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a t  least  seven consecutive rotations of the sun with the pcidard cosmic- 

These recurrence events are characterized by both a very low intensity 

ray experiment on Explorer XIV i n  the period February t o  July, 1963. . 
f 

level (generally several orders of magnitude below that of a moderate- 

sited 801 

spectrum. 

is observed among the various energy groups. 

encountered it  is observed that ,  for exsmple, both 3- a d  10-MeV pa r t i c l e s '  

I 

energies) and a very steep eaergy 

In contrast to  the so lar  proton event, no velocity dispersion 
l 

Thus, vhen a stream is 
: 
6 '  

are present simultaneously, indicating that a quasi-equilibrium state has 

been established. t 

1 

W e  have prevfously reported evidence for recurrent solar-proton 

events 1s2s3 based on the find- 

a t  the times of the next central-meridfan passage of each of two active 

reginns &ich had given rfse t o  solar protesi events 21 a d  29 days 

earlier.  

t o  the preceding solar-proton-producing active region. 

athose events to  be ,similar to  the ones reported here. 

further observations of recurrent events w e r e  made with the University 

of Chicago cosmic-ray experiment on IMP-I (Explorer XVIII)4. 

three occasions in late 1963 and early 1964, low-energy protons w e r e  

observed on TMP-I caning from the same region on the sun as we observe 

0x1 Explorer XIV. 

I 

i 

It w a s  f e l t  that those recurrent events owed their  existence ! 

We now judge 
a 

In  addition, . 
On a t  least 

The Explorer Xnr cosmic ray experiment3 consisted of three detectors 

designed t o  study galactic and solar cosmic rays. 

reported here consisted solely of low energy par t ic les  (except for the 

Because the events 

1 m y  event) only the single c 
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Briefly, t h i s  detector consists of a thin C s I  (Tl) crystal ,  1.9 cm i n  

diameter and 0.5 g/cm2 thick, covered by a 6.5 mg/cm2 A 1  fo i l .  An aluninum 

* collfmator with an average thicknee5 of 1.7 g cmo2 surrounds the crystal 

such that the geometric factor fo r  the low-energy protons is 2.85 cm2 - ster. 
The photolaultiplier vfeving this  crystal  is connected to an &level integral 

pulse-height analyzer. 

par t ic le  source munted on the front of the crystal. 

the eight-channel analyzer responds to  both electrons and protons. 

t ion and appropriate radiation be l t  data verify that  the upper 7 levels d i b i t e d  

no electron response. 

decrease due t o  the enhanced electron belt existing during 1962 and 1963. 

Since both an inflight calibration source and different ia l  energy resolution 

w e r e  provided, this  gain s h i f t  was accurately monitored. 

Calibration is provided by a small Fu239 alpha- 

The lowest level of 

Calibra- 

The photanultiplier gain elrhibited a small but steady 

Explorer XXV was launched on 2 October 1962 with geocentric apogee 

of 103,000 km,sq-initial perigee alt i tude of 270 km and a 36-hour 

orb i ta l  period. 

fran the earth t o  the satellite a t  apogee) and the earth-sun vector was  

70° and increasing with time. 

1962 t o  6 Auguat 1963 except for a two week turn-off in January. 

the present analysis ‘only data taken above 73,000 km were used. 

satellite a t  that time was in the transition, or magnetosheath, region . 
between the magnetoephere and interplanetary space; nevertheless because 

The i n i t i a l  angle between the l ine  of apsides (the vector 

The active l i f e  extended from 2 October 

For 

The 

t 
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or‘ the r ig id i ty  of the particles under study, it is f e l t  that  the 

energetic par t ic le  measurements are representative of interplanetary 

conditions. 
I 

The counting rates of the detector are  shown for  two tntegral energy 

level of -3 and 4 MeV in Figure 1. 

have been subtracted. The dashed l ine indicates a fiducial  mark each 

Rackground ard calfbratioa couxits 

27 days. The arrows indicate sudden cmencements occurring during the 

course of an event. 

of the proton increases within one day of the 27-day marker. 

vary greatly in amplitude ranging from the very s m a l l  event on 27 Hay, 

which is short and barely detectable, to  the relatively large events of 

The most str iking feature is the repeated occurrence 

The curves 

10 February and 1 May. 

shown but the observed counting rate  suggests that a small event i n  July 

was definitely present at the appropriate time and that t5e December 

event was jus t  above the threshold of detectability. Each recurrence 

event is inmediately preceded by a period of complex magnetic activity. 

In each case except that of 9 March 1963 there is a t  least one sudden 

Data for solar rotations 81770 ami 1779 a re  not 

camencement followed by a magnetic storm, and i n  the March event there 

is a large magnetic storm. In each case the counting r a t e  increases 

rapidly a f t e r  the sudden comaencement and displays a strong asymmetry with 

the i n i t i a l  increase and par t ia l  decay followed generally by a long plateau 

region. The absence of any intensity dependence on geocentric distance, 

the long persistence of the proton increase, and the further observations 

by the University of Chicago experiment on IMP-I a t  distances of up to  193,000 

km clear ly  indicate these events cannot be produced by the interaction of 
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repxesentatioo. 

The ccartinued praoeurce of tlreoe protons is taken as evidence they 
- .  . a  .- 

are being contiaually accelerated by the sun. Wirethet t h i s  acceleratioo" . . 
. .  

occurs near the surface of the  sua or  in interplanetarp space a t  the 

turbulent interface between the fas te r  moving plaCiPP1 of the st rm 

the sl-r moving plasma of ' the quieter surrauading regiarr canaot be.-.:.' 
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. -  is surprising when me notes the ease 'with which the flare-associated 

events CQII propagate from tbe sun. Three of these p r i m a r y  events 00 

. * .  

\ . .  

I 

*, ~ 

15 aob 24 Qttl and 14 h e  are also .haw \ -  in tha &to of P i e ~  1. 
* : . 

. *  

I As expected, &esse a m  characterfted ball dafiaed flares mi(or 
! 

.* 

'. * 
1 . probrbly the -11-t ever recorded. .. - . 

, 
. .  The solar  stream containing the lw-energy protanr reported he 

I . . 

. 

h+ previously been extensively studied as source of X--ion 

disturbances ewteading fran m s t ,  1962 t o  -17 1964."~ The pla 

_. . . 
* .  

9 ais reeeam wa9 observed in deep space by Snyder : ;*/,:* . 
.r. . .b*. associatzb 

- .  
. -  -' S e p t d e r  t o  December,  1962. :- iie;measured a marked enhancesueat of the. 

** , . plasma velocity associrrted w i t h  the parsage of the stream. Severa 
: .* . 
.*+-. + 

' 

- .  
-7 . . 
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.. * . 
the larger events noted here have also been observed by Van Allen 

o1J ~n~un'o and h s e t y  e t  el. using polar ri-ters." However, the 
* . . - *  

L 

Explorer X I V  observadczas provided the first opportimit); t o  undertake 

a systematic study Gtb sufficient seaoitivity t o  identify the particle 

specges, t o  obtain energy spectra, and t o  r p a b  evident the long-term 

recurrent nature. of these events. 

, . .  

The ident i f icat iar  of the s o l a r l ~ ~ E r e r p a o s i b l e  L --A for M - t y p e  . 

dtsturbanceShas 1- been controversial. The two' Explorer XI1 recurre- 

events i n  1961 showed conclusively that the par t ic le  str& and i n i t i a l  

24-type magnetic seorme began within oxae day of central uasidian passage. 

,of the parent region. . This indicates 8 far greater.*lateral -spread of the 
. .  
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similar behavior. Our tentative identification of the appropriate solar 

region would be 8 coathution of that ptopoeed by Snyder. &ah, the 

- i  
.. . 
. -  

I 

t 



I 

I . .  : -  
I *  . 

.* 

b 

. .  
Rcfcrcncer ' 

1. D. A. Bryant, T, L. ClhC, U. D. M8.i and P. 1. XcDondd, l'l'lge. 
Rev. Lettar8 E, No.  4, 146 (1963). 

2. D, A. aryrnt, T .  L. cline, U. D. m;lhi 
SP-50, 289 (1963). 1, ' 

\ .  

P. 0. ) ( c ~ o l l . ~ ,  mocoadimga 
Of the m w  S y P O r h  Qo tbo %8&8 Of 60br m-8, 

3. 0. A. Bry8nt, T. L. Cline, U. D. Dtsoi and P. 1. ~ D a o o l d ,  &tfo-. 
physical Journurl tn Prwr, (1) Feb. 1965). 

# 

4. C. Y. ha, C. Clwcklcr and J. A. SLp.ua ,  hAMIrd IMP S~lpooiUr, 

5. E. N. Parker, Phys. Rev. Lettcrr 2, No. 3, 55 (1965). 

6. A. J. Da88lsr and J. A. Fejct, Planet. Space Sct. 11, 505 (1963). 

7. K. Sfnnu, Rcpt. fonoephere S ~ A C C  Sct .  Japan, 18:314-318,(19He), 

0. S, Xori, It. Veno, R. N-dikro and S.  Sagidca, ikpt. Xosocrpherc 

9. C, Y, Saydcr, Procccdhga of thc MS/NAS S1111p0.%11p oa &a Phyaic8 
8?-50, 273 (1369). 

*. ' 
urrgublidmi (12 March 1964). 

SpCa S C & o  JApIPO 18:27E.-ZW, (1964). 

of Solar ~ t a r e i ,  

10. J. A. Van Allen, L. A. Fr8& &ad D. Venlr.tc8ur0 TruuwtioO., " . '. I ,  1:: . :' . -  45, No. 1, 80 (March, 1964). i. ,* .I. .: 





I 
i 

. I  
I 

. 

/ -  

. h , 

.. 

. .  
. 

. 
1 

. -  
r 

. ’  

, 

I ‘  

. .  

3 i 




