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V. A. Krat, New Ideas on the Solar Photosphere
Based on Stratospheric Investigations. The results re-
ported in this paper were obtained in the course of the
processing of observational data recorded by the large
Soviet Stratospheric Solar Observatory (SSO) between
1970 and 1973. The processing involved digital photom-
etry, holographic methods, and mathematical theory of
bursts.

Among the facts relating to the solar atmosphere that
were established in this work, we particularly note the
following.

1. The two-component nature of the solar granulation
field (bright isolated granules and dark network). The
granules can be seen right up to the solar limb. The
continuity of the network is already lost for angles θ
= 60° between the line of sight and the normal to the sur-
face. For 0>7O°, the network vanishes altogether.
This means that, on average, the network is located in
the photosphere at 100-200 km below the granules.

2. There is no morphologically continuous transition
from granules to network. There are practically no
granules of brightness lower than the mean brightness
of the photosphere.

3. The granules and the grid are sharply delineated.
There is practically no case of continuous dissipation of
structures. The network closes morphologically on
spots, pores, and embryonic pores (porules).

4. The motions of the photospheric elements take
place at different angles to the mean surface of the pho-
tosphere. Their amplitude reaches up to ± 2.0 km/sec.

5. The granule-network temperature differences
reach up to 1000°.

6. There is considerable brightness dissipation in
the pores and minor sunspots. The pore brightness can
undergo very considerable variation with time, includ-
ing the total disappearance of a pore against the photo-
spheric background.

7. The spot umbras and penumbras contain bright
granule-like formations in the form of deep bright facu-
lar granules whose brightness is frequently greater than
the mean brightness of the photosphere. Some are very
persistent and can be seen for several hours (2-3 h).

8. The so-called bright rings around spots are groups
of individual bright facular granules. As a rule, the
same facular granules surround all the pores.

9. The horizontal displacement of the individual ele-
ments in the spot penumbra can be of the order of 10
km/sec.

10. Elements of the chromosphere are several times
wider in cross section than photospheric elements.

11. In only 30% of all cases do dark and bright fila-
ments exhibit an expansion with increasing distance

from the spot nucleus with a gradient of the order of 100
m per kilometer.

The above facts can only be explained in terms of the
electromagnetic picture of the structure of the solar
atmosphere. Inclined motion and high temperature gra-
dients must involve magnetic fields H>100 G if the pic-
ture is to be stable (if only for a few minutes). For
magnetic fields Η lower by an order of magnitude, which
have so far been assumed for the photosphere on the
basis of terrestrial observations with solar magneto-
graphs, the influence of the magnetic field on the atmo-
spheric plasma would not be appreciable. Since the dark
photospheric network is morphologically connected with
sunspots, and is the most clearly defined formation, the
enhanced magnetic field must be ascribed to the network.
If this is so, this magnetic field will be practically un-
observable from the earth or, more precisely, it will
be concealed in the resultant image of the granules and
the network. Moreover, if an azimuthal field is pres-
ent in the network filaments, then depolarization in
spectral line profiles is unavoidable, and the longitudi-
nal component of the magnetic field will be nearly zero.

The expansion of atmospheric formations between the
photosphere and chromosphere is explained by the mag-
netic pressure within the object (arc, loop, jet) in a
rapidly falling pressure in the chromosphere. The ab-
sence of expansion in most of the filaments in sunspot
penumbra suggests that they rise upward and remain
purely photospheric formations (most likely, the apices
of magnetic arcs).

The strong magnetic field Η in the photospheric net-
work can be the reason for its lower temperature. Since
the mean cross-sectional diameter of the network fila-
ments varies between 200 and 600 km, most of the fila-
ment should lie within the convective zone (in any of the
existing models). The operative mechanism is then a
temperature drop due to the suppression of convection
in the same way as it is thought to operate in sunspots.

It is important to note that this suppression of convec-
tion is impossible for H~ 10 G. The darkening of the
network can occur only for H>100 G.

The faculae are generally stable formations that ap-
pear suddenly (if we are concerned with individual gran-
ules) and vanish equally suddenly (over a few minutes
or even a few tens of seconds). They appear at different
levels in the photosphere and are genetically related to
sunspots and pores. Only one explanation has been put
forward for their emission, namely, the emergence of
hydromagnetic waves from subphotospheric layers for

G.

The sun should not be regarded as a star with a low
magnetic field. Its magnetic field is, in fact, compara-
ble with stellar magnetic fields, but it has a fine struc-
ture which leads to an apparently low Η in the flux of ra-
diation averaged over the entire sun.
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New data on the interactions of elementary particles (from
materials of the Eighteenth International Conference on
High Energy Physics, Tbilisi, July 15-21,1976)

I. V. Andreev, A. D. Dolgov, A. A. Komar, V. A. Kuz'min, V. A. Khoze, and
V. A. Tsarev
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The Eighteenth International Conference on High En-
ergy Physics, which took place in Tbilisi during the pe-
riod July 15-21, 1976 and brought together over 800
participants, summarized the results of investigations
of the strong, electromagnetic, and weak interactions
of elementary particles that have been undertaken in the
past two years in laboratories throughout the world. The
character and trend of these investigations have been
greatly influenced by the discovery in November 1974 of
new elementary configurations—the j/ψ particles—a dis-
covery which led to a succession of diverse conjectures
and hypotheses and which brought about a series of new
experimental arrangements. The programs of research
in most scientific centers were revised and reoriented
to a great extent towards the study of the properties of
the new particles, the characteristics of their produc-
tion in various interactions, and tests of the conse-
quences of the various interpretations of the nature of
the J/ψ particles. It is not surprising that an apprecia-
ble fraction of the papers presented at the Tbilisi Con-
ference were concerned in some way with the new par-
ticles and that this subject was at the center of attention
of the participants at the conference.

There was also great interest in recent studies of pro-
cesses involving weak interactions of elementary par-
ticles, particularly neutrino processes and, specifically,
processes induced by neutral currents and deep inelastic
electromagnetic processes. New data on strong-inter-
action processes at high energies which revealed cer-
tain unexpected characteristics of these processes were
reported at the conference.

We shall discuss here the principal new results per-
taining to the above-mentioned types of interactions.u

With regret and due apologies, the authors are obliged
to state that some of the data reported at the conference
must inevitably remain outside the scope of this discus-
sion.

1. NEW PARTICLES

One of the central events of the Tbilisi Conference was
a report on the observation of the first specimens of the
family of "charmed" particles, i. e., particles which

carry the new quantum number "charm. " The discovery
of charmed particles has created a new field of research
in elementary-particle physics—the study of the proper-
ties and decay characteristics of these particles.

The discovery of the new particles (barring any un-
foreseen disappointment) was an indisputable success of
the theory. It is well known that the original quark
model of Gell-Mann and Zweig, which was based on
three quarks q (u, d, s) and enjoyed great success in
describing the basic properties of the hadrons, encoun-
tered major difficulties in describing the weak interac-
tions, since it led, for example, to appreicable strange-
ness-changing neutral currents. It was shown by Gla-
show, Iliopoulos, and Maiani that this difficulty is auto-
matically eliminated if one introduces a fourth (charmed)
quark c. The introduction of this new quark led directly
to the conclusion that there exists a new family of ele-
mentary particles: charmed particles (mesons of the
type (cq) and baryons of the type (cqq), (ccq), or (ccc))
and particles with hidden charm (mesons of the type
(cc)). Recent data confirm that this conclusion is cor-
rect. In order to give a better appraisal and system-
atization of the current experimental situation, we shall
present a more detailed account of the consequences of
the four-quark model.

A. cc spectroscopy (charmonium spectroscopy)

It is expected that there exists a family of S£/3-singlet
neutral mesons with quantum numbers P = ( - l ) i + 1 and
C = (- l)L*s, where L and s are the orbital angular mo-
mentum and spin of the cc pair. The φ (3095) meson
which was discovered two years ago must then be inter-
preted as an ortho-state of a cc pair with Jpc = 1", and
the φ' ,(3684) must be interpreted as a radial excitation
of the ψ. The masses of the φ mesons enable us to esti-
mate the mass of the c quark as wc~ 1. 5 GeV, which is
much greater than the masses of the q quarks.

B. Spectroscopy of charmed particles

It is predicted that there exist long-lived (τ» 10"^-
10'13 sec) pseudoscalar mesons D° = (cu) and D* = (cd),
vector mesons Z>* and F*, and baryons Bc: (cqq),
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