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We analysed s t a t i s t i c a l l y  near ly  1000 so la r  events w i t h  f l u -  

xes measured i n  0.5-38, 1-88 and 8-208 bands by Explorer  37 (S  NRL 

Solrad) s a t e l l i t e .  The d i f f e r e n t i a l  d i s t r i b u t i o n  o f  peak f luxes  can be 

represented by power laws w i th  exponents - 1.4, -2.2, -2.9 respect ive ly ,  

which are  compared t o  2-128 resu l t s  obtained by D r a k e ¹ At the 0.5-38 

band there i s  a suggested peak i n  the d i s t r i b u t i o n .  Autocor re la t ion  ana- 

l y s i s  o f  the d i s t r i b u t i o n  have shown tha t  i n  the harder band ( 0 .5 -38)  

there i s  a concentrat ion o f  events a t  p re fer red v a l u e s  m u l t i p l i e d  o f  

about 10 x 1 0 ' ~  erg ~ m - ~ s - l ,  o f  unknown o r i g i n .  

Analisamos cerca de 100 eventos solares com f luxos  medidos pe- 

l o  sa té l  i t e  Explorer 37 US NRL Solrad) nas bandas 0.5-38, 1-88 e 8-208. 

As d i s t r i bu i ções  d i f e renc ia i s  dos f luxos  máximos nas t rês  bandas podem 

ser representadas por l e i s  de potência cujos expoentes são -1.4, -2.2, e 

2.9 respectivamente, os quais são comparados com resultados obtidos por 

D r a k e ¹     na banda 2-128. Para os dados na banda de 0.5-38 sugere-se a ex is-  

tência de um p i co  na d i s t r i bu i ção .  A p a r t i r  de uma a n i l  i se  por autocor- 

relação da d i s t r i bu i ção  encontrou-se na banda mais dura (O -5-38) uma ten- 

dência de concentração de eventos em valores mÜ l t i  plos de cerca de 10x 1 

erg cmm2 s-'l, cuja origem 6 desconhecida. 

A complete study on s t a t i s t i c a l  p roper t ies  o f  s o f t  X-ray so- 

l a r  bursts rtas performed by ~ r a k e l ,  using near ly  4000 events measured i n  

the 2-128 range by Explorer 33 and 35 s a t e l l  i t e  (un ivers i  t y  o f  lowa ex- 

periment). For comparison purposes we analysed 1000 events i n  the 0.5-38 

and 8-208 bends and 900 events i n  the 1-88 band, which peak f luxes  were 



reported by NOAAis SoZar GeophysicaZ Data b u l l e t i n s ,  as frommeasurements 

USNRL Solrad experiment using Explorer  37 s a t e l l i t e .  We used a11 data a- 

v a i l a b l e  f o r  events w i t h  def ined s t a r t  and end times i n  the per iod  1970 

t o  1975. 

The c r i t e r i a  used f o r  burs t  i d e n t i f i c a t i o n  and data reduct ion 

were descri bed i n a number o f  paper by Krep l i n and co-workers2 
7 y 4 ,  and 

i n Solar GeophysicaZ Data bul l e t  i n's Descri p t  i ve  ~ e x t ~ .  

The f l ux  data der ived by the Sol rad experiment have a severe 

se lec t i ve  e f f e c t  produced by the f i x e d  amount o f  f l u x  required t o  change 

the d i g i t a l  count output  by a s ing le  count. This correspond, i n  u n i t s  o f  

e rg  cm-2 5-1, t o  i. 1 x 10-5 (0 .5-311, s i ng le  range), 8.6 x 1 0 ' ~  and 4.5 x 

x 10-3 (1-88 high and low s e n s i t i v i t y  ranges, respect ively)  and 2 . 4 ~ 1 0 - ~  

and 1.3 x 10'2 (8-208 h igh  and low s e n s i t i v i t y  ranges, respect ively)  . 

I n  order t o  ob ta in  broad d i f f e r e n t i a l  d i s t r i b u t i o n  diagrams, 

we must take i n t o  account these s e l e t i v e  e f f e c t s .  I n  f i g u r e  1 (a) we ha+e - 

a d i f f e r e n t i a l  d i s t r i b u t i o n  f o r  1000 events i n  the 0.531 band. The o r d i -  

nates are AN/AT where LW i s  the number o f  events i n  the peak f l u x  i n t e r -  

val  AI. I n  t h i s  diagram AI i s  always equal o r  l a rge r  than the d i g i t a t  

count i n te rva l .  For f luxes  la rger  thanabout  9 x l 0 ' ~ e r g  cm-* s'l, the 

d i s t r i b u t i o n  has a l eas t  squares best  f i t  t o  a s t r a i g h t  l i n e  o f  the form 

where A i s  a constant and a = -1.4 f o r  the  0.5-38 band. 

In  f i g u r e  1 (b), f o r  the 1-88 band (900 events), AT i s  always 

la rger  than the h igh  s e n s i t i v i t y  d i g i t a l  count i n t e r v a l .  For f luxes  l a r -  

ger than 100 x 10'4 erg ~ m ' ~  s - l ,  A i  i s  equal o r  l a rge r  than the lowsen- 

s i t i v i t y  d i g i t a l  count i n te rva l .  The excess concentrat ion of events a t  

40-50 x and 80-90 x 10-4, i n  u n i t s  o f  erg c N 2  s - l ,  are produced by 

the low s e n s i t i v i t y  d i g i t a l  count se lec t i on  e f f e c t ,  and were neg lec ted in  

the de r i va t i on  o f  the best  f i t  s t r a i g h t  l i n e .  For the 1-88 band we ob ta i -  

ned a = -2.2. 

The data i n  the 8-208 band (1000 events) has the worst selec- 

t i o n  e f f e c t  produced by the low s e n s i t i v i t y  d i g i t a l  count i n t e r v a l .  The 



Fig.1 -, Differentiai distribution plots for solar f lare peak fluxes in  
the three sof t  X-ray bands measured by Explorar 37 s a t e l l i t e .  M/AI i s  

the nucber o f  events i n  the interval A I  centered a t  a peak f lux value I .  

data are c l e a r l y  concentrated i n  d i sc re te  in terva ls ,  indicated i n  f i g u r e  

1 (c) ,  outs ide o f  whose A N / U  f a l ! s  t o  near ly  zero. The power law func- 

t i o n  was der ived f o r  these i n te rva l s ,  and produced a = -2.9. 

Tlie d i f f e r e n t i a l  d i s t r i b u t i o n s  appear t o  become steeper f o r  

so f te r  wavelength bands. At 0.5-38 band the diagram coversnearly two o r -  

ders o f  magnitude o f  peak f luxes, whi l e  a t  8-208 band the diagram covers 

near ly  less than one order o f  magnitude. At  2-128 band ~ r a k e l  has found 

a = -1.75, which correspond t o  a spectra l  informat ion s i t ua ted  somewhere 

between the bands 0.5-38 and 1-88 from the Solrad eiperiment. 

Peaks i n  the d i s t r i b u t i o n s  are suggested f o r  the three bands. 

These may be a t t r i b u t e d  t o  se lec t i on  c r i t e r i a  a t  iower s e n s i  t i v i  t y  li- 

m i  ts, where background f l ux  cor rec t ions  are r e l a t i v e l  y  more important, 

and should not  be claimed as real  l .  Nevertheless, f o r  the 0.5-38 band, 

the peak a t  about 8,s x l o m 5  erg  ~ r n - ~  s-' i s  preceded by s i x  s t a t i s t i c a l -  

l y  s i gn i f i ca r t t  i n te rva l s  w i t h  increasing  AI, not inf luenced bethe d i -  

g i t a l  count se lec t i on  e f f e c t .  A t runcat ion  o f  the 0.5-38 band d i s t r i b u -  



- 2  - 1  t i o n  i s  more c l e a r l y  not iceable a t  about 9.5 x 10-5 erg  cm s , and i s  

o f  unknown o r i g i n .  

We a lso  no t i ce  tha t  i n  f i g u r e  1, curves (b) and (c) t ha t  the 

c u t o f f  towards lower f l u x  values i n  ra ther  sharp ( i  .e., f o r  the 1-88 and 

8-208 bands). This can be a t t r i b u t e d  t o  the se lec t ion  c r i t e r i a ,  as des- 

c r i bed  i n  tfOAAS. Analog p l o t s  on Solrad X-ray measurements are sometimes 

ava i l ab le  i n  NOAA's data bu l l e t i ns ,  and they include p l o t s  on background, 

o r  charged p a r t i c l e s  inter ferences.  But the data processing computer ex- 

c lude events contaminated by interferences, espec ia l l y  a t  the 0.5-38 and 

1-88 bands. The p l o t  a l so  i nd i ca te  gaps i n  f l u x  measurements, due t o  back- 

ground interferences, o r  t o  the s a t e l l  i t e  s n ights.  The nature and the 

e f f e c t s  o f  background inter ferences on Solrad experiment werealso d i s -  

cussed i n  a number o f  previous ~ t u d i e s ~ , ~ , ~ ,  and i t  does appear t ha t  the 

reported so lar  f l a r e  f l u x  data are  ra ther  f r ee  from p a r t i c l e  in ter fe ren-  

ce e f f ec t s ,  and might provide meaningful s t a t i s t i c a l  treatment. 

S t i l l  r e f e r r i n g  t o  the experiment desc r i p t i on  we no te tha t  the 

f l u x  value a t  the peak o f  the d i s t r i b u t i o n  o f  the 0.5-38 band events i n  

f i g u r e  1 i s  near ly  one order o f  magnitude la rger  than the  lower l i m i t  o f  

the dynamic range, but  the events' se lec t i on  f o r  l i s t i n g  i s  regulared by 

the 1-88 band event se lec t i on  c r i t e r i a .  An event i s  on ly  1 i s ted  when the 

1-88 band f l u x  remains above 3 x 1om3 erg  cmm2 s - I  f o r  more than 3 minu- 

tes. This leve1 i s  more than one order o f  magnitude la rger  than the l o -  

wer l i m i t  from the dynamic range o f  measurement a t  t h a t  band. I t d o e s n o t  

correspond t o  the c u t o f f  e t  the 1-88 band, nor t o  the lowest detectable 

l i m i t  a t  the 0.5-38 band. Weaker events are i n  f a c t  no t  l i s t e d ,  and were 

not  used i n  the s t a t i s t i c s .  A1 1 the 0.5-38 band events have the i  r corres- 

pondent i den t i f  ied  eventsa t  the 1-88 band (used as a reference f o r  data se- 

l e c t i o n ) .  But, i n  s p i t e  o f  t h i s  correspondence, the d i s t r i b u t i o n s  a t  the 

two harder bands look q u i t e  d i f f e r e n t  i n  r e l a t i o n  t o  the c u t o f f  t o w a r d  

lower f l u x  values, which i s  no t  sharp f o r  the 0.5-38 band. On the o ther  

hand, the reported time durat ions are a l so  re fe r red  t o  the 1-88 band,and 

they are  se t  ra ther  a rb i  t r a r i  l y .  But we know from other  works, a t  2-128 

bandl and a t  1.2-38 band8 t h a t  the great  major i  t y  o f  events have du ra t i -  

ons s i  tuated between 10-60 minutes, and 3-30 minutes, respect ive ly .  l n  

the harder 0.5-38 band the durat  ions a re  known t o  be smal l e r  but, doe t o  

the se lec t i on  c r i t e r i a ,  they always correspond t o  1-88 band events w i t h  



durat ions equal o r  la rger  than 3 minutes, and one would not expect any 

serious se lec t ion  e f f e c t  due t o  desconsideration o f  events w i t h  smaller 

durat ions.  A l t e rna t i ve l y ,  i f  the peak i n  the 0.5-38 band events' d i s t r i -  

bu t ion  i s  not o f  real  nature, one should f i n d  a considerably la rger  num- 

ber o f  weaker events i n  t ha t  band which does not  produce correspondent 1 

-88 band events. But t h i s  does not  seem evident  when inspect ing analog 

displays o f  24 hours .Sol rad reduced measurements, which are sometimes pu- 

b l  ished i n  NOAA4s Solar GeophysicaZ Data Comprehensive reports.The p l o t s  

s t i  11 show the existence o f  a number o f  smal l e r  events, a t  both bands, 

bu t  not li!;ted due t o  the se lec t i on  c r i t e r i a .  I n  view o f  these comnents, 

i t does seem tha t  the maximum i n  the 0.5-38 d i s t r i b u t i o n  might b e o f  d i f -  

ferent  nature from the peaks a t  the o ther  two bands. The shape o f  the d is -  

t r i b u t i o n  fo r  lower f l u x  values might be s t i l l  contaminated by se lec t i on  

ef fects bu't se lec t i on  e f f e c t s  but  the c u t o f f  towards lower f l u x  v a l  ues  

seems t o  btr a l i k e l y  rea l  e f f e c t .  

'The data used i n  the present analysis was reorganized i n  the 

form o f  histograms f o r  d i sc re te  autocor re la t ion  analysis o f  the form 

where n(1)  i s  the d i sc re te  func t  ion corresponding t o  the number o f  e- 

vents i n  the i n te rva l  6 1  centered a t  the peak f l u x  value I, n ( I  + k61) 

i s  the histograrn displaced by k times 61, rn i s  the number o f  successive 

i n te rva l s  and ~ ( k )  i s  the autocor re la t ion  func t ion .  

The d i g i t a l  count e f f e c t s  f o r  the 0.5-38 band and high sensi t i- 

v i t y  range!; f o r  the 1-88 and 8-208 bandç are near ly  smoothed ou t  by da- 

ta  reduct ion a t  integers from 1 0 - ~ ,  1 0 ' ~  and 10'3 u n i t s  o f  erg ~ m - ~ s - l ,  

respect ively.  Important exper imental ly  produced quant isa t ion  e f f e c t s  o f  

instrumenti i l  o r i g i n  can be evidenced a t  1-88 and 8-208 bands, se lec t i ng  

61 smaller than the  reported low s e n s i t i v i t y  d i g i t a l  count e f f e c t .  We 

found data se lec t i on  w i t h  magnitudes comparable t o  the reported informa- 

t i o n  on the experirnent5. 

Izi na 

autocorrelated 

d i g i t a l  sens i t  

l l y ,  i n  order t o  e l im inate  these undesirable e f f ec t s ,  we 

the histograms i n  the three bands wi t h  6 1  equal t o  the 

i v i t y ,  i.e., 1 0 - ~ ,  45 x 10-" and 13 x 10-3 u n i t s  o f  erg 



~ r n - ~  s - l ,  f o r  0.5 -38, 1-88 and 8-208 bands, respect  i v e l  y .  The r e s u l  t s  

a r e  shown i n  f i g u r e  2, and were ob ta ined  f o r  b u r s t s  w i  t h  peak f l u x e s  

smal l e r  than about 200 x 1 800 x 1 and 500 x 1 un i  t s  o f  e r g  ~ m ' ~  

s - l ,  i n  the  t h r e e  bands, r e s p e c t i v e l y .  R e f e r r i n g  t o  equa t ion  ( 2 )  , the 

va lues o f  m a r e  200, 14 and 38 f o r  the t h r e e  bands, r e s p e c t i v e l y ,  and 

the a u t o c o r r e l a t i o n  f u n c t i o n  i s  much b e t t e r  def  ined f o r  the  0.5-38 band 

da ta .  

Fig.2 - Autocorrelation functions with the searching intervals equal to 
the experimental ly produced selection effects, 6 1  = 45 x ir4 and 
13 x 10-3 in uni ts of erg s-I for the 0.5-38, 1-88, and 8-208 bands, 

respectively. The 0.5-38 band f lux data tendency for concentration at 

10 x 1 0 - ~  erg s-I is of unknown orig in. 

The f u n c t i o n s  f o r  the 1-88 and 8-208 band data a r e  smooth, 

corresponding t o  randomly d i s t r i b u t e d  h is tograms.  The 0.5-38 band func-  

t i o n  d i s p l a y  a tendency f o r  c o n c e n t r a t i o n  o f  peak f l u x  values a t  about 
- 1 

10 x 1 0 - ~  e r g  cm-2 s  superimposed t o  a  random d i s t r i b u t i o n .  Th is  "pe- 

r i o d"  i s  n e a r l y  t e n  t imes l a r g e r  than t h e  p r e d i c t e d  d i g i t a l  c o u n t e f f e c t  

f o r  t h i s  band, and i t  can be r e l a t e d  t o  the  t r u n c a t i o n s  observed i n  the  

d i s t r i b u t i o n  diagram o f  f i g u r e  l ( a ) .  Th is  unexpected s e l e c t i o n  e f f e c t  

i n  the 0.5-38 band might  a l s o  be due t o  some unknown exper imenta l  cause 

t h a t  r e q u i r e s  an exp lana t ion .  

The c o n f i r m a t i o n  o f  t h e  ex is tence  o f  a  lower f i n i t e  l i m i t  f o r  

s o l a r  b u r s t s  f l u x e s  migh t  c o n s t i t u t e  an impor tan t  boundary c o n d i t i o n  

connected t o  t h e  f l a r e  p r o d u c t i o n  processes. F u r t h e r  works i n  t h i s  res-  

p e c t  a r e  d e s i r a b l e  b u t  they a r e  dependent on t h e  a v a i l a b i l i t y  o f  a  s t a -  

t i s t i c a l l y  meaningful amount o f  da ta  ob ta ined  w i t h  h i g h e r  s e n s i t i v i t y ,  



a t  various energy leve ls ,  i n  order t o  have a c learer  p i c t u r e  o f  the e f -  

fec t s  which were discussed i n  t h i s  paper. 
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