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Abstract. The purpose of this talk is to review some recent
work on the model for the origin of the bulk of the Galactic
cosmic rays (CRs), namely that they are produced by diffu-
sive shock acceleration in shock waves associated with su-
pernova remnants (SNRs).This is currently the modern the-
ory for the origin of Galactic CRs. Selfconsistent nonlinear
theory of CR acceleration in SNRs, developed during the last
decade, is able to explain the main characteristics of the ob-
served CR spectrum under several reasonable assumptions,
at least up to an energy of1015 eV. A brief review of the ex-
perimental results, especially that are presented at this con-
ference, for searching of high energy gamma-ray emission
from nearby SNRs and their correspondence to the theoreti-
cal predictions is presented.

1 Introduction

The main reason why one might expect supernova remnants
(SNRs) to be a CR source is a simple argument about the
energy required to sustain the Galactic cosmic ray (GCR)
population against loss by escape, nuclear interactions and
ionization energy loss. The mechanical energy input to the
Galaxy from each supernova (SN) is about1051 erg so that
with a rate of about one every 30 years the total mechani-
cal power input from supernovae is of the order1042 erg/s
(e.g. Berezinsky et al., 1990 ). Thus supernovae have enough
power to drive the GCR acceleration if there exists a mecha-
nism for channeling about 10% of the mechanical energy into
relativistic particles. The high velocity ejecta produced in the
supernova explosion (typically a few solar masses moving at
a few percent of the speed of light) interacts with the ambient
medium to produce a system of strong shocks. The shocks in
turn can pick up a few particles from the plasma flowing into
the shock fronts and accelerate them to high energies.

The only theory of particle acceleration which at present is
sufficiently well developed and specific to allow quantitative
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model calculations, and which appears capable of meeting
many of the observational constraints on any cosmic ray ac-
celeration theory, is diffusive acceleration (Krymsky, 1977;
Axford et al., 1977; Bell, 1978; Blandford and Ostriker,
1978) applied to the strong shocks associated with SNRs (see
Drury, 1983; Berezhko and Krymsky, 1988; Jones and Elli-
son, 1991; Malkov and Drury, 2001 for a review).

Considerable efforts have been made during the last years
to empirically confirm the theoretical expectation that the
main part of GCRs indeed originates in SNRs. Theoreti-
cally progress in the solution of this problem has been due
to the development of the kinetic nonlinear theory of diffu-
sive shock acceleration (Berezhko et al., 1996; Berezhko and
Völk, 1997, 2000a). Although still incomplete, the theory
includes all the most relevant physical factors, essential for
SNR evolution and CR acceleration, and it is able to explain
the main characteristics of the observed GCR spectrum un-
der several reasonable assumptions, at least up to an energy
of 1014 ÷ 1015 eV.

In order to make a clear conclusion whether the conven-
tional model for GCR origin is consistent with the observa-
tions the detail and accurate measurements of GCRs prop-
erties especially in the knee region1014 ÷ 1016 eV are ex-
tremely needed. Due to low GCR intensity their measure-
ments can only be obtained at these energies by the ground
based installations. In this regard the results of KASCADE
array presented at this conference, eventhough still prelimi-
nary, are very promised. The correspondence between KAS-
CADE measurements and theoretical predictions is briefly
examined here.

Direct information about high-energy CR population in
SNRs can be obtained fromγ-ray observations. Electronic
CR component is very well visible in a wide wave length
range of radiation, which they produce in SNRs, from radio
to γ-ray emission, whereas in the case of nuclear CR com-
ponent theγ-ray detection is the only possibility to fiend it.
If this nuclear component is strongly enhanced inside SNRs
then through inelastic nuclear collisions, leading to pion pro-
duction and subsequent decay,γ-rays will be produced at the



227

detectable level (e.g. Drury et al., 1994).
We consider briefly below the correspondence between the

theoretical predictions and experimental results related with
the GCR characteristics and the properties of the emission
produced by CRs inside SNRs.

2 CR spectrum and composition

Expected near the Earth GCR spectra (differential intensity
with respect to the kinetic energyεk) produced in SNRs
calculated within nonlinear kinetic approach(Berezhko and
Ksenofontov,1999) at conventional set of SNR and interstel-
lar medium (ISM) parameters are compared in Fig. 1 with
the experimental data (Shibata, 1995). Note that together
with the direct measurements in the case of all particle, pro-
ton, helium and iron spectra the data obtained at the ground
based installations are also presented in Fig. 1. The soften-
ing of CR spectrum due to the rigidity dependent mean CR
residence timeτesc and the solar wind modulation effect are
taken into account (see Berezhko and Ksenofontov, 1999 for
a details). Calculated all particle spectrum

JΣ(εk) = ΣJA(εk)

includes the spectra of elements presented in Fig. 1.
One can see that calculated spectra for all elements equally

well fits the experiment.
Note however, that the actual calculated spectra of CRs

produced in SNRs extend only to the cutoff energy, which
value varies within the rangeεmax = 1015 ÷ 3 × 1016 eV
for the elements presented in Fig. 1, with sharp exponential
cutoff at higher energies, whereas the observed GCR spec-
trum only slightly changes the slope (from power law index
valueγ ≈ 2.75 to γ ≈ 3.1) at so called knee energy, which is
about3 × 1015 eV for the all particle spectrum. This means
that except shock acceleration in SNRs some other acceler-
ation process operates somewhere inside the Galaxy. The
most natural way to produce the smooth GCR spectrum due
to two different processes is when the second one is some
kind of reacceleration mechanism which picks up the most
energetic CRs produced inside SNRs and accelerates them
to much higher energiesεk � εmax. Such type of process
can take place in the pulsar vicinity (Bell, 1992; Berezhko,
1994). To demonstrate how GCR spectrum could look like at
εk > εmax we extended calculated CR spectra smoothly to-
ward higher energies according to the lawε−3.1

k . This rather
formal procedure gives the prediction of CR composition at
energiesεk >∼ 1015 eV, which is expected to be sensitive to
the valueεmax.

It is worthwhile to compare the expected GCR spectra with
new data of the ground-based installation KASCADE pre-
sented at this conference. In Fig. 2 the measured (Ulrich et
al., 2001) and calculated spectra of several GCR elements are
presented. One can see that calculated all particle spectrum
fairly well fits the data whereas there are essential difference
between the theory and the experiment in the individual ele-
ment spectra. The most surprising difference is that the mea-

Fig. 1. GCR intensity near the Earth as function of the kinetic en-
ergy. Experimental points (Shibata, 1995) are compared with the
nonlinear kinetic model calculations (Berezhko and Ksenofontov,
1999). Dashed lines show exponential cutoffs of spectra produced
in SNRs.

sured light elements spectra reveals almost exponential cut-
off at energiesεk >∼ 106 GeV instead the ordinary knee . In
the case of iron both spectra have a similar shape, but the
experimental one has essentially higher amplitude.

Note that the measured value of the energy at which the
element spectra becomes essentially steeper, so-called knee
energy, progressively increase roughly proportional to the el-
ement charge number Z, that is consistent with the theoretical
expectation.

The calculated mean GCR atomic number

< A >= ΣAJA(εk)/ΣJA(εk)

is compared in Fig. 3 with the KASCADE data. One can see
that the expected value of< A > increases from 10 to 20
in energy interval1015 ÷ 1017 eV. The experiment reveals a
similar behavior with the essential difference at low energy
part of the interval, where the measured value of< A > is
about 50% lower than calculated one. Surprisingly that one
can expect from Fig. 2 just the opposite situation, i.e. heavier
larger value of< A > at low energies compared with the
theoretical one.

Due to extremely hard CR spectrum inside SNRs, pre-
dicted by the kinetic model, an essential contribution from
the single nearby SNR, situated at the distancesd<∼ 1 kpc,
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Fig. 2. KASCADE data of GCR spectra in the knee region (Ulrich
et al., 2001) compared with the theoretical predictions (Berezhko
and Ksenofontov, 1999). Solid, dashed, dash-dotted and dotted
lines correspond to all particle, hydrogen, helium and iron respec-
tively

should be observed as a kind of bump in the GCR spectrum
at energiesεk = 1014÷ 1016 eV, if CR leakage from the par-
ent SNR into the Galactic volume is more or less spherically-
symmetric (Berezhko and Ksenofontov, 1999). It is not ex-
cluded that peculiarities in the GCR spectrum discussed by
Erlykin and Wolfendale (1997) can be attributed to this kind
of effect.

3 Gamma-ray emission produced by CRs in SNRs

CRs manifest themselves in SNRs by the emission which
they produce in a number of different processes. Existence
of large number of relativistic electrons in SNRs is proved by
their synchrotron emission which is observed in radio and X-
ray bands. Direct information about the highest-energy CRs
can be obtained fromγ-ray observations. High-energyγ-
rays are produced by electronic and hadronic CR components
in the inverse Compton (IC) scattering and in the hadronic
collisions leading to pion production and subsequent decay
respectively.

Electrons with the power law spectrumNe ∝ ε−γ generate
γ-ray integral flux

F ICγ ∝ KepEcε
−(γ−1)/2
γ ,

which is proportional to the CR energy contentEc and elec-
tron to proton ratioKep.

Protons with energy spectrumN ∝ ε−γ in their hadronic
collision with the background nuclei produceγ-ray flux

F ppγ ∝ NHEcε−γ+1
γ ,

whereNH is the gas number density inside SNR which is
roughly the ISM number density.

Fig. 3. Mean GCR mass number as a function of kinetic energy.
KASCADE data (Ulrich et al., 2001) and theoretical prediction
(Berezhko and Ksenofontov, 1999) are shown.

The ratio of these two fluxes is about

F ICγ
F ppγ

≈ 103Kep

(
1 cm−3

NH

)( εγ
1 TeV

) γ−1
2
,

when the IC emission is due to cosmic microwave back-
ground radiation and the power law indexγ ≈ 2. According
to this expression one can expect that the hadronic contribu-
tion into theγ-ray emissivity of SNR dominates in the case
of dense enough ISM.

The spectra ofπ0-decayγ-rays, produced by shock ac-
celerated CRs in SNRs that expand into a the uniform ISM,
that is typical situation for the case of SN Ia, were studied
in detail in a kinetic approach (Berezhko and Völk, 1997).
Note that TeV-energiesγ-rays, measurable by the imaging
Cherenkov technique, are the most interesting for searching
hadronic CRs in SNRs because they provide the information
about CRs of highest possible energies1013 ÷ 1014 eV (e.g.
Drury et al., 1994).

The typical time-dependence of the expected integral flux
Fγ(εγ) of γ-rays with energiesεγ greater than 1 TeV from
SNR Ia situated at 1 kpc distance in so-called warm ISM
(NH = 0.3 cm−3, T = 104 K) is shown in Fig. 4. The pre-
dicted peak value of the expectedγ-ray flux is scaled with
the ISM hydrogen number densityNH as

Fmaxγ (1 TeV) ≈ 2× 10−10

(
NH

1 cm−3

)
photons
cm2 s

.

It is reached at

tmax ≈ 3× 103

(
Esn

1051erg

)−1/2(
NH

1 cm−3

)−1/3

yr

after the SN explosion. According to Fig. 4 TeVγ-ray flux
Fγ > 10−11 cm−2s−1 is expected during abouttm = 105 yr
of SNR evolution. It can be detected by the instrument with
thresholdFl ∼ 10−12 cm−2s−1 up to a distanced ≈ 3 kpc.
Since the Galactic SN Ia rate isνsn ≈ 1/300 yr−1 (e.g.
Lozinskaya, 1991), the expected number of SNRs of this
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Fig. 4. Integral 1 TeVγ-ray flux expected at 1 kpc distance from
SNR Ia situated in a warm ISM as a function of time since the SN
explosion.

kind Nsn = νsntm is aboutNsn ∼ 300 (the Galactic SN
Ia rate isνsn ≈ 1/300 yr−1). Therefore one can conclude
that about 10 SNRs of this type should be observable

Tycho’s supernova remnant has recently been observed
by the HEGRA stereoscopic system of imaging atmospheric
Cherenkov telescopes (IACTs) on La Palma. This object,
type Ia SNR, has long been considered as a prototype can-
didate hadronic CR source in the Northern Hemisphere (e.g.
Drury et al., 1994), although it was always clear that the sen-
sitivity of the present generation of IACTs was marginal for
a detection. In fact, after∼ 65 hours of observation time,
HEGRA did not detect Tycho’s SNR, but it could establish a
very low 3σ upper flux limit of5.78× 10−13 photons cm−3

s−1, or 33 milli-Crab, at energies> 1 TeV (Aharonian et al.,
2001a). The kinetic nonlinear model for CR acceleration in
SNRs has been applied to Tycho’s SNR in order to compare
its results with the recently found very low observational up-
per limit for the TeVγ-ray flux (Völk et al., 2001). Stel-
lar ejecta massMej = 1.4M�, distanced = 2.3 kpc, and
ISM number densityNH = 0.48 cm−3 were used in calcu-
lation. Two other physical parameters, the explosion energy
Esn = 0.27× 1051 erg and a rather high upstream magnetic
field strengthB0 = 40µG, were taken to fit the observed
sizeRs and expansion speedVs which are determined by the
ratioE2

sn/NH , and the spectrum of the synchrotron radiation
which is sensitive to the value ofB0, especially in the X-ray
region. One cannot exclude that the required magnetic field
strength, that is significantly higher than the rms ISM value
5µG, might have to be attributed in part to its non-linear am-
plification near the SN shock by CR acceleration itself.

It was found that after adjustment of the predictions of
the nonlinear spherically-symmetric model by a renormal-
ization of the number of accelerated CRs to take account
of the quasiperpendicular shock directions in a SNR, quite
a reasonable consistency with most of the observational data
can be achieved. The totalγ-ray flux at 1 TeV (with theπ0-
decay component exceeding the IC component) is slightly
larger than the observational upper limit from the HEGRA
experiment. This leads us to the prediction that detectors
with several times higher sensitivity, like MAGIC or Veritas

in the Northern Hemisphere, should indeed detect this source
at 1 TeV in predominantly hadronicγ-rays.

The expectedπ0-decayγ-ray flux Fγ ∝ ε−1
γ extends up

to the energiesεγ >∼ 30 TeV, whereas the ICγ-ray flux has
a cutoff above a few TeV. Therefore the detection ofγ-ray
emission atεγ ∼ 10 TeV would imply clear evidence for a
hadronic origin.

Up to now the only type Ia SNR detected as source of
TeV γ-rays is SN 1006 (Tanimori et al., 1998). Applica-
tion of the kinetic model to the case of SN 1006 gives some
evidence that CR nuclear component provides the essential
contribution in the observed TeVγ-ray flux (Berezhko et al.,
1999). Calculated synchrotron flux and integralγ-ray flux
due to inverse-Compton (IC) scattering of CR electrons on
microwave background radiation and due to collisions of the
nuclear CR component with the gas nuclei presented in Fig. 5
(Berezhko et al., 2001a) correspond toEsn = 1051 erg,
NH = 0.1 cm−3, B0 = 9µG, and CR electrons to protons
ratio at relativistic energiesKep = 2 × 10−3. One can see
that the theory satisfactory reproduces observed synchrotron
emission in radio (Reynolds, 1996) and X-ray (Hamilton et
al., 1986) ranges and it also satisfactory fits newγ-ray data of
CANGAROO Cherenkov telescope (Tanimori et al., 2001).
It is important to note, that contrary to simplified estimations
(Mastichiadis and de Jager, 1996)π0-decayγ-ray flux gen-
erated by nuclear CR component (p-p) is roughly by a factor
of four larger than ICγ-ray flux generated by CR electrons
in the TeV energy range, as one can see from Fig. 5 (see also
Aharonian and Atoyan, 1999, where such possibility was dis-
cussed).

SNe of type Ib and II, which are more numerous in our
Galaxy, explode into an inhomogeneous circumstellar medi-
um, formed by the intensive wind of their massive progenitor
stars (Weaver et al., 1977, Lozinskaya, 1991).

The strong wind from the massive progenitor star interacts
with an ambient interstellar medium (ISM) of uniform den-
sity ρ0 = 1.4mNH , resulting to first approximation in an
expanding spherical configuration, which is called a bubble
(Weaver et al., 1977). Throughout its evolution, the system
consists of four distinct zones. Starting from the center they
are: (a) the hypersonic stellar wind (b) a region of shocked
stellar wind (c) a shell of shocked interstellar gas , and (d)
the ambient ISM.

Numerical results (Berezhko and Völk, 2000a) show that
when a SN explodes into a circumstellar medium strongly
modified by a wind from a massive progenitor star, then CRs
are accelerated in the SNR almost as effectively as in the
case of a uniform ISM: about20 ÷ 40% of the SN explo-
sion energy is transformed into CRs during the active SNR
evolution.

During SN shock propagation in the supersonic wind re-
gion (t<∼ 103 yr) very soon the acceleration process reaches
a quasistationary level which is characterized by a high effi-
ciency and a correspondingly large shock modification. De-
spite the fact that the shock modification is much stronger
than predicted by a two-fluid hydrodynamical model (Jones
and Kang, 1992), the shock never becomes completely smoo-
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Fig. 5. Synchrotron flux as a function of frequencyν (a) andγ-ray flux as a function of energyεγ (b) from SN 1006. Radio (Reynolds,
1996), X–ray (Hamilton et al., 1986),γ-ray (Tanimori et al., 2001) data and theoretical predictions (Berezhko et al., 2001a) are presented.
Electronic and hadronicγ-ray contributions are shown by dashed and solid lines respectively (b).

thed by CR backreaction: a relatively strong subshock al-
ways exists.

Due to the relatively small mass contained in the super-
sonic wind region CRs absorb there only a small fraction of
the explosion energy (about 1% in the case of a SN type Ib,
and 10% in the case of a SN type II) and the SNR is still very
far from the Sedov phase after having swept up this region.
It means, that the CRs produced in this region should not
play a very significant role for the formation of the observed
Galactic CR energy spectrum.

The peak value of the CR energy content in the SNR is
reached when the SN shock sweeps up an amount of mass
roughly equal to several times the ejected mass. This takes
place during the SN shock propagation in the modified bub-
ble.

The CR andγ-ray spectra are more variable during the
SN shock evolution than in the case of a uniform ISM. At
the same time the form of the resulting overall CR spectrum
is rather insensitive to the parameters of the ISM as in the
case of uniform ISM. The maximum energy of the acceler-
ated CRs reached during the SNR evolution is about1014 eV
for protons in all the cases considered, if the CR diffusion
coefficient is as small as Bohm limit.

In the case of a SN Ib the expected TeV-energyγ-ray flux,
normalized to a distance of 1 kpc, remains lower than10−12

cm−2s−1 during the entire SNR evolution if the ISM number
density is less than 1 cm−3 except for an initial short period
t < 100 yr when it is about10−11 cm−2s−1. Only for a rel-
atively dense ISM withNH = 30 cm−3 the expectedγ-ray
flux is about10−10 cm−2s−1 at late phasest > 104 yr. A
similar situation exists at late phases of SNR evolution in the
case of SN II. The expectedγ-ray flux is considerably lower,

at least by a factor of hundred, compared with the case of
uniform ISM of the same densityNH .

The kinetic nonlinear model of cosmic ray acceleration
in SNRs was used to describe the relevant properties of the
Cas A remnant (Berezhko et al., 2001b). We used the model
of a locally smooth circumstellar medium developed by Bor-
kowski et al. (1996) which consists of a tenuous inner bub-
ble, a dense shell of swept-up slow red supergiant (RSG)
wind material, and a subsequent RSG wind region, in order to
reproduce the SNRs observed size, expansion rate and ther-
mal X-ray emission. The values of other physical parameters
which influence the CR acceleration are taken to fit the ob-
served synchrotron emission of Cas A in the radio and X-ray
range. The calculated integralγ-ray flux from Cas A is domi-
nated byπ0-decayγ-rays produced by relativistic protons. It
extends up to almost 100 TeV and at TeV-energies consider-
ably exceeds the value5.8× 10−13 cm−2s−1 detected by the
HEGRA collaboration (Aharonian et al., 2001b). Possible
explanations of this discrepancy are proposed which corre-
spond either to leakage of the highest energy CRs from the
remnant already at the current stage, to a lower gas density,
or to an unusually high electron to proton ratio for the accel-
erated CRs.

In the case of a SN II during the first several hundred years
tm after the explosion, the expected TeVγ-ray flux at a dis-
tanced = 1 kpc exceeds the value10−9 cm−2s−1 and can
be detected up to the distancedm = 30 kpc with present in-
struments like HEGRA, Whipple or CAT. This distance is of
the order of the diameter of the Galactic disk. Therefore all
Galactic SNRs of this type whose number isNsn = νsntm
should be visible. But in this case one can expect at best
Nsn ∼ 10 suchγ-ray sources at any given time.
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Fig. 6. Shock sizeRs and shock speedVs (a) and integralγ-ray flux of SN 1987A expected at two different epochs(b): in 2000 (full line)
and in 2006 (dashed line). The measured values ofRs (circles) andVs (triangles) are extracted from the radio observations (Gaensler et al.,
1997). Vertical dotted and dash-dotted lines (a) correspond to 2000 and 2006 respectively.

SN 1987A in the Large Magellanic Cloud represents an
interesting example of type II SN, because there are a lot
of reliable observational data (e.g. see McCray, 1993 for a
review) which provide a unique opportunity to apply the ex-
isting models of CR andγ-ray production inside SNRs. In
Fig. 4a the calculated time-dependence of SN shock size
and speed (Berezhko and Ksenofontov, 2000) are compared
with the experimental data, extracted from the radio observa-
tions (Gaensler et al., 1997). During the initial period 1500
days after the explosion the SN shock propagated through
the wind of blue supergiant (BSG) star which was a progen-
itor of SN 1987A during the last104 yr before the SN event
(McCray, 1993). Due to low density of BSG wind the shock
speed was very highVs ≈ 30000 km/s and almost constant
in this region. The essential shock deceleration from day
1500 to day 3000 indicates that the shock enters much more
denser region occupied by the wind of RSG star (Chevalier
and Dwarkadas, 1995): according to calculation the number
densityN ≈ 400 cm−3 is required to reproduce the observed
SN shock deceleration. Very high RSG wind number density
leads to extremely highγ-ray luminosity on the current stage,
as it is demonstrated in Fig. 4b, despite of the large distance
d = 50 kpc. One can see from Fig. 4b that the expectedγ-ray
flux at energiesεγ <∼ 1 TeV can be detected either by GLAST
or by HESS instrument in the nearest future.

4 SNR contribution in Galactic γ-ray background radi-
ation

It is expected that the oldest SNRs which still confine ac-
celerated CRs essentially contribute to the background dif-

fuse Galacticγ-ray flux (Berezhko and V̈olk, 2000b). It was
shown that the source cosmic ray (SCR) contribution is less
than 10% of the GCR contribution at GeV energies and it
dominates at energies greater than 100 GeV due to its es-
sentially harder spectrum. This conclusion is confirmed by
calculations performed for the case when SNRs are the main
source of GCRs. At TeV energies the SCRs increase the ex-
pectedγ-ray flux from the Galactic disk by almost an order
of magnitude.

The single physical parameter which determines the SCR
contribution due to hadronic interactions is the SCR con-
finement timeTsn. As far as theγ-ray emission due to
π0-decay is concerned, the above conclusions are valid for
Tsn ∼ 105 yr. Since this SCR contribution is proportional to
Tsn, it would be negligible at TeV energies ifTsn<∼ 104 yr.
A SNR age of104 yr typically corresponds to the intermedi-
ate Sedov phase, when the SNR shock is still quite strong.
Therefore it seems to be quite improbable that the GCRs are
replenished from SNRs at such an early phase. For the IC
contribution even a ten times shorter source life time would
be sufficient at TeV energies. In fact, for the TeV IC emis-
sion the relevant time scale is the life timeτe(εe) of parent
SCR electrons due to their synchrotron losses, which is in-
deed about104 yr. For decreasingγ-ray energiesτe(εe) in-
creases beyond104 yrs, and therefore a source life time of
this magnitude would become a limiting factor.

In Fig. 7 the expected diffuseγ-ray emission from the
Galactic plane is compared with the existing data: EGRET
measurements atεγ < 20 GeV and Wipple, HEGRA (Lam-
peitl et al., 2001) and Tibet (Amenomori et al., 2001) upper
limits at TeV energy range, which are close but still above
the prediction.
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Fig. 7. Diffuse γ-ray flux from the Galactic plane|b| < 2o.
In the figure taken from Lampeitl et al. (2001) new Tibet upper
limit (Amenomory et al., 2001) is added. EGRET data (Hunter et
al., 1997), Whipple (Reynolds et al., 1993; LeBohec, 2000) and
HEGRA (marked by (1)–(3)) are shown. The dashed line indi-
cates an extrapolation of the EGRET data with an index 2.5. The
solid line (BV2000) indicates the leaky box model prediction by
Berezhko and V̈olk (2000b)

Therefore the measurements of the predicted diffuse
Galacticγ-ray flux at TeV-energies would give indirect con-
firmation that SNRs are indeed the main sources of Galactic
CRs.

5 Summary

Detailed consideration performed within a frame of nonlin-
ear kinetic model demonstrates, that the diffusive accelera-
tion of CRs in SNRs is able to generate the observed GCR
spectrum up to an energy∼ 1015 eV.

There are some discrepancy between the theory and pre-
liminary KASCADE measurements of individual GCR ele-
ment spectra in the knee energy range. If the existence of rel-
atively sharp cutoff in the light element spectra is confirmed
in further analysis it would be a strong indication that GCRs
are indeed produced in two (at least) different processes. The
first one, which is presumably SNRs, operates up to the knee
energy, whereas the second starts to operate at this energy
being very sensitive to the initial particle rigidity, because
according to the KASCADE data it produces only elements
heavier than helium.

Due to relatively hard CR spectrum inside SNRs measur-
able contribution of nearby SNRs in the Galactic CR spec-
trum seems to be quite probable.

According to the theoretical prediction about 20 SNRs
should be visible in TeVγ-rays whereas only two were de-
tected up to now, namely SN 1006 and Cas A. Negative
correlation between SN of type Ia and ISM density could
be a possible explanation of this deficit in detected TeVγ-
ray sources. For core collapse SN of types II or Ib with
quite massive progenitor one can in part explain this fact
by the extremely lowγ-ray intensity expected from such
SNRs during the period of SN shock propagation through
the low-density hot bubble. An alternative possibility relates
to the confinement time which high energy CRs spend in-
side SNRs before their release into the interstellar medium:
if it is essentially lower than105 yr, it would proportion-
ally decrease the expectedγ-ray sources. It is not also ex-
cluded that the spherically-symmetric model overestimates
CR acceleration efficiency in actual SNRs where particle in-
jection/acceleration can be suppressed at some essential part
of the shock surface due to magnetic field structure, that can
essentially reduce the expected number of SNRs visible in
TeV γ-rays.

According to the kinetic model SN 1006 gives some ev-
idence that CR nuclear component is indeed produced in
SNRs.

At the same time the measured TeVγ-ray flux from Cas A
is considerably lower than expected at the conventional elec-
tron to proton ratio. Possible explanations of this discrepancy
correspond either to leakage of the highest energy CRs from
the remnant already at the current stage, to a lower gas den-
sity, or to an unusually high electron to proton ratio for the
accelerated CRs. Since the expectedγ-ray flux at lower en-
ergies is essentially different in each of these possibilities the
forthcoming GLAST experiment will discriminate them.

TeV γ-ray flux from SN 1987A at current evolutionary
phase is aboutFγ ≈ 7 × 10−13 cm−2s−1 and expected
to grow at the year 2006 by a factor of two. Therefore
SN 1987A is a good candidate for searching high-energyγ-
ray emission due to CR nuclear component in forthcoming
experiments GLAST and HESS.

If SNRs produce CRs as effectively as predicted by the ki-
netic model then high energy diffuse Galacticγ-ray flux is
dominated by contribution of CRs situated inside old unre-
solved SNRs. The measurements of the diffuse flux at TeV-
energies would give an indirect test whether SNRs are in-
deed the main source of CRs. These conclusions remain
valid for alternative classes of possible GCR sources with
comparable overall energy release and comparable individual
confinement times. Note that this contribution of the domi-
nant GCR sources necessarily exists, independently whether
fluctuations of GCR electron component (Pohl and Esposito,
1998) are considered or not.
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