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Abs t rac t  

I n  the magnetic a c t i v i t y  fo l lowing  the  September 2, 1966 

PCA event,  a n  i n t e n s e  a u r o r a l  zone x-ray p u l s a t i o n  event was 

observed i n  t h e  4-5 second period range. Comparison of t h i s  

event  with the temporal features of micropulsat ions i n  the same 

pe r iod  range does no t  support the sugges t ion  t h a t  p u l s a t i n g  

e l e c t r o n  p r e c i p i t a t i o n  arises from processes  d i r e c t l y  involving 

micropulsat ion f ie lds .  

.. 

*On leave  from Lockheed Missiles and Space Company, 
Sunnyvale, C a l i f o r n i a  



2 .  

b In t roduc t ion  

Auroral x-ray f l u x e s  f r equen t ly  d i sp l ay  p u l s a t i o n  a c t i v i t y  

i n  the bows between nidnight  and dawn, the most common form being 

i r r e g u l a r  b u r s t s  w i t h  half-widths of 2-10 seconds and spacings 

of 4-30 seconds between consecutive peaks (Anger e t  a l ,  1963; 

Brown e t  a l ,  1965; Barcus e t  a l ,  1966). More organized pu l sa t ions  

have been observed (Barcus and Christensen, 1965) but  t h i s  has 

been p r imar i ly  i n  longer  period events  with time s c a l e s  of the 

o rde r  of 100 seconds. Similar  f e a t u r e s  have been noted i n  s t u d i e s  

of ionospheric  absorp t ion  i n  t h e  a u r o r a l  zone (Brown, 1964; 

Par thasara thy  and Hessler,  1964) . 
The long per iod pulsa t ions  have proved t o  be larger i n  

spat ia l  e x t e n t  than  t h e  sho r t  per iod events ,  Barcus and Rosenberg 

(1965) not ing  cases  where pu l sa t ing  e l e c t r o n  p r e c i p i t a t i o n  

extended more than 1,000 k m  i n  longi tude  when the per iod was the 

order  of 300 seconds while other observa t ions  (Brown e t  a l ,  1965; 

Barcus e t  a l ,  1966) showed t h a t  t h e  spat ia l  c o r r e l a t i o n  of s h o r t  

per iod pu l sa t ions  d e t e r i o r a t e s  when d e t e c t o r s  were separa ted  by 

more than 100 km. This  has led t o  the sugges t ion  

(Brown e t  a l ,  1965) that  s h o r t  per iod pu l sa t ions  ar ise  from small 

s c a l e  magnetospheric plasma i n s t a b i l i t i e s  while the longer  per iod 

events  r e s u l t  from modulation processes  a c t i n g  on e l e c t r o n  pre- 

c i p i t a t i o n  a l r eady  i n  progress over a large s c a l e .  

The present  no te  summarizes observa t ions  of a s h o r t  per iod 

p u l s a t i o n  event,  unique f o r  i t s  i n t e n s i t y  and temporal organiza- 

t i o n ,  po in t ing  toward modulation processes  a t  s h o r t e r  per iods 

than considered previously.  I t s  brief du ra t ion  compared t o  
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b magnetic micropulsat ions i n  the same per iod range argues a g a i n s t  

t h e  p a r t i c l e  p r e c i p i t a t i o n  o r i g i n a t i n g  from wave-particle i n t e r -  

a c t i c n s  * 

Observations 

The present  event was encountered during a ba l loon  f l i g h t  

from Fairbanks,  Alaska i n  t h e  magnetic a c t i v i t y  a s soc ia t ed  w i t h  

the  s o l a r  cosmic r a y  f l a r e  event of 0538 UT on September 2, 1966. 

These observat ions were obtained a t  9 gm/cm2 atmospheric depth, 

u s ing  an  uncollimated NaI (Tl) s c i n t i l l a t i o n  counter 

(5.08 cm dia. ,  1.27 cm h t . )  with a multi-channel pulse-height 

ana lyze r .  S t a r t i n g  a t  1646 UT on September 3, 1966, the x-ray 

i n t e n s i t y  showed an i n t e n s e  s e r i e s  of pu lses  (up t o  350 

photons/cm2-sec-ster i n  excess of 25 keV 

hemisphere)with a high degree of temporal order .  

v a r i a t i o n s  noted i n  the 25-50 k e V  channel are given i n  F igure  1; 

averaged over t h e  upper 

The x-ray 

each data po in t  r e p r e s e n t s  the average counting ra te  over a per iod 

of 0.2 second. Examination of t h i s  f i g u r e  shows 47 consecut ive 

p u l s a t i o n  peaks d i s t r i b u t e d  o v e r  an i n t e r v a l  of 210 seconds. 

These pu l sa t ions  occurred during complex, extended bay a c t i v i t y  

(K = 7 a t  College)  which reached AH = -145O-y around 1645 UT; 

dur ing  a l l  t h i s  a c t i v i t y ,  micropulsat ion induct ion  loops recorded 

(R, R. Heacock, p r i v a t e  communication) a s t rong  component a t  4-5 

second period, reaching peak amplitudes of 3-y dur ing  the p u l s a t i o n  

event .  Before the event ,  t h e r e  was e s s e n t i a l l y  no s t r u c t u r e d  

x-ray a c t i v i t y  and afterwards the  a c t i v i t y  dec l ined  i n t o  weak, 

i r r e g u l a r  v a r i a t i o n s  and then disappeared by 1654 UT. 

S p e c t r a l  f e a t u r e s  of the x-ray peaks and va l l eys  were 

determined, f i rs t  removing e f f e c t s  of' t h e  appropr i a t e  baclcgroiind 
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4 rates.  For each well-defined peak, the excess ra te  above the 

slowly varying background was examined f o r  i t s  energy d i s t r i b u t i o n ;  

t h e  r e s u l t s  of t h i s  a n a l y s i s  gave exponent ia l  s p e c t r a  w i t h  a n  

average e-folding energy Eo = 14 keV, extreme values  of Eo 

ranging from 11 keV t o  17 keV. S imi la r  s t e p s  were taken wi th  

each va l ley ,  removing now t h e  background of g a l a c t i c  and s o l a r  

cosmic ray o r ig in ;  t h i s  gave e-folding energ ies  between 11 keV 

and 17 keV, wi th  a n  average of 13 keV. Examples of the peak and 

v a l l e y  energy d i s t r i b u t i o n s  a r e  shown i n  Figures  2 and 3, 

r e s p e c t i v e l y .  

The g ross  temporal f e a t u r e s  of t h e  x-ray i n t e n s i t y  were q u i t e  

ev ident  from v i s u a l  inspec t ion  of the f l i g h t  record:  47 pulsa- 

t i o n s  over about 210 seconds, w i th  an average spacing of about 

4.5 seconds. Beyond that, however, t h e r e  i s  a d e f i n i t e  d i v i s i o n  

between the  e a r l y  and l a t e  por t ions  of t h e  event,  t h e  early half 

showing a mean spacing of 3.9 seconds between peaks while  t h e  

l a t t e r  half showed a longer spacing of 5.0 seconds. T h i s  f e a t u r e  

of the  data i s  presented more e l e g a n t l y  i n  t h e  normalized auto- 

covariance func t ions  i n  Figures 4 and 5 where f i v e  o s c i l l a t i o n s  

extend over 100 lags i n  the f irst  po r t ion  of the data as compared 

t o  f o u r  o s c i l l a t i o n s  i n  a similar sampling of the second half .  A 

power spectrum a n a l y s i s  (Blackman and Tukey, 1958) shows peaks a t  

4.0 seconds and 5.5 seconds, r e spec t ive ly ,  as ind ica t ed  i n  

F igures  6 and 7. A similar a n a l y s i s  of the whole 210 second 

record,  given i n  Figure 8, shows t h e  two peaks resolved,  s e p a r a t e l y  

and d i s t i n c t l y .  
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b D i  s cu s s i on 

From w e l l  over 50 hours of p u l s a t i n g  x-ray data t o  date, 

t h e  p re sen t  evefit i s  the most s t r i k i n g  example of t h i s  form of 

e l e c t r o n  p r e c i p i t a t i o n .  Rather than  the more t y p i c a l  pu l sa t ing  

event  which i s  i r r e g u l a r  and weak i n  i n t e n s i t y ,  the x-ray f l u x  

i n  t h e  most i n t e n s e  peaks exceeded anything e lse  noted previously 

by a t  least a f a c t o r  of two and t h e  number of d i s t i n c t ,  related 

peaks was greater by more than a f a c t o r  of t h r e e .  The energy 

s p e c t r a  f o r  both t h e  peaks and va l l eys  were less d i s t i n c t i v e  

however, f a l l i n g  wi th in  t h e  range of observat ion noted e a r l i e r  

(Barcus and Rosenberg, 1966); w i t h  both peaks and va l l eys  showing 

s o f t  spec t r a ,  the present  event i s  c o n s i s t e n t  with modulation 

processes  a f f e c t i n g  p r e c i p i t a t i o n  rather than  s p e c t r a l l y  d i s t i n c t  

p u l s a t i n g  p r e c i p i t a t i o n  embedded wi th in  a l a r g e  s c a l e  background 

of a d i f f e r e n t  o r i g i n .  

A s  f o r  the temporal f ea tu re s ,  even though showing cons iderable  

organiza t ion ,  t h e r e  was a c l e a r  change i n  t h e  p r e c i p i t a t i o n  midway 

i n  the  event (as shown by the power spectrum a n a l y s i s ) .  T h i s  d i d  

no t  involve any gradual  dec l ine  and subsequent regrowth of t h e  

p r e c i p i t a t i o n  but ,  rather, within a few cyc le s  of pu lsa t ion ,  t h e  

establ ishment  of a longer  dominant per iod.  Throughout t h i s  t r an -  

s i t i o n ,  the  energy s p e c t r a  d id  no t  change apprec iab ly .  

Such non-stat ionary behavior has been noted before  

(Barcus e t  a l ,  1966) but  no t  w i th in  q u i t e  as s h o r t  a time i n t e r v a l .  

Usually, it has involved t h e  emergence and disappearance of 

s i g n i f i c a n t  peaks i n  power spec t r a  a t  about 8 seconds per iod 

r a t h e r  than  the s h i f t  i n  frequency wi th in  a sample of comparable 

d u r a t i o n  (expressed i n  terms of c y c l e s ) .  
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I n  the per iod range noted i n  the  present  case,  t h e r e  i s  

a l s o  a s i g n i f i c a n t  micropulsation band, d i scussed  r e c e n t l y  by 

Heacock (1966), which shows a p o s i t i v e  c o r r e l a t i o n  w i t h  K 

Magnetic observat ions wi th in  t h i s  band during t h e  morning hours 

appear r e l a t i v e l y  stable and of long dura t ion ,  a t  least  f o r  

modest K values.  The frequency of occurrence of pu l sa t ions  

i n c r e a s e s  i n  t h e  a f te rnoon hours and i t  i s  a t  t h e s e  times, when 

K inc reases ,  that  sporadic  bu r s t s  of a few minutes o r  longer  

appear i n  the &second band. 

a near  continuum w i t h  a few minutes sepa ra t ion .  Even consider ing 

the  p o s s i b i l i t y  tha t  high K i n  the morning hours might be similar 

t o  that  found i n  the afternoon, there appears l i t t l e  resemblance 

between micropulsat ions and the present  p r e c i p i t a t i o n  event,  t h e  

x-ray a c t i v i t y  around t h e  &second band emerging only b r i e f l y  

ra ther  than  being sporadic  and ex tens ive .  

P *  

P 

P 
For l a r g e  K the b u r s t s  appear i n  

P’ 

P 

T h i s  goes aga in  t o  the p r i n c i p a l  d i f f i c u l t y  of r e l a t i n g  

p u l s a t i n g  e l e c t r o n  p r e c i p i t a t i o n  t o  pu l sa t ing  magnetic d i s t u r -  

bances. I n  the past, considerable  s c r u t i n y  has been given t o  

the p o s s i b i l i t y  that x-ray pu l sa t ions  might show d e t a i l e d  

c o r r e l a t i o n s  wi th  magnetic pu lsa t ions ,  a l l  the way from t h e  s h o r t  

per iod t o  long per iod events;  t h e  r e s u l t s  of t h i s  search  have 

been e s s e n t i a l l y  negat ive.  This,  p lus  the non-stat ionary c h a r a c t e r  

of e l e c t r o n  p r e c i p i t a t i o n  as compared t o  t h e  g r e a t e r  du ra t ion  and 

temporal s t a b i l i t y  of geomagnetic pu l sa t ions ,  makes it  d i f f i c u l t  

t o  a t t r i b u t e  e l e c t r o n  p r e c i p i t a t i o n  d i r e c t l y  t o  a wave-particle 

i n t e r a c t i o n .  By the same token, t h i s  se rves  t o  p lace  t h e  source 

r eg ion  f o r  p u l s a t i n g  e l ec t ron  p r e c i p i t a t i o n  beyond the reg ions  
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b r e spons ib l e  f o r  exospheric resonances (F ie ld  and Greif inger ,  1965). 

The i n t e r p r e t a t i o n ,  then, i s  that  t h e  source reg ion  c o n t r o l s  

and/or modulates the e l e c t r o n  f l u x  a t  a p a r t i c u l a r  band of f r e -  

quencies  and magnetic pu lsa t ions  reaching ground-based instruments  

r e f l e c t  both the source mechanism c h a r a c t e r i s t i c s  a s  w e l l  as 

resonances along t h e  path of propagation. 

F ina l ly ,  i t  has been suggested e a r l i e r  (Anderson and Milton, 

1964) t h a t  br ief  i n t e r v a l s  of e l e c t r o n  p r e c i p i t a t i o n  termed 

“microbursts” ,  t y p i c a l l y  0.2 second half-width, a r e  the fundamental 

u n i t  of p u l s a t i o n  a c t i v i t y  and t h a t  observat ions of x-ray pulsa- 

t i o n s  rea l ly  amount t o  periods of microburst  a c t i v i t y  which appear 

smooth because of i n s u f f i c i e n t  experimental  r e s o l u t i o n .  There 

i s  cons iderable  d i f f i c u l t y  with t h i s  idea s i n c e  microbursts ,  even 

under the best  experimental  condi t ions,  have never been found 

c l o s e  t o  l o c a l  midnight, where pu l sa t ions  a r e  f r equen t ly  observed 

(Barcus e t  a l ,  1966). Instead,  the two types  of f a s t  time var ia -  

t i o n s  seem t o  d i v i d e  around dawn, p u l s a t i o n s  occurr ing  on the 

e a r l y  morning side while microbursts extend i n t o  the  a f te rnoon 

hours.  I n  the r eg ion  of over-lap, both types  of a c t i v i t y  are 

p resen t .  For the  present  event, the i n t e n s i t y  of p r e c i p i t a t i o n  

was far  i n  excess of that needed t o  r e v e a l  the  presence of micro- 

b u r s t s  w i th  d i g i t a l  counting techniques; none was found i n  the 

most detai led examination of the data. Thus, the  pu l sa t ions  

belonged t o  t h e  early morning category; f o r  them t o  be  unresolved 

microbursts  would r e q u i r e  a microburst  occurrence r a t e  g r e a t l y  

beyond tha t  now known t o  exist (Anderson e t  a l ,  1966). 

- 
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Figure Captions 

F igure  1 - X-ray i n t e n s i t y  v a r i a t i o n s  i n  the 25-50 keV range 

during the pu l sa t ing  event 

F igure  2 - Example of the energy d i s t r i b u t i o n  f o r  a n  x-ray peak; 

Eo = 15 keV 

Figure  3 - Example of the energy d i s t r i b u t i o n  f o r  a n  x-ray va l ley ;  

Eo = 12 keV 

Figure  4 - Normalized auto-covariance f o r  x-ray v a r i a t i o n s  i n  

the f irst  half of the p u l s a t i o n  event 

F igure  5 - Normalized auto-covariance f o r  x-ray v a r i a t i o n s  i n  the 

second half of t he  p u l s a t i o n  event  

F igure  6 - Power spectrum f o r  x-ray v a r i a t i o n s  i n  t h e  first half 

of the pu l sa t ion  event 

F igure  7 - Power spectrum f o r  x-ray v a r i a t i o n s  i n  the  second 

half of the pu l sa t ion  event 

~ i g i ~ r e  8 - Power spectmm fer x-ray variations in the entire 

p u l s a t i o n  event 
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