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NEW EVIDENCE FOR LONG-LIVED SOLAR STREAMS I N  INTERPLANETARY SPACE 

D. A. Bryant", T. L. Cline, U. I). Desai and F. B. McDonald 

Goddard Space Flight Center, Greenbelt, Maryland 

Explorer X I 1  measurements of the  in tens i ty  of interplanetary protons of 

energy grea te r  than 3 M e v  provide a method of invest igat ing long-lived so la r  

plasma streams. On two occasions (27 October and 1 December 1961) we observed 

an increase of the  in t ens i ty  of these par t ic les .  The increases were unaccom- 

panied by a so la r  f l a r e  but occurred a t  t he  beginning of a magnetic storm and 

Forbush decrease near the  time of central  meridian passage of a region respon- 

s i b l e  for a f l a r e  and a so lar  proton event during the  previous so la r  rotat ion.  

These increases were very s m a l l  and probably could not have been detected with . 
riameters. 

emitted from the  sun could cause magnetic storms. The recurrence of s m a l l  

magnetic storms over many 27-day cycles of so la r  ro ta t ion  l e d  Bartels2 t o  

postulate  t ha t  such streams w e r e  continuously emitted from long-lived regions 

on the sun which he called M regions. Recent Mariner I1 measurements have 

shown the  existence of so l a r  plasma with a 27-day s t ruc ture .  

carr ied by so lar  plasma a r e  thought to be responsible for  Forbush decreases of 

cosmic ray in t ens i ty  which of ten  occur during magnetic storms. 

d i r e c t  measurements of such streams have been made on Explorer X I 1  by our 

detectors ,  t he  in t ens i ty  increases of these > 3 MeV protons require  streams 

of plasma and magnetic f i e l d s  t o  carry the  protons from the  v i c i n i t y  of the  sun 

or  t o  accelerate them local ly  o r  t o  t rap interplanetary so la r  protons remaining 

from a previous so l a r  event. W e  feel tha t  the presence of protons of a few MeV 

i n  the  plasma does not imply tha t  they are an i n t r i n s i c  fea ture  of the  plasma 

but r a the r  t ha t  i t  is a consequence of l a t e n t  trapping regions i n  the  plasma 

Chapman and Ferraro' have shown t h a t  a stream of neutral  plasma 
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Magnetic f i e l d s  

Although no 



- 2- 

being f i l l e d  with so l a r  protons from a preceding event. 

The instruments on Explorer XII, designed t o  study g a l a c t i c  and so la r  cosmtc 

4 rays,  have been described . 
satell i te was outs ide the  magnetosphere on the  sun - l i t  s i d e  of the  earth.  

The measurements reported here  were made while the  

4 

Figure 1 shows the  in t ens i ty  of interplanetary protons of energy grea te r  

than 3 MeV, whenever i t  w a s  above the  quiet-time value, from 30 September t o  

28 October 1961. 1 A c la s s  3 so lar  f l a r e  on 28 September 1961 i n i t i a t e d  a so la r  

proton event . 
through a maximum, t he re  was  an increase t o  a leve l  about 10 times grea te r  than 

t h a t  of t he  so l a r  proton maXirmrm. 

physical disturbances (including a magnetic storm with a sudden cammencement 

and a mid-lati tude auroral  display)  and a Forbush decrease of r e l a t i v i s t i c  

protons observed both by Explorer X I 1  and by neutron monitors. These events 

indicated the a r r i v a l  of a stream of solar plasma carrying a magnetic f i e l d .  

The enhanced proton in t ens i ty  and the  geophysical disturbances had subsided 

4 Two days l a t e r ,  long a f t e r  the  so l a r  proton in t ens i ty  had passed 

A t  the  same time there  was  a series of geo- 

by about 7 October. 

from 7 October u n t i l  27 October when there was  again an increase i n  the proton 

in t ens i ty  accompanied by a Forbush decrease and geomagnetic storms. 

summarizes these events .) 

The proton in tens i ty  remained a t  i t s  normal quiet-time value 

(Table 1 

The in t ens i ty  increase on 27 October is unlike a so la r  proton event: i t  

is not immediately preceded by a so la r  disturbance and the  time constants of 

r i s e  and decay a r e  only a few hours. 

function of proton ve loc i ty  s ince  the  shapes of the  d i f f e r e n t i a l  k i n e t i c  energy 

spec t ra  at onset and a t  maximum in tens i ty  are near ly  the  same, both having a 

power-law exponent between -4 and -5  i n  the  range 3 t o  10 Mev. 

t h a t  t he  ac t ive  region of the  sun responsible for the  28 September f l a r e  w a s  

Further, the  a r r i v a l  times a r e  not a 

We suggest 
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the  o r i g i n  of a long-lived plasma stream t h a t  w e  encountered on 27 October, a 

full r o t a t i o n  of the sun a f t e r  30 September. I f  the  continuous emission of t h i s  

long-lived stream began during the  ac t ive  l i f e  of the  region e i the r  on or  before 

28 September, the > 3 Mev proton in tens i ty  increase on 30 September w a s  a l so  

caused by an encounter with t h a t  stream, but t o  ascr ibe the 30 September and 27 

October proton increases t o  an ident ica l  phenomenon may be an over-simplification, 

s ince  t h e  e a r l i e r  event may have been a r e s u l t  of a d i f f e ren t  and t r ans i en t  

phenomenon (such as the  shock wave postulated by Parker5 or t he  magnetic b o t t l e  

postulated by C+Id 

r o t a t i o n  of the  sun following October 27, the  region stopped emitt ing plasma 

6 caused by the  solar a c t i v i t y  of 28 September. During the 

s ince  ne i ther  our records nor geophysical observations show an event 27 days 

later i n  November. 

It seems l ike ly  t h a t  our observations of 27 October are closely re la ted  t o  

the  phenomenon of R-rays a s  proposed by M G ~ t e l ~ , ~ .  

which are th in  and filamentary extensions of the  outer  corona above a c t i v i t y  

centers  t o  be responsible for  recurrent magnetic storms. Figure 2 is a 

schematic drawing made by MGstel showing these R-rays. 

t he  proton in t ens i ty  increase on 27 October may have been a d i r e c t  consequence 

of the  fi lamentary s t ruc tu re  of t he  rays. 

Mustel considers R-rays 

The f i n e  s t ruc tu re  i n  

The second of the two events we wish t o  mention occurred on 1 December 1961. 

It is  s imi la r  t o  t h a t  of 27 October and the  relevant  sequence of events i s  a l so  

out l ined i n  Table 1. On 10 November 1961 a f l a r e  accompanied by Type IV emission 

occurred on the  extreme west limb of the sun and i n i t i a t e d  a so l a r  proton event 

which w a s  observed by Explorer X I I .  No magnetic storm, Forbush decrease o r  > 3 

MeV proton increase was seen a f t e r  the usual one-to three-day plasma t r a n s i t  time 
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from the  sun t o  the ear th .  Three weeks l a t e r  on 1 December 1961, a f t e r  3/4 of 

a s o l a r  ro t a t ion ,  there  w a s  a Forbush decrease, a magnetic storm and a > 3 

Mev proton event similar t o  t h a t  of 27 October ind ica t ing  the  arr ival  of a so l a r  

plasma stream. The occurrence of the  event of 1 December closely coincided with 

the  cen t r a l  meridian passage of the act ive region which produced the f l a r e  on 

10 November. 

stream emanating from an ac t ive  region of t h e  sun but i n  t h i s  case the  timing 

w a s  d i f f e r e n t  owing t o  the  d i f f e ren t  posit ion of the  parent f l a r e  on the  sun. 

This event again subs tan t ia tes  t he  p i c tu re  of a long-lived plasma 

There is another occurrence which could be the  same phenomenon. On 7 

September 1961 a so l a r  proton event having an anomalously slow in t ens i ty  decay 

w a s  observed by Explorer XII, t he  d e t a i l s  of which w i l l  be reported i n  a later 

paper. There w a s  no observation a t  that  time of a la rge  f l a r e  o r  of Type I V  

emission which can d e f i n i t e l y  be associated with t h i s  event and there  was no 

geophysical disturbance two days l a t e r .  Eleven days l a t e r  on 18 September 

the re  w a s  a s m a l l  increase of t he  in tens i ty  of > 3 Mev protons s i m i l a r  i n  

spectrum t o  those of 27 October and 1 December and unaccompanied by a f l a r e .  

We speculate  from these observations that the  f l a r e  responsible  f o r  t he  so l a r  

proton event of 7 September occurred on t h e  remote s i d e  of the  sun and t h a t  the  

increase on 18 September w a s  the  same phenomenon as t h a t  observed on 27 October 

and 1 December. In  contrast  t o  t h i s  view Skerjanec et al, a t t r i b u t e  the 7 

September event to  a so l a r  rad io  noise storm on 6 September occurring i n  a 
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plage region which w a s  40 degrees w e s t  on 6 September and which w a s  the  o r ig in  

of a so l a r  cosmic ray event on 10 September when t h i s  plage region reached the 

w e s t  limb of the  sun. 



TABLE 1 

Solar Flare:  (c lass  3 or  3+) 
T h e :  2202 UT, 28 September 1961 
Type IV Radio &issio6:2214 UT 
Location: 15O N, 29' E 

Forbush Decrease: 
Duration: 30 Sept. t o  5 Oct. 
Maximum Amplitude: 

Explorer XII: 8% 
Deep River: 5% 

Geomagnetic Storm: 
Duration: 30 Sept. t o  6 O c t .  
SC: 2108 UT, 30 September 
Main Phase: 170 gamma 

> 3 Mev Protons a t  Explorer XII: 
Onset Time: 1930 UT, 30 September 
 ax, &tensi ty:  2 x 10 7 /m2 s st 

Solar Flare:  (c lass  > 1) 
Time: 1435 UT, 10 November 1961 
Type IV RadiooJlhission:1$40 UT 
Location: 19 N, * 90 W 

(No e f f ec t s  of two day8 delay) 

Recurrence Phenomena Associated with Above Events 

Forbush Decrease: 
Duration: 28 O c t .  t o  1 Nov. 
Maximum Amplitude: 

Explorer X I I :  3% 
Deep River: 2% 

Geomagnetic Storms: 
Duration: 26 t o  27 October 
SC: 1940 UT,26 October 
Main Phase: 70 gamma 
Duration: 28 O c t .  t o  h"l Nov. 
SC: 0820 UT, 28 October 
Main Phase: 280 gamma 

> 3 Mev Protons at Explorer XII: 
Onset Time: between 26,amj 27 O c t .  
f i x .  Intensi ty:  2 x 10'/m' s s t  

Forbush Decrease: 
Duration: 1 Dec. t o  --"4 Dec. 
Maximum Amplitude: 

Explorer XII: 8% 
Deep River: 4% 

Geomagnetic Storm: 
Duration: 1 Dec. t o  =z 4 Dec. 

Main Phase: 145 gamma 

> 3  MeV Protons at Explorer XII: 
Onset Time: before 0300 UT, 1 Dec. 
Max. Intensi ty:  ) l . 6  x 1 0 5 h 2  s st 



FIGURE CAPTIONS 

Fig.  1. In t ens i ty  of > 3 Mev protons between 30 September and 28 October 

1961: (Note t h a t  t he  time scales before and a f t e r  t h e  period 

during which t h e  in t ens i ty  remained a t  a quiet-t ime value are 

d i f f e r e n t ) .  

8 Fig. 2. Schematic drawing of R-rays a f t e r  Mustel . 
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