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A case is dcscrihed of f l u x  increase of heavy n u c l e i  ( Z  I S )  i n  the 
coniposition of cosmic rays registcred on 23 - 74 t:cbruary 1964 on ELEKTRON-2 
siiniilttuieously with the  detection by the Geiger counters of the same M S  of  
burs t s  of Sun's X-ray radiat ion.  
flus increase of nuclei  w i t h  Z > 2 ,  Z > 5 and of the proton component was 
obscrvcd. 
of nuclei  fluxes and X-ray bursts;  it was found t o  be I.5*IO-5. This leads 
t o  the assumption about a case of generation of nuclei  i n  the Sun, with the 
escape bcyond the limits of so l a r  atmosphere of mostly heavy nuclei  and of X-ray 
brcriunstrahling of e lectrons.  

During the period indicated no notable 

'I'hc poss ib i l i t y  is evaluated of random coincidence i n  the increases 

* 
* * 

I! serics of cases were regis tered during the l a s t  decade of so l a r  cosmic 
raj, gcncratioii during powerful chromospheric f l a r e s  (c lass  3, 3') [I , 2 ] .  
Ana 1!.s is of thc c;iscs, when simultaneous measurements wer conducted of fluxes 
d i  l-icring 
t ivc  , i lw i t lamx of particles w i t h  different chargc r c f l c c t s  tha t  of the corres- 
poncling clc~nciits in the Siui [ ? I .  
t h c  mcchaiiisiii of preferred acceleration of heavy nuclei ,  brought for th  i n  [3] , 
is not o p c n t i o n a l  in the Sun. 

the chargc of so la r  cosniic ray components, has shown tha t  the rela- 

I t  seems tha t  t h i s  points  t o  the f a c t  t ha t  

Ilowcvcr, during the f l i g h t  of Soviet cosmic rockets i n  1959-1960 snort-  
1 ivcd intensity increases of prcferal3ly heavy nuclei  could bc observed f o r  the 
first tinic 141. I n  these cases the f lux  of protons did not prac t ica l ly  vary. 
Sinijlar c:iws were a l so  observed on Illcktron-2, pa r t  of which being attended 
I>!- bursts  of s o l a r  X-ray radiat ion[5J.  

(*) S1,lJCl IAY (;INEIU\TSIl TYAZIELYN I YhllER NA SOLNTSE 
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Observations on AEiS Elektron-I and - 2  allowed us t o  de tec t  a l so  more pro- 
longed preferred increases of  fluxes of heavy nucle i ,  w i t h  duration from a few 
hours t o  several  days; one of these cases is  described below (see a l s o  r e f . [ 6 ] ) .  
AS f o r  the case of shor t - l ived  increases, the preferred in t ens i ty  increase of 
heavy nuclei  w i t h  charge Z + I S  I 20 is cha rac t e r i s t i c  here too. 

Considered i n  the  present work is the increase of the f lux  of nuclei  re-  
q i s te red  on Elcktron-2 on 23 February 1964. 
with Z 2 I S  rise by 42 *I4% by comparison with t h e  value of 20 February (Fig.1). 
The possible  increase in  fluxes of nuclei  with z >,.! and z 
beyond the l i m i t s  of s t a t i s t i c a l  measurement e r ro r s .  
noted i n  the  proton component of cosmic rays e i t h e r  [7]. 
considered is  characterized by s igni f icant  leve l  of s o l a r  a c t i v i t y ,  of which 
the cha rnc tc r i s t i c s  a re  shown i n  Fi!T.I. The bulk of so l a r  a c t i v i t y  events i n  
t h a t  period was linked with the  radioemitting region R-7161 [8] .  
appeared i n  t h a t  region on 2 1  February and, developing rapidly,  they occupied 
more than 500 mil l ionth f rac t ions  of so l a r  hemisphere. 
spheric  f l a r e s  i n  the period 2 1  - 26 February were prec ise ly  observed i n  t h a t  
region. Ejections of matter were observed i n  it on 2 3  February [8].  

On tha t  day the f lux  of nuclei  

d id  not then go 

Note tha t  the period 
No notable e f f ec t  was 

The spots  

Most of  the chromo- 

Thercfore, February 23rd and the adjacent days were most so la r ly-ac t ive  
of the period under consideration, which provides the basis  t o  assume t h a t  the 
incrcase i n  t h e  f lux  of nuclei  regis tered on the 23rd is linked with t h e i r  gene- 
r a t ion  in  the Sun during t h i s  time period. 

Attention is drawn by the substant ia l  general increase i n  the f lux  of X-ray 
ruid radioemission i n  the neighborhood of 23 February [9]. 
bccn a l so  noted by American researchers [IO]. Besides, a s e r i e s  of burs t s  of 
X-ray rad ia t ion  were regis tered on 23 - 24 February by both the X-ray device of 
Elcktron-2 [9] and the photometers of the American s a t e l l i t e  *SR-IV1 [IO]. 
Taking t h i s  i n t o  account it appears t o  be of i n t e r e s t  t o  examine the "fine" 
s t ruc tu re  of f l u x  increase of heavy nucle i  on 23 - 24 February (Fig.2). 
be seen from t h a t  f igure  t h a t  the Cerenkov counter of Elektron-2 reg is te red  on 
these days several  separate  f lux  rises of nuclei  with Z > , I S .  
crcascs whose magnitude egresses beyond the limits of one o r  several  e r ro r s  of 
measurements, a r e  denoted i n  the figure by numbers I - VIII. For example, the 
rise I1 emerges beyond the limits of three statist ical  e r ro r s ,  whereas the value 
of the case I egresses only beyond the l i m i t s  of one e r ro r .  This is why it is  
ncccss;tl-!- t o  bring fo r th  estimates character i  zing the probabi l i ty  of appearance 
of these incrcnscs as  a consequcnce of s t a t i s t i c a l  f luc tua t ions .  The numbers 
shown in thc f i g u r e  near the cases of increases correspond t o  t h e  probabi l i ty  
of nppcarancc pcr un i t  of time (minute) for each case separately.  Then, taking 
in to  account t h a t  the t o t a l  observation time (23 - 24 February) was AT, = 2640 
minutes, we s h a l l  obtain t h a t  about I - 3 cases of type- I1 - V I 1 1  increases 
fo r  the period considered should be expected t o  be manifestations of statist ical  
f luc tua t ions ,  
t ics is equal t o  the  product of probabili ty density by the t o t a l  observation 
time AT,).  

This increase has 

I t  may 

The cases of i n -  

(The expected number of cases of increases according t o  s t a t i s -  

Tic probabi l i ty  of reg is t ra t ion  of a l l  cases of increases (I-VIII)  on 
account of f luc tua t ions  a t  A T i  = 2640 min w i l l  cons t i tu te  5.10-2. This 
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quant i ty  was computed by the  formula 

where P I ,  P i i ,  ... PVIII- computed i n  the assumpticn of v a l i d i t y  of the Poisons' 
d i s t r ibu t ion  [ I 2 1  , CNm - is  the number of coincidences from N by m is equal t o  
the  number of regis tered increases,  and N = mATi/At (At - being the time 
taken by the cases of r i s e s ) .  In our case m = 8 ,N = 96. Then 

f 3.2 * 10 J l,o * 10-2 . l,o . IO-' = 5 . 10-J. 

Therefore, it is  possible t o  assume tha t  a t  l e a s t  some of the observed 
increases a re  not the consequences of s t a t i s t i c a l  f luc tua t ions .  
is, moreover, straightened by the  fac t  t h a t  some of the flux increases of the 
nucleus overlapped with bursts  of  X-ray emission (cases I ,  11, 111, I V ,  VII) . 
However, inasmuch as during the time period considered several  X-ray bursts  
were observed (which can be seen i n  Fig.2),  estimates for  random coincidences 
i n  the  r i s e s  of f luxes of nuclei  with Z > - I 5  with X-ray burs t s  ought therefore 
t o  bc brought. fo r th  too. 

This assumption 

The nuniber of random coincidences was estimated by the formula 
~l',-~, = I / I * I / . ~ ( T ~ +  .tz)ATiA 

where nl  is the number of rises (of spec i f i c  type) i n  the  flux of nuclei  
w i t h  Z 15 per time un i t  (a minute), n2 is the number of corresponding burs t s  
of Sun 5 X-ray emission per same time u n i t ,  T; 
was taken the  time of nonsimultanity of the beginning of the r i s e  i n  the f lux  
oC nucle i  with Z 2/15 and of the  X-ray burs t ,   AT^ = 2640 min ( i . e . ,  the  obser- 
va t  io11 tirile of 2 3  t o  24 February). 

T: - -  is the time, f o r  which 

For szbscqucnt calculat ions i t  should be taken i n t o  account t h a t  i n  the 
coursc of the t o t a l  r eg i s t r a t ion  time of the f lux of  nuc le i  with Z 3 1 5  (data 
of RES "I~Iektron-2"), AT, = 29400 min, eleven cases were observed of type I1 
rises, seventeen cases of type 111, eighteen cases of type I V  and fourteen 
c';iscs O C  type V I I .  
period 2.3 - 24 February ( i . ~ . ,  cl~i1-iiig the  time AT1 = 2640 min) was 1 2 .  Then 
Tor thc  C;ISCS 11, I J I ,  JV,  V I 1  the  number of randoin coincidences w i l l  cons t i tu te  

3n the other  hand t h e  number of X-ray burs t s  f o r  the 

11 I 2  
2 ! ) < 0 0  ? t i  { O  

l ( i  . X<O = ( ) , O i ;  I I .  ,I,,:, -- --- . - . 

The probabi l i ty  of four coincidences f o r  t h e i r  an t ic ipa ted  average 
niunbcr of 0.46 w i l l  be -< 1,s. IO-'. 
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. 
I t  should be noted t h a t  t h e  most s ignif ic 'mt  (from the standpoint of 

s t a t i s t i c a l  guarantee) case of f lux  increase of nuclei  with Z p I 5  (case 11) 
coincided a l so  with the c l a s s  I chromospheric f l a r e  on the Sun, having beLppn 
on 23 February a t  0045 hours UT (the rise of nuclei  f lux began a t  0700 hours 
(+4 min). The e r r o r  i n  the determination of the ins tan t  of the beginning 
of r i s e  (+4 min) is linked with the system of telemetry operation €or over 
the given convolution the interrogation period of information accumulated 
cons t i tu ted  8 min. I f  w e  conduct the estimate of the number of random 
coincidences €or the type-I1 case and the class I chromospheric f l a r e  ( j u s t  
as was done above), we shal lobtain 

For the case V I I ,  which coincided with a c l a s s  1 - f l a r e ,  we have 

The estimates conducted allow us t o  i n t e r p r e t  the regis tered cases of 
rises in  f l u e s  of nuclei  w i t h  Z Y I 5  (23-24 February, I964), o r  a t  least 
part of them, as  a r e s u l t  of generation of these nuclei  i n  the Sun, with 
egress beyond the l i m i t s  of t h e  solar  atmosphere of only heavy nuclei  and 
e lec t ron  bremmstrahlung, similarly t o  what was shown i n  [5] f o r  the case of 
shor t - l ived  increases.  

Contract No. US-  5 - I248 7 
Volt Technical Corporation 
I145 19th S t .  N.W. on 30 November, I967 
Washington, I1.C. 20036 
Tel: 223-6700 

Translated by D r .  Andre L. Brichant 
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Fig.1. Solar Activity and Variation of the W c l e i  of Fluxes i n  
February - March 1964 

1) fluxes of nuclei  with Z >, 15 ( in  % of the mean value f o r  Feb.1964); 
2 ) ,  3) Sun's X-ray radiat ion i n  the 2 + 10 and 8 G 18 A regions,  ac- 
cording t o  photon counters of Elektron-2 [9] ;  
(Wolff number), 5) Sun's radioemission a t  10.7 cm; 6) emission f lux  
of loca l  radiosources i n  the Sun's d i sk  a t  6.6 cm ( in  % of in t eg ra l  
f l u x ) ;  
8) chromospheric f l a r e s  of c lasses  1 and 2 ( the size of v e r t i c a l  s t rokes 
corresponds t o  the class of f l a r e ) .  The data 4) ,  5 ) ,  7) and 8) were 

borrowed from [ l l ]  

4) number of sunspots 

7) number of chromospheric f l a r e s  of class 1 f o r  one day; 
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F ig .  2 .  F i n e  S t ruc ture  of Flux of  Nuclei Increase 
1) coiinting rcitc' of nuc le i  w i t h  Z >- 15 ;  2 ) ,  3) r e s u l t s  of measure- 
iiicmts o i  Sun's X-ray r ad ia t ion  i n  the wave band 2 t 10 A and 8 f 18 A 
(according t o  l i lcktron '2 's  Geiger counter of photons [9] ; 4 ) ,  5 ) ,  6) 
mid 7 )  
s : i t e l l i t c  "SR-IV" [ lo ]  ; 

1h ta  on Sun's X-ray rad ia t ion  measurements on the  American 
8) chromospheric flares i n  the  Sun a f t e r  1111. 



7 

REFERENCES . 
I 

I. L.I. DORMAN 

2. S. BISWAS ) 
C.E. FICHTEL) 

Variatsii kosmicheskikh luchey i issledovaniye 
kosmsa. Izd-vo AN SSSR, 1965. 

Space Sci. Rev., 4 No.5, 709, 1965. 

3 .  A.A. K0RCfW.K ) Tr. Mezhd. konf. PO kosmicheskim lucham, 
S.I. SYROVATSKIY) 3. Izd-vo AN SSSR, 1960, str. 216. 

4. V.L. GINSBURG ) 
L.V. KURNOSOVA) 
L.A. RAZORENOV) 
M.1, FRADKIN ) Usp. fiz. n., 82, vyp. 4, 585, i964. 

5. L.V. KURNOSOVA ) 

L.A. RAZORENOV ) 

M.I. FRADKIN ) Kosmich. issled., 4, No.1, 170, 1966. 

s . L . MANDEL I SHTAM) 

I.P. TINDO 1 

6. L.V. KURNOSOVA ) 
L.A. RAZORENOV ) 

S.I. SYROVATSKIYj 
M.I. FRADKIN ) Astron. zh. (v pechati) 

A.A. SUSLOV 1 

7. S.N. VERNOV ) 
P.V. VAKULOV ) 
V.I. ZATSEPIN ) 
W.I. LOCACHEV ) 
V . P . OKIILOPKOV) 
A.E. QRJDAKOV ) Izd-vo "Nauka", 1965, str. 502. 

Sb. "Issledovaniya kosmicheskogo prostranstva" 

8 .  IQSY Notes, London, No.7, 1964. 

9. I.P. TINDO Sb. "Issledovaniya kosmicheskogo prostranstva" 
Izd-vo "Nauka", 1965, str. 533. 

IO. R.W. KREPLIN Space Res., 5, 951, 1965. 

11. 

12. V.I. GOL'INNSKIY ) 

Compilations of Solar and Geophysical Data, HA0 Boulder, 1964. 

A.V. KUTSENKO ) Statistika otschetov pri registratsii yadrenykh 
M. I. PODGORETSKIY) chastits. Fizmatgiz, 1959. 

* * * * * * * * * * * * * *  


