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Scientific session of the Division of General Physics 
and Astronomy of the Russian Academy 
of Sciences (25 March 1994) 

A scientific session of the Division of Genera l Physics and 
A s t r o n o m y of the Russ ian A c a d e m y of Sciences was held 
on 25 M a r c h 1994 in the P L Kap i t sa Ins t i tu te of Physics 
Problems . The following repor t s were presented at the 
session: 

(1) I D Karachentsev " H i d d e n mass in the local system 
of galaxies"; 

(2) V G Klochkova, V E Panchuk "L i th ium and 
beryll ium in the p rob lem of cosmic-mat ter evo lu t ion" ; 

(3) G A Stepanyan " T h e second B y u r a k a n su rvey" ; 
(4) Yu Yu Balega "10 years of interferometry on the 6 m 

te lescope" ; 
(5) G M Beskin, S N Mitronova, S I Neizvestnyi, 

V L Plokhotnichenko, M Yu Popova " Invest igat ions of 
relativistic and rapidly varying objects with high t empora l 
reso lu t ion" ; 

(6) T V Shabanova "Discovery of a p lane ta ry system 
a r o u n d PSR 0329 + 5 4 . " 

PACS numbers: 97.10.Tk 

Lithium and beryllium in the 
problem of cosmic-matter evolution 
V G K l o c h k o v a , V E P a n c h u k 

The elements Li, Be, and B play a special role in the 
format ion of our unde r s t and ing of the Universe . They are 
exhausted in stellar interiors, and are no t replenished by 
o rd inary nucleosynthesis processes. These elements are 
formed very slowly owing to the C o u l o m b repulsion of the 
nuclei of hel ium isotopes and to the low concent ra t ion of 
3 H e nuclei, bu t are bu rn t out quickly in the hydrogen 
med ium. This is why observat ion of an a b u n d a n c e of these 
elements in stellar a tmospheres is evidence either for the 
existence of Li and Be in the protoste l lar mat te r and low 
efficiency of mixing processes tha t dilute stellar a t m o s ­
pheres with mat te r rich in the bu rn t -ou t nuclei of Li and 
Be, or for the existence of processes synthesising these 
elements with subsequent fast transfer into layers where 
react ions with p r o t o n s are no longer effective. The Li and 
Be a b u n d a n c e has been found to be higher in cosmic rays 
t han in stellar mat te r , and this is the foundat ion for the 
mode l of their synthesis in spallat ion react ions on the C N O 
nuclei. The complex interrelat ion and p o o r theoret ical 
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unde r s t and ing of the different ways in which the synthesis 
and destruct ion of the light elements occurs does no t 
permit one to construct a quant i ta t ive pic ture of the 
evolut ion of these elements, consistent with other aspects of 
galactic evolut ion. The lines of these elements fall into 
different spectral ranges (Li I A6707 A, Be II A3130 A), and 
the ra te of acquisi t ion of observa t ional da ta is fully 
determined by the development of g round-based and 
ext ra-a tmospher ic spectroscopy techniques . The requi re­
ment s of a high spectral resolut ion and a low signal- to-
noise rat io in the major i ty of tasks m a k e large telescopes 
the ins t ruments of choice for these studies. 

In the complex p rob lem of Li and Be evolut ion one can 
define the following major tasks . 

(a) Destruction of Li nuclei in the transition from F-stars to 
low-mass G-dwarfs with convective envelopes. The presence 
of diminishing abundances of Li in the a tmospheres of 
main-sequence stars on g radua l t ransi t ion to cooler stars is 
well k n o w n and has been studied by p h o t o g r a p h i c spectra. 
Cor respond ing to these measurements , a mode l of Li 
exhaust ion, caused by mixing of the envelope mat te r , has 
been constructed. Use of low-noise solid state p h o t o -
receivers revealed a 100-fold decrease of Li a b u n d a n c e as 
one moves from the G I V to the K I V spectral class; tha t is, 
the d rop of the intensity of the Li line proved to be much 
steeper t han tha t which would follow from the p h o t o -
graphical observat ions , and it was necessary to in t roduce 
an addi t iona l mechanism for Li exhaust ion in the course of 
the pre-main-sequence evolut ion. 

(b) Diffusion of Li and Be ions along the envelope radius. 
After the advent of C C D arrays sensitive in the ultraviolet 
spectral range it became possible to investigate tho rough ly 
the Li and Be abundances , and to compare them with the 
abundances of other elements. H a d it been found tha t the 
investigated F-dwarfs with Be deficit have also a surplus of 
N a and Si together with a deficit of M g , Ca, and Se, then 
in analogy with A m - and Fm-s ta r s , the exhaust ion of the 
light elements Li and Be in outer a tmospher ic layers could 
have been explained by processes of diffusion separat ion of 
elements. However , such peculiarit ies in the chemical 
composi t ion of stars with n o r m a l and low Be a b u n d a n c e 
have not been discovered. Thus , low Be and Li content is 
determined no t by the diffusion process, bu t ra ther by 
processes of global mixing which decrease the content of 
easily disrupted nuclei bu t keep cons tant the content of 
other elements. 

(c) Mixing depth in the envelope. Dwarfs from the galactic 
disc with a Be deficit have been found to have a large Li 
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deficit as well. Cases of unchanged p r imord ia l Li content 
and Be deficit are u n k n o w n . Nucle i of Be are effectively 
destroyed at a higher t empera tu re (3.5 x 10 6 K ) t han Li 
nuclei (2.5 x 10 6 K ) . Some cases are k n o w n in which the Li 
content decreased, whereas the Be a b u n d a n c e remained 
pr imord ia l ; tha t is, in these cases the mixing extends to 
layers where Li b u r n s out effectively, and Be does not . The 
ra te of bu rn ing out of 6 L i is two orders of magn i tude 
higher t han tha t of 7 L i . Thus , there is a s t rong possibility 
of s tudying processes of l i thium destruct ion on shorter t ime 
scales, or under a less effective mixing in the envelopes. 

(d) Change of Li content with the age and mass of the star. 
This p rob lem is being solved by spectroscopic observat ions 
of stars in open clusters of different ages. In the t ransi t ion 
to older disc clusters, one observes a shift of the low-
tempera tu re d rop NLi(Te) t oward regions of hot te r stars. In 
a n a r r o w t empera tu re interval near Te = 6600 K a dip in 
the concent ra t ion NLi is discovered in several open clusters. 
The existence of the dip and its depth depends on the age 
of the cluster; the dip is no t formed at stages earlier t h a n 
the main sequence. To explain the dip a diffusion 
mechanism was p roposed , which is less effective at the 
low- tempera ture pa r t of the NU(T^ curve because of 
mixing. At the h igh- tempera tu re pa r t of the NLi(Te) curve 
the diffusion mechanism has no t ime to create a significant 
Li deficit in the stellar a tmosphere dur ing the lifetime of the 
cluster. 

(e) Change of Li content change with the age of the 
protostellar matter. The complex pic ture of the dependence 
of Li content on the t empera tu re of the star strongly 
restricts the number of cluster member s whose spectra 
permit the de terminat ion of the protoste l lar content of Li. 
Stars located between the turn-off poin t and the Li dip 
were used to establish the dependence of the Li content in 
the protoste l lar mat te r on the age of the investigated 
cluster. It would appear tha t , in the galactic disc, synthesis 
of Li takes place; this Li pa r t does no t get destroyed in the 
stellar state and reaches the interstellar med ium from which 
younger stars are formed. 

(f) Synthesis of Li and Be nudei after formation of the 
galactic disc. Owing to the destruct ion of Li and Be nuclei 
by p ro tons , special condi t ions are needed for the fast 
t r anspor t a t ion of these nuclei from the zone of synthesis. 
The creat ion of light elements is possible at the front of a 
s t rong shock wave moving in the envelope of a 
supernova. Light elements are formed in the course of 
spallat ion of heavy nuclei when the part icle energy 
exceeds 2 M e V per nucleon inside the ion heat ing zone 
at the shock wave front. A substant ia l a m o u n t of 7 L i 
and n B isotopes is formed at the shock wave front, bu t 
only the 7 L i isotope is formed in the case of chemical 
abundances typical of Popu la t ion II stars. The most 
interest ing possibili ty is 7 L i synthesis dur ing explosions in 
novae . Observat ions indicate a significant enr ichment of 
mat te r expelled by novae in C, N , O, and N e , whereas 
models of fast novae with an initial solar 3 H e content 
give 7 L i enr ichment by m o r e t han 100 t imes. However , 
to explain the observed galactic 7 L i content requires 
either a s t rong increase in the ra te of novae explosions, 
or a 10-fold increase in 3 H e abundance , neither of which 
is confirmed by observat ions of the interstellar mat te r . 

(g) Role of spallation reactions on galactic cosmic rays. The 
sequence of cross sections of spallat ion react ions by 
p r o t o n s and a-particles on C, N , and O nuclei follows 
(with the exception of 7 L i ) the sequence of concent ra t ions 
of isotopes of Li, Be, and B. The t ime needed for the 
creat ion of the observed concent ra t ion of Be in the disc is 
comparab le with the lifetime of the Galaxy. These 
considera t ions underl ie a mode l of the format ion of Li, 
Be, and B nuclei in the spallat ion react ions of galactic 
cosmic rays ( G C R ) . A n impor t an t element of the mode l is 
the assumpt ion of cons tancy of bo th the G C R flux and the 
spectrum on timescales of 1 0 1 0 years. A n observa t ional test 
of the mode l is provided by the s tudy of the 6 L i / 7 L i 
isotopic ra t io . This requires use of the limiting spectral 
resolut ion (R > 1 0 5 ) . Studies of the a tmospheres of br ight 
dwarfs and subdwarfs , as well as inter-stellar mat te r 
spectroscopy, showed tha t 6 L i / 7 L i < 0.1, whereas the 
spallat ion mode l gives 6 L i / 7 L i = 0.5. Therefore, we mus t 
look for other reasons to explain 7 L i format ion. Wi th the 
increasing number of measurements of Be content in the 
a tmospheres of the oldest galactic stars, new quest ions have 
arisen. Firs t , the Be content depends linearly on the oxygen 
content , whereas the mode l of Be p roduc t ion by the 
spallat ion react ions on G C R gives a quadra t i c dependence. 
Second, the observed rat io is NQ/NQe = 5, which is in 
contras t to the NQ/NQe = 15 given by the spallat ion model . 
Third , if one adop t s the G C R produc t ion of Be, then the 
observed 7 L i / B e rat io does no t ma tch the theoret ical one, 
^ L i / ^ B e — 1 0 ~ [ F e / H l T h u s some doub t s are cast on the 
classical mode l of the synthesis of light nuclei by G C R s . A 
weak poin t of the mode l is the assumpt ion tha t the 
spectrum of G C R s at the t ime of format ion of the Ga laxy 
is the same as tha t observed at present . The mode l can be 
still m a d e to work if one increases the p ropo r t i on of h igh-
energy G C R s (E > 200 M e V ) in the early Galaxy. 

(h) Estimates of relic lithium content. A diversity of Li 
contents in stellar a tmospheres is observed in the galactic 
disc. F o r the older popu la t ion of the halo with 
[Fe/H] < —1.5, a cons tant value of Li a b u n d a n c e is 
typical. Stars with t empera tu res less t han 5500 K are an 
exception, because in these stars Li is destroyed dur ing the 
billions of years of the s u b d w a r f s lifetime th rough mixing 
of the envelope with layers where the pp-cycle occurs. 
There are two ways of est imating the p r imord ia l Li 
concent ra t ion . Firs t , one can adop t as a cosmological 
value the a tmospher ic Li content observed in subdwarfs , 
NLi = 1.2 x 1 0 _ 1 0 A ^ H . The density of ba ryons in the 
s t andard h o m o g e n e o u s mode l ob ta ined with this value, 
coincides with the densities determined from deuter ium and 
hel ium. All these densities are too small to close the 
Universe by nucleons . Second, one can accept as a lower 
limit to the cosmological value the a tmospher ic Li content 
in y o u n g dwarfs from the galactic disc, NLi = 10_ 9A/^H, and 
then suppose tha t the greater pa r t of Li is a l ready 
destroyed in older objects. This idea is further suppor ted 
by the fact tha t the mechanisms of Li destruct ion and its 
r emova l from the a tmosphere are well worked out ; 
however , no effective ways of Li content enhancement 
by an order of magn i tude in the t ransi t ion from halo to 
disc are k n o w n . 

(i) Problem of determination of the relic Be content. Li 
nuclei are destroyed faster t han Be nuclei. The indepen-
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dence of Li content from the age of subdwarfs m a y imply 
tha t there was no t enough t ime for a substant ia l a m o u n t of 
the Li nuclei to be destroyed. Then , Be nuclei in the same 
a tmospheres would also no t have been destroyed; tha t is, 
there is in principle a possibili ty tha t the protoste l lar , 
p r imord ia l Be a b u n d a n c e could be measured . The first 
est imate of Be content in subdwar f a tmospheres was m a d e 
by means of I U E observat ions and is NQe < 3 x 10 _ 1 2 A/^ H . 
After an echelle-spectrograph with a two-dimens iona l 
p h o t o n counter had been a t tached to the CoudeO" focus 
of the A A T telescope, the first g round-based high-precision 
observat ions of the Be II line A3130 A were made . In 
contras t to the Li case, the Be content at low metallicities 
did no t to flatten out , bu t instead decreased monoton ica l ly 
as the metallicity decreased (age increased) to a min imal 
value NQe = 10 _ 1 3 A/^ H . The a b u n d a n c e of Be calculated in 
the f ramework of a s t andard h o m o g e n e o u s mode l of the 
Big Bang is NQe = lO~mNR and is much below current 
observa t ional capabilit ies. 

(j) Primordial nucleosynthesis with inhomogeneous density 
distribution. Observa t iona l da ta on the p r imord ia l a b u n ­
dance of the light elements 2 H , 3 H e , 4 H e , 7 L i are in good 
agreement with the predic t ions of the s t andard Big Bang 
nucleosynthesis model . One of the basic assumpt ions of the 
s t andard mode l is a h o m o g e n e o u s mat te r dis t r ibut ion. If 
one admi ts the existence of density f luctuat ions in the very 
early Universe , addi t iona l nucleosynthesis is possible in 
high-densi ty regions because of unequa l diffusion of 
p r o t o n s and neu t rons . A Be content three orders of 
magn i tude higher t han tha t given by the s t andard Big 
Bang mode l is predicted. W h e n al lowance is m a d e for the 
reverse diffusion of neu t rons into regions rich in p ro tons , 
the aforement ioned discrepancy in Be a b u n d a n c e between 
h o m o g e n e o u s and inhomogeneous models diminishes. In 
analogy with the Li p la teau, which p robab ly indicates a 
cosmological Li content , when metallicity reaches some 
min imum value a Be p la teau should set in; this allows us 
to measure the cosmological content of Be. Tha t is why 
observing the resonance doublet Be II A3130 A in the 
spectra of subdwarfs is n o w one of the mos t impor t an t 
spectroscopic tasks relat ing to the p rob lem of p r imord ia l 
density f luctuat ions. 

As key observat ional p r o g r a m m e s we consider: (i) 
measur ing the isotope 6 L i / 7 L i ra t io in stars and in 
interstellar mat te r , (ii) precisely determining the average 
value of 7 L i content in the a tmospheres of the oldest halo 
stars, and (iii) large-scale de te rmina t ions of Be content in 
subdwar f a tmospheres . 

The main characterist ics of the spectral facilities of the 
first generat ion (spectral resolut ion, efficiency of light 
receivers, spectral range) with which the 6 m telescope 
has been equipped in the second half of the seventies do no t 
satisfy any of the requi rements for the listed key p r o ­
g rammes to be successfully carried out . A new complex of 
high-resolut ion spectral facilities fitted with domest ic C C D 
ar rays has been developed, manufac tured , and used in the 
Special Ast rophysica l Observa tory of the Russ ian Academy 
of Sciences in 1989 — 1992. It conta ins : 

(1) A n echelle spectrometer in the CoudeO"focus of the 
1 m telescope (max imum spectral resolut ion R = 1.5 x 10 5 ) . 
It is used for the de terminat ion of the 6 L i / 7 L i i sotope rat io 
in the a tmospheres of br ight stars and in the interstellar 
med ium. 

(2) A n echelle spectrometer in the N a s m i t h focus of the 
6 m telescope (R = 2.5 x 10 1 4 ) . It is used for large-scale 
measurements of the Li content in a tmospheres of the oldest 
nonevolved stars in the Galaxy. A n u m b e r of old halo stars 
was studied, which m a d e it possible to reduce the error in 
de terminat ion of the p r imord ia l 7 L i content . In addi t ion to 
the Li content , we used the me thod of a tmosphere models 
for determining the content of a further 20 chemical 
elements synthesised by fundamental ly different processes. 

In contras t to the observat ions of the resonance double t 
Li I A6707 A, observat ions of the resonance doublet Be II 
A3130 A are very difficult. Firs t , subdwarfs are less 
luminous in this spectral range than in the red b a n d ; 
second, ozone absorp t ion is of the order of one-and-a -
half magn i tudes here; third, there is the p rob lem of having 
an adequa te light receiver (one needs a C C D sensitive in the 
ul t raviolet) ; fourth, the spectrometer mus t have a good 
ultraviolet t r ansparency (all fast spectrometers have, as a 
rule, been designed for the range A > 3300 — 3600 A) . To 
overr ide these difficulties, we designed and manufac tu red 
an echelle spectrometer for the p r imary focus of the 6 m 
telescope (R = 5 x 10 4 ) . The device is intended for studies 
of Be a b u n d a n c e in the a tmospheres of subdwarfs , as well 
as for de terminat ion of the Li content of stars and of the 
interstellar mat te r . 

All the above spectrometers can be used for solving 
m a n y other spectroscopic p rob lems . 
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PACS numbers: 97.60.Jd; 97.60.Lf; 97.30.-b; 97.30.Nr 

Investigations of relativistic and 
rapidly varying objects with high 
temporal resolution 
G M Besk in , S N M i t r o n o v a , S I Ne izves tny i , 
V L P l o k h o t n i c h e n k o , M Y u P o p o v a 

1. Introduction 
A major p r o g r a m m e searching for and s tudying the 
variabil i ty of diverse types of as t rophysical objects on 
t ime scales rang ing from 10~ 7 to 10 2 s, called the 
' M A N I Y a exper iment ' (mul t ichannel analysis of n a n o ­
second br ightness variabil i ty), has been pursued by the 
Special Ast rophysica l Observa tory of the Russ ian Academy 
of Sciences since 1972. 

Brightness var ia t ions of this k ind are caused by n o n -
s ta t ionary energy- t ransformat ion processes occurr ing in the 
s t rong gravi ta t ional a n d / o r magnet ic field of neu t ron stars 
and black holes (single or in b ina ry systems), in white 
dwarfs, and in active regions on the surface of flare stars. 
High- tempora l - reso lu t ion observat ions of these objects 
permit one to d r aw conclusions abou t their physical 
proper t ies , as well as abou t their interact ion with accreting 
p lasma. P h o t o m e t r y with 10~ 7 s t empora l resolut ion serves 
as the main tool . The observat ions are being m a d e in two 
spectral U B V R - b a n d s synchronously (in only one b a n d 
pr ior to 1992) by means of a pho ton -coun t ing pho tome te r 
a t tached to one of the foci of the 6 m telescope, a ' t ime-
code ' converter ( ' K v a n t o k h r o n ' ) , and an AT-386 P C . The 
equipment allows one to measure the arr ival t imes of 
individual p h o t o n s with an accuracy of ± 2 0 ns; series of 
such events are then analysed by different statistical 
me thods . The equipment and data-process ing m e t h o d s 
are described in Refs [1-3]. 

It should be emphasised tha t the original concept of the 
experiment was e laborated by V F Shvar t sman [4]; he 
directed the const ruct ion of the equipment and the 
development of a lgor i thms for periodici ty searches. Since 
his dea th in 1987, co l labora tors of the group founded by 
him have cont inued studies according to his p r o g r a m m e . 

Some results of the quest for and studies of 
relativistic and rapidly varying objects, which were 
m a d e with the h igh- temporal - resolut ion 6 m telescope, 
are presented below. 

2. The search for single stellar-mass black holes 
In 1971 Shvar t sman showed tha t a luminous aureole 
p roduced by an accreting gas must be formed a r o u n d a 
single black hole of stellar mass [5]. N o lines are visible in 
the spectrum of the aureole, with the m a x i m u m energy 
ou tpu t falling into the optical spectral range . The intensity 
of the rad ia t ion of the p lasma accreting on to the black hole 
must change on a characterist ic t ime scale of 
T ~ r g / c ~ 1 0 - 5 s. The last p rope r ty is a critical feature 
for the identification of an object as a black hole. 

A r o u n d 200 objects wi thout lines in their spectra were 
selected. Some of them lie close to the Sun ( < 200 pc) and 
are n o w identified as h igh-proper -mot ion DC-dwar f s . 
Ano the r type of b lack-hole candidates , the so-called R O C O Ss, 
are star-like radio sources with con t inuum optical spectra. 

A to ta l of 20 DC-dwar f s and 20 R O C O S s were studied 
in 1980-1987 . In no cases was the 1 0 " 6 - 10 2 s variabil i ty 
detected [6,7]. 

Lack of black holes a m o n g the observed 20 DC-dwar f s 
yields an upper limit of the p ropo r t i on of black holes 
relative to o rd inary stars in the vicinity of the Sun of 
5 x 10~ 4 . This value is close to the p ropo r t i on of stars with 
masses higher t han 3 O M 0 . 

3. Studies of pulsars 
3.1 Analysis of the Crab pulsar light curve 
A series of observat ions of the pulsar PSR 0532 + 21 in the 
R - b a n d were performed in 1986. A b o u t 2 million p h o t o n s 
from the pulsar were detected. U s e of a stabilised reference 
signal, after convolut ion of the da ta with topocent r ic 
per iod determined by this signal, permi t ted us to ob ta in 
the light curve with a resolut ion of 3.3 |is [8]. The top of the 
main pulse is flat; its dura t ion at a 90% level is 230 |is (Fig. 
1). The main pulse shows no fine s t ructure, the upper limit 
for its relative ampl i tude being 10% at 3.3 |is. On the other 
hand , the ampl i tudes of sporadic spikes with dura t ions 
ranging from 5 x 10~ 7 to 6 x 10~ 5 s do no t exceed 6% and 
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Figure 1. (a) Top of light curve of the PSR 0532 + 21 with resolution of 3.3 
\is. (b) Normalised residuals between the light curve and its 
approximation by splines. 
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18%, respectively. Therefore, the characterist ics of part icles 
and magnet ic fields in the zone where optical emission is 
generated are very stable and homogeneous . 

3.2 The search for optical emission from millisecond 
pulsars 
W e studied the first millisecond pulsar , PSR 1937 + 2 1 , 
with a per iod of 1.56 ms, and a b inary millisecond pulsar , 
PSR 1953 + 29, with a per iod of 6.1 ms. Observat ions were 
m a d e in white light with the use of 4.5 in and 7 in 
d iaphragms . The d i aph ragms were aimed by means of the 
radio coord ina tes of the objects, several million p h o t o n s 
having been collected from each pulsar . Per iods were 
searched for with the help of a special p r o g r a m mak ing use 
of the precalculated topocent r ic values. A r o u n d 500 trial 
per iods were used. After convolut ion of the da ta , no 
significant deviat ions from the Poisson dispersion were 
obta ined. Therefore, the opt ical magn i tude of neither 
pulsar exceeds 2 6 . 5 - 2 7 [9]. 

4. Studies of flare stars of UV Ceti type 
In 1983 — 1986 several observat ional runs of red dwarfs U V 
Ceti, C N Leo, Wol f 424, and V577 M o n were performed. 
In to ta l , m o r e t han 100 flashes were detected with t empora l 
resolut ion 5 x 10~ 7 s. Statistical analysis of the da ta 
showed tha t the dura t ion of the forward front of 90% 
of the flashes is less t han 10 s; in four cases the br ightness 
increased over 0.3 —0.8 s (Fig. 2); the dura t ion of the light-
curve features at the m a x i m u m and at the decline of 

o 

intensity is k n o w n to exceed 0.5 s; in all the flashes no fine 
s t ructure on t ime scales 10~ 6 — 1 0 _ 1 s was detected. The 
min imal dura t ions of the forward fronts of the flashes 
agree well with est imates derived from a the rmal gasdy-
namic mode l [10]. All our results confirm the the rmal n a t u r e 
of flashes on red-dwar f stars. 

5. Studies of low-mass x-ray binaries 
The observa t ional appearance of accreting p lasma is mos t 
p ronounced in this class of objects ( ' i l luminat ion ' due to 
the n o r m a l star is low). Since 1983 we have observed 
approximate ly 10 such systems, and the studies cont inue. 
The most interest ing results were obta ined for two x-ray 
N o v a e , A0620-00 (Nova M o n 1975) and G R O J0422 + 32 
(Nova Per 1992) [11, 12]. 

Several flashes with dura t ions of 0.5—5 ms and forward 
front dura t ions of 0.1 — 1 ms were detected for the first object 
(F ig. 3). Tak ing into account tha t A06200-00 lies at a distance 
of 1 kpc from the Sun and tha t its magn i tude is abou t 18, one 
can easily obta in a lower limit for the br ightness t empera tu re 
in the generat ion zone of the flashes of the order 10 8 — 1 0 1 0 K . 
Thus , the detected flashes have a n o n t h e r m a l origin. 
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Figure 3. Ultrashort bursts of A0620-00. 

Figure 2. Light curves of bursts with leading front duration less than 1 s. 

G R O J0422 + 3 2 was observed at different phases , when 
its br ightness decreased from abou t magn i tude 14, soon 
after the m a x i m u m , to magn i tude 18 near the min imum, 
spanning over 2 years (1992 — 1993). The object intensity at 
the br ight phase (less t h a n magn i tude 15.5) changes on t ime 
scales of 10~ 2 — 10 2 s with ampl i tudes of magn i tude 1—2. 
N o t e tha t the f luctuat ions show a stochast ic character 
wi thout regular componen t s . Brightness t empera tu res 
cor responding to the shortest flashes exceed 10 8 K (for 
distances > 2 kpc), which implies tha t we are dealing with 
n o n t h e r m a l processes. 

The results of observat ions of A0620-00 and G R O 
J0422 + 32 provide evidence for deviat ions, in some 
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cases, from a classical disc model . Moreover , in the case of 
G R O J0422 + 32 we seem to observe a fragmented accretion 
s t ructure. 

6. Conclusions 
F u t u r e advances in the s tudy of as t rophysical sources with 
high t empora l resolut ion depend in m a n y respects on the 
const ruct ion of a new type of coordinate-sensi t ive detec-tor 
(CSD) with high spatial (50 um) and t empora l (1 |is) 
resolut ions. The use of such systems would permit the 
detection limits of fast br ightness var ia t ions to be improved 
by magn i tude 2 — 3. In other words , one would be able to 
detect optical pulsars with as low a br ightness as magn i tude 
28 — 29 and to search for black holes a m o n g magn i tude 
20 - 21 objects. 

Nex t in line are searches for black holes in zones with an 
enhanced density of interstellar mat te r and for pulsa t ing 
emission from young supernova r e m n a n t s in the nea rby 
galaxies, synchronous mul t ichannel observat ions of the 
Crab pulsar , and observat ions of optical flashes from 
x-ray burs ters . 
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PACS numbers: 97 .82 .+k; 97.60.Gb 

Discovery of a planetary system 
around PSR 0329+ 54 
T V S h a b a n o v a 

Planets outs ide the solar system are very difficult to 
discover owing to their weak influence on the central star 
posi t ion. The orbi ta l radia l velocity of a star tha t has a 
planet can be jus t a few cm s _ 1 . A velocity tha t small can 

be observed only by s tudying the orbi ta l velocity of sources 
with stable pulsa t ing per iods , which rad iopulsars pr imari ly 
are. The presence of a planet is discovered by observing the 
Dopple r - induced modu la t i on of the arr ival t imes of the 
pulsar signals, caused by the orbi ta l mot ion of the pulsar 
a r o u n d the c o m m o n centre of mass . 

M o r e t han 600 pulsars are k n o w n at present , and only 
a r o u n d one (the millisecond pulsar PSR 1257 + 12) has a 
p lane ta ry system been discovered [1]. In this paper the 
discovery of a planet a r o u n d PSR 0329 + 54 is repor ted . The 
planet has a mass of abou t 2ME (where ME is the mass of 
the Ea r th ) and moves a r o u n d the pulsar once every 16.8 
years a long an eccentric orbit (e= 0.2) at a dis tance of 7.3 
A U . PSR 0329 + 54 is thus the second pulsar for which a 
p lane ta ry system has been discovered. 

The result on the orbi ta l mo t ion of PSR 0329 + 5 4 was 
obta ined by analysing the observat ions with a precise t ime 
reference. This work was performed in Pushchino from 
1979 to J a n u a r y 1994 with the use of the BSA an tenna at a 
frequency 102.5 M H z , and by analysing the publ ished da ta 
of D o w n s and Reichley, and D o w n s and Krouse-Pols tor f f 
(hereafter D R and D K ) obta ined in 1 9 6 8 - 1 9 8 2 at a 
frequency of 2388 M H z [2, 3]. 

The Pushchino observat ions were m a d e with a mul t i ­
channel rad iometer (32 x 20 kHz) with a to ta l t rans-mission 
b a n d of 640 k H z and t ime cons tant of 3 ms. The da ta 
acquisi t ion interval was 2.5 ms. The mean pulse in one 
observat ion was obta ined by summat ion ( synchronous with 
the pulsar per iod) of 520 individual pulses registered as the 
pulsar crossed the an tenna beam. The t ime of arr ival of the 
pulse was measured at max imal values of the cross-
correlat ion function calculated between the mean pulse 
in one observat ional run and a reference profile. The 
reference profile was derived by averaging 7300 separate 
pulses. The accuracy of the de terminat ion of the t ime of 
arr ival was 30—100 |is. 

Analysis of the t imes of arr ival of the pulses from the 
PSR 0329 + 54 was performed with the use of a unified da ta 
array, which included bo th the da ta obta ined at Pushchino 
at 102.5 M H z , and those publ ished by D R and D K and 
obta ined at 2388 M H z . The t imes of arr ival of the pulses 
were adjusted with respect to the Solar System barycent re 
with the aid of the JPL D E 2 0 0 ephemeris [4] and pulser 
coordina tes [2], and then were recalculated to an infinitively 
large frequency to exclude the dependence of the t imes of 
arr ival on the frequency of observat ion. The unified da ta 
a r ray comprised 790 po in t s dis tr ibuted over a 25-year 
per iod from September 1968 to J a n u a r y 1994. N o deter­
mina t ion of the pu lsa r ' s coord ina te and p roper mot ion was 
made . 

The da ta were processed as follows. Wi th the use of 
initial values of the per iod, P, and its derivative, P, the t imes 
of arrival of the pulses were precalculated and t ime 
residuals (the differences between the observed and p re ­
calculated t imes of arrival) were est imated, which were used 
further to determine correct ions to the initial values of the 
pa ramete r s . After tha t , the t imes of arr ival were calculated 
once more , bu t n o w with the use of the corrected values of 
the pa ramete r s , and then the t ime residuals were calculated 
(the pos t - approx ima t ion residuals). The approx imat ing 
po lynomia l had the form 

<p(t) = cp0 + v(t v(t - t0f +\v(t- t0)3 , 
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Figure 1. Time residuals of time of arrival of pulses from PSR 0329 + 54 after subtraction of (a) the polynomial with P, P, P, and ( b ) the polynomial with 
P, P, P, and orbital motion parameters. Time in Julian days is plotted along the x-axis, the residuals (in ms) are shown along the y-axis. 

where (p0 is the initial phase , v = l/P is the pulsar r o t a ­
t ional frequency, v = —P/P2 and v = —P/P2 are its two 
leading derivatives, and t$ is the t ime of arr ival of the first 
pulse. 

The pos t - approx ima t ion residuals are shown in Fig. l a . 
T ime measured in Jul ian days is p lot ted a long the x-axis, 
the residuals (in ms) are shown a long the y-axis. The a r row 
m a r k s the meet ing poin t of the two da ta arrays . The 2388 
M H z D R and D K da ta lie to the left of the a r row, whereas 
the 102.5 M H z Pushchino da ta lie to the right of the ar row. 
Fig. l a shows h o w smooth ly one da ta a r ray changes into 
another . 

The pos t - approx ima t ion residuals are fitted by a 
sinusoidal curve and 1.5 cycles are seen over the 25-year 
interval of observat ions . The sinusoidal shape of the 
residuals suggest an orbi ta l mot ion for the pulsar . The 
PSR 0329 + 54 seems no t to be a single star, bu t has a 
secondary componen t orbi t ing the neu t ron star seen as the 
pulsar , and we observe Dopp le r modu la t i on of the t imes of 
arr ival owing to the mo t ion of the pulser a r o u n d the 
c o m m o n barycent re of the system. The asymmetry of 
the residual curve implies an eccentric orbit . The p a r a ­
meters of the b inary system orbit were obta ined by add ing 
to the barycentr ic t imes of arr ival a po lynomia l conta in ing 

the orbi ta l pa ramete r s , in addi t ion to P, P, and P. See Refs 
[5-7] for a detailed discussion of the me thods . 

Solving the system of 9 equa t ions by the least-squares 
me thod yielded the initial pulse phase , the ro ta t iona l 
frequency and its two leading derivatives (<p0, v, v, v ) , 
and the classic Kepler ian elements of the orbit : the 
project ion of the semimajor axis on to the line of 
sight, a s in/ ; eccentricity, e; orbi ta l per iod, Ph; per ias t ron 
longi tude, co; and per ias t ron passage t ime, T0. The 
obta ined pa rame te r s are shown in Table 1. The errors 
are equal to two rms errors obta ined in the least-squares 
solut ion to the system of equat ions . Fig. lb shows the 

Table 1. Parameters of the PSR 0329 + 54 planetary system. 

Pulsar period, P/s 0.714518572619 (10) 
First derivative of period, 1 0 1 5 P 2. 04934 (6) 
Second derivative of period, P / 1 0 _ 2 7 s _ 1 - 2 . 49 (12) 
Epoch / JED 2 440 105.73037 
Semimajor axis projection, (a sin i)/s 0.0178 (4) 
Orbital period, Pb/e days 6140 (50) 
Eccentricity, e 0.213 (16) 
Periastron longitude, co/deg 268 (3) 
Periastron passage time T/ JED 2 441 011 (60) 
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Figure 2. The solid line shows the approximation of time residuals by the calculated modulation of times of arrival by the pulsar 's orbital motion with 
parameters from Table 1. 

residuals which remained after the Dopp le r modu la t i on 
with the found orbi ta l pa rame te r s has been subtracted 
from the t imes of arrival. Fig . 2 shows h o w well the 
calculated orbi ta l modu la t i on curve (solid line) fits the 
observa t ional da ta . Orbi ta l phase is p lot ted a long the x-
axis. 

In the post-fit residuals (Fig. l b ) one can discern a 
weaker modu la t i on with an ampl i tude of ~ 1 ms and a 
much smaller per iod of ~ 1105 days. The modu la t i on is 
clearly seen in the first pa r t of the D R da ta ; then the pic ture 
smears out somewhat . In the da ta of Pushchino 1982—1986 
and 1991 — 1994 the modu la t ion is no t seen, p robab ly 
because of equipment effects. The obta ined 1105-day 
periodici ty is no t a new one. It was repor ted to be present 
in the post-fit residuals by Demiansk i and Proszynski [8], 
which they connected to the possible existence of a low-
mass planet . The interval of their analysis is ma rked in Fig. 
l b . Analysis of the D R da ta of Cordes and D o w n s [9] did 
no t confirm this periodicity. I ts existence was no ted later in 
Ref. [10]. It is clearly seen and p ronounced in the first pa r t 
of the D R da ta presented in Fig . lb only after subtrac t ion 
of the orbi ta l s inusoidal modu la t i on with the 6140-day 
per iod. Should the 1105-day periodici ty remain in the 
subsequent observat ions , it can be related to the orbi ta l 
mo t ion of a second planet ; other in terpre ta t ions , however , 
are not excluded. 

By connect ing the 6140-day periodici ty with the orbi ta l 
mot ion , one can est imate the pa rame te r s of the p lane ta ry 
system. The mass function cor responding to the orbi ta l 
pa rame te r s from Table 1 is 

(m c sin if 

(m p + m c ) 2 

4 T T 2 (ap sin i)3 

~G 

/ ( m p ) = 0 . 1 4 x 1 O - 1 5 M 0 . 

He re m p and m c are the masses of the pulsar and its 
compan ion , respectively, G is the N e w t o n i a n gravi ta t ional 
constant , and / is the inclination angle of the orbi ta l p lane. 
By adop t ing m p = 1 . 4 M 0 for the pulsar mass , one can 

est imate the min imal mass of the compan ion . The est imates 
have been m a d e for the case / = 90° (sin / = 1) 

mr sin / = 6.5 x 10 Mr. :2MT 

tha t is, the compan ion has a p lane ta ry mass . 
One can est imate the p l ane t ' s semimajor axis t h rough 

the use of the k n o w n orbi ta l per iod and the mass of the 
neu t ron star: 

\G(mp+mc)P2

h-}1/3 

4n2 
1 x 1 0 1 2 m 

1 x 10 y k m = 7.3 A U « 0.7 R 

The size of the orbit is only slightly less t han the size of 
Sa tu rn ' s orbit a r o u n d the Sun. 

A quest ion connected with the existence of a planet 
a r o u n d a pulsar is tha t of the p l ane t ' s survival at var ious 
stages of the pu l sa r ' s evolution, and especially dur ing 
supernova explosion. The existence of p lanets a r o u n d 
millisecond pulsars is easier to unde r s t and from a theore t ­
ical poin t of view since such pulsars are t hough t to have 
been su r rounded by accretion discs, from which p lanets 
could have been formed. In the case of o rd inary pulsars 
with 1 s per iods it is especially h a rd to explain h o w the 
planet survives the supernova explosion. However , for the 
planet in the long- per iod 6140-day orbit with not iceable 
eccentricity this probabi l i ty could be quite high. 
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