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Preface

This report represents a milestone of sorts in the solar radio burs t/proton

event prediction studies area. For more than fifteen years, the Solar Radio Sec-
tion of the Transionospheric Propagation Branch of A F G L  has directed its ef for ts

toward the prediction of ‘ ca t ast rophic ’ geophysical event s cau sed m ain ly by hi gh

energy protons which impact on AF and DOD operations . Some successes have
bee n recognized . The effort has included many disciplines from component pro-
curement through system design to equipment operation and maintenance. In the
f ina l  analysis, how ever , quali ty data alone are the fuel which makes credit ible
scientif ic research possible.

Our deepest appreciation goes to those who made the collection and dissemi-
nation of data possible . First , we would like to acknowledge the dedicat ion of the

officers and me n of the A i r  Weather Service who have performed so adm i rably as
partners with us at Saga~r ore Hill  and associated stations over the years. We
would like t o com mend our colleague M r . William Barron for the exemplary job
he has done from the outset in verifying and archiving every p iece of collected
data , while at the same time carrying out independent research studies . Mr.
Barron ’s un canny ability to spot mistakes which humans and sometimes machines
are pr one to make, is a rare gift . In this category also are the often not-ful ly-
appreciated present and former editors and co-editors of Solar Geophys ical Data ,
J. Virginia Lincoln , Helen Coffey and Hope Leighton and of the AFCRL Geophysics
and Space Data Bulletin , Anne I.. Hilton. Special lists of proton events painstakingly
com piled by Peggy Shea and Don Smart and graciously shared with us , have helped
Immensely.
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We ,,ould like especiall y to t hank  Dr. Jules Aarori s for h i s  appreciation of

merit  and 5cope of the solar  radio effort , and for his encouragement in carrying

out these inve st igations .
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A Catalog of Proton Events 1966 - 1976
Having Non-C lassical

Solar Radio Burst Spectra

1. INTRODU CTION

Among the various solar and solar-geophysical phenom en a w h ich t ake place,
perhaps the only class which m ight be termed catastrophic — at least in terms of

possible effects on man and his ope r it ions — are the solar flare-associated proton

events (energies ~~10 MeV). It is , therefore , not surprising that a need has arisen
to predict these events. The need has become greater as electronic communicatic .~,
surveillance, and navigation systems have become more sophisticated , to say noth-

ing of man ’s penetration into space with manned and unm anned vehicles .
In the past fifteen years , diffe rent research studies have addressed short and

long range solar act ivi ty  and geophysical event predic t ions w i th va r ious degrees of

success . Overall , moderatel y long range predictions , (a few hours to a few days)

which depend on the development of morphological features of solar active regions ,
have not advanced as rapidly as hoped for considering the large amount of observa-

t ional and research effort expanded. Short range predictions , however , have

advanced nicely thanks to the combined efforts of numerous observational groups

and sundry disciplines, but with radio patrol data play ing a dominan t role. In this

activity, the Air  Force has been a leader.
From the time when people started to take prediction work seriously, radio

observations have been In the forefront . At first there was a tacit agreement that

(Receiveà for publicatIon 12 May 1978)
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the type IV solar radio burst provided the best single correlation with proton
activi ty and , therefore, showed most promise as a predictor.

In the mid 1960’ s when the USA F became seriously involved in geophysical

predictions, it becam e rather clear that there were diverse  impressions of jus t
what constituted a type IV event . Assuming that a type IV burst was a dekameter
to meter wavelength phenomenon , it was apparent that the type IV burst alone was
not well correlated with proton activity,  or at least not wi th  the polar cap absorp-
tion effect from the >10 MeV protons. There were many more type IV’ s than
proton events. Correlation improved when centimeter wavelength burst activity
was added to the type IV events as a necessary requirement. (Perhaps this addi-
tion specifies what trul y constitutes a type IV burst .)  Even so, radio emiss io n
charact eris t ics not nar r ow ly defi ned would st ill prod u ce many “ false alarms. ”
When 5t was specified that the centimeter-burst at any frequ ency had to exceed
1000 solar flux units (iSfu 1 Y i0~

22 W m 2 Hz ’) , t he false ala rm ra t e dropped
rapidl y. The ul t imate in “ fals e alarm ” -fr ee solar radio burst/PCA correlation
was reached when one considered the burst peak flux density across the entire
meter  to centimeter wavelength range and observed a spectrum resembling a “U ’
wi th flux densities �1000 Sfu at high cm and low m wavelengths . 1, 2, 3 Subsequently,
O’Bri en4 modified the cr i ter ia  slightl y to exclude the less important events. The
burst spectrum , ther efore, was the prediction tool to be used . Earl y, it was

recogn ized how well the schem e worked by tes ting i t against Bailey ’s list 5 of 48
principal PCA ’s for sunspot cycl e 19. There for the 48 events listed — some of
whic h appa rent ly emana ted from the far side of the sun and some of which were
associated wi th  flare/  bursts with  medioc re quality radio data — a success rate of
about 75 percent was realized. 1

For sunspot cycle 20 , the success rate in predicting principal PCA ’s was even
greater u sing the meter-centimeter U-shape signature. It has been pointed out
el .sewhere~’ that of 81 radio events observed between 1966 and 1976 having the

1. Caste l l i , J. P. ( l Q ( 8 )  Obser vation and Forecasting of Solar Proton Events ,
A FCRL-68-0 104.

2. ( a st e l l i , J. P . ( 1969) Short t e rm predict ion of solar proton events , Proc. of
Sump. on Ionospheric Forecas ting, Grey Rocks , Canada, Conference
Proceedings No. 49.

3. Castel l i , J. P. . Aarons , J. , and Michael , G .A .  ( 1967) Flux density measure-
ments of radio bursts of proton producing and non-proton flares ,
J. Geoph ys. Res. 72 :5491-5498.

4 . O’Brien , W. E. ( 1970) The Prediction of Solar Proton Events Based on Solar
R adio Emissions, AFCRL-70 -0425.

5. Bailey, D. K. ( l qr ;4)  Pola r cap absorption , Planetary Space Sci. 12:495-541.
6. ( ast e l l i , J. P. , and Barron , W. R. (1977)  A catalog of solar radio bursts  of

1966-197 6 having spectral character is t ics  predictive of proton ac t iv i ty ,
J. Geophys. Res. 82(No . 7) : l275- 1278 .
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I. — shape sp ort  ruin , at least 80 had proton a ~~~~~~~
- r a t i o n . (The p r e s e n t  lia r ~~r r oo d—

ifies that f igure  sli ghtl y . )  In other  words , the “ f a l s e  alarm ” rate  u sing t h e

— s h a p e  spect rum cr it e r i a  is very s t r a t i .  To achieve i h i s  suc c ess , i t  wa~ ir e ’ —

e~~~ar -y  to provide for improved cal ibrat ion accuracy  of the absolute  solar flux and

day-to-day c onsis tency of data . A., an addi t ional  aid toward  PCA p r e d i c t i on  accu-
- - 7 8 9 10 I Iracy, an ent i re l y new burst . a s s i f i c a tt o n  a ls i ,  had to he devi5ed . ‘

Regard ing  p r i n c i p a l  PCA ’ s (~ . 2 - 2. 5 dE at 30 MHz)  1966-1976 , there  were

perhaps a few ev ent s w h i c h  would have been m i s s e d  by the I -shape cr i t e r i a .  The

presen t  report wi l l  ident i f y t h e m .  It neve r wa s expected that  a sing le set of  c r i t e r i a

could he developed for the  p red ic t ion  of a l l  proton or PCA events  from the largest

d’ ,’~ n , t o the sma l l est . Since onl y he larger  events impac t  s i g n i f i c a n t l y ‘,ri opera-

t iona l  s y s t em s , t he re  was no real need t o  w o r r y  about the sma l l  events .  Never-
t h o l i - s s  we have considered alm ost all proton and PCA ev ent .~ w i th in  rea~ on . ‘l h’,,e

not included in Catalog I of 81 events are included here.  The present  report /
cat alog doe s not label a l l  proton/PCA events 196r; - 1976 not included in a t a l o g  I as
“ to is , i - s . ” f-~ver ,  though the proton event may be re la t ive l y :srr all in in ten .,  ity,  the
i ih j ee t iv e  c-i t~~ d e t er m i n e  not merely rad io  associa t ion, hut a l ,o  the charac te r i s ti c - s
of the  radi i ,  er r  i s s i o n  of the  events iden t i f i ed  as proton events  in order to determine
if I hese event ,, as a group, have sor t i e  s a l i en t  fea ture  or o ther  r a d i o  — i d e n t i f y i n g
( :t,rr r a e t e r i  ,t i c  w h i c h  ni ight make t h e i r  predic t ion  poss ih i e  1 ro n sola r radio patrols.
It is also desirable  to inves t iga te  whe the r  the delay to fi r st onset of protons or t~
the  s t a r t  of the PCA from the f lare-burst , is d i f f e ren t  for the  twc’ groups. It
, e e r r , s  that it is.

There are num erous problems in developing s t a t i s t i ca l  r e s u l t s .  In ,o r r r e  ways
d a t a  have improved w i t h  technology pr -ogre ss , hut th is  very progress h a s  c reated
a new set of  condit i on s which  m i l i t a t e s  against  the use of a long t i m e  data  base.

p e ’ - i f k  p r o h l e r r .5 were  d e t e r m i n i n g  s t a r t , max , and end t ime  of proton ev en t s  for
d i f f er e n t  er i e r g i r ’s  or coping w i t h  d i ss irn  i l a r i t y  of t i m i n g  i n f o r m a t i on  for the sam e

7. C a s te l l i , J. P. • and Aarons , J. ( 1968) The spectra of mic rowave  solar bursts ,
As t ron .  J. Supplement 72(Pt 11)(5) :S57-S58.

8. ( : a s t e l i i , J ,  P. , and Guidice , D .A .  ( 1970) On the di s t r ibu t ion  and i n t e r p r e t a t i o n
r ,f m i c r o w a v e  solar burst  data , Proc. 1970 G-A P Internat ional  Sym posium,
Colu mbus, Ohio , p. 83-93.

9 . Caste l l i , J . P. , and Guidice , D .A .  ( 1972) On The Class i f ica t ion ,  Dis t r ibut ion
and Interpretation of Solar Microwave Burs t Spectra and Related Top ics,
AFCRL-72-004 9 .

10. Gu i d i e, D.A. , an d Castell i , J. P. ( 1972) Spectral characterist ics of micro-
wave bu rst s , Proc. of NA SA Symp, on High Energy Phenomena on the Sun,
Greenhelt , Md , NASA SP-342, pp . 87-10 3.

11. Gu id i ce , D . A . , and Castelli , J. P. ( 1975) Statistical characteristics of the
peak flux density spectra of solar microwave bursts , Solar Physics 44:
15 5— 172.
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en e rgy  h an d , d e r i v e d  from di f fe ren t  vehicles .  S e n i i t i v i t y  d i f ferences  of d i f fe ren t

e r i s ( ,r s  ( e a r l y vs recent  vehicles)  impacted  severel y on “ s t a r t , ” that  is , delay

i n fo r m a t i o n .  PCA t i m i n g / i n t e n s i t y  i n f o r m a t i o n  g r e a t l y d i f f e r e n t  f rom s t a t i o n — t o —

st a t i o n  and h e m i s p h e r e - t o - h e m i s p h e r e, i m p lied the need for the a lmost  impossible

task  of n o i r r i a l i z a t i o n .  Other-  problems wil l  he noted in d i s cu s s i n g  data sources.

l i t  i r r a t e l y f r r o ( - i s e  s t a t i st i c a l  r e s u l t ,  for many event .s was imposs ible  t o  a r range,

and t r e n d  i n f o r n i a t ion  be t ter  descr ibes  some of the r e su lt s  of the  ef for t .

2. l V l \ Sot IICI - .S

2.1 ProIui ,~ , N A l’.~cnt ~

The ;~ a r t i n g  poin t  in r esearch ing  dat a  f r , r  th i s  ca ta log  of a n o m a l i e s  by he
— hap e c r i t e r  Pr , ‘,,as ‘ he co l lec t ion  of all PCA and pro ton  i n f o r m a t i o n .  Since th e

USA F th r ou g h A W  or t h e  p er iod  in q u e s t i o n  has operated a program — “

( Sf ia c- I ~rrvi r - r , n r r , c - n t a l  Support -Pv t e r r ) dedicated to the  c o l l , - r t i ’ ,n a r i d  use of all

s o l a r  and p a r t i c l e  d a t a  w h i c h  m i g h t  impac t  on opera t ions  — vast  ar rr r ,unts of }re ,e

d a t a  f t  r i  v ;or l d  —v , ide  m i i i  I a r \ -  c i v i l i a n  and educa t iona l  r e  ~earch groups have

t ic -e n ‘ on ’is- - , c’d I i ., A ~~~~~ and  d i s  em m at e d  in p s e u d o — r e a l  P r r i i -  by t h e  A i r  W e a t h e r

~e rvj c e , The f i r s ’  - iource of data , t h e r e f o r e , were  a rch ived  data  from th ~ T T :
i i(~~~ SOgO 0 -r e ,  j n a l  a t  Sa garr r r -e l i i i ? .  P (A  data reported there w e r e  n - o i l e r  Cu at

T h u l e , ~l ’- 1, t erd ’ s H:, ’, , M cM u r d e  in the A n t r i r t i c , and at othe r  site ~ . S ’ , r n e t mes

m i s t i l y, t im in i g ar id  o t h e r  p a r a r i l e t e r - , repor ted p r o r i r p t l y v~e,-e la ter  revised.

I l e n s - c , l , t i - r  :e’.’ir ’ w-s and p u b l i n - a t  ions such as t i r e  NOAA Solar ( e o l i i r y s i e a  I Data , 12

P e p s i -I  1 - . ( , , r - m a r ’3 ’ 
14 Ii ~ t i ng  PCA data  fr-em the  A i r  Force  Thule  S t a t i o n , and

flui,,e r s i r s  r epor t - and j ou r n a l  a r t i c les  by Masley ’ ~ 16 , 17 , 18 and ot h e r - s  1 i~~t ing
da t a  fror i:  I I s -  M e D i s r ell —Doug las r i om e t e r  s t a t ions  were  used.

12 . ~‘. : t i o n a l  ( i t - c o n i c  and A t n i i s i , j i h r e r i c  A d n r r j n i s t i : , t i r , r r  ( l ~r i , i ; _ l 9 7 6 )  Solar Geo—
p iry s i c a l  I ) : ta Bul le t  i n s .

11 . ( o x- r i er , f t .  .1. ( 1970) Pr ,lar f l io m et er O i i s e r - v a t  ions ,  A FUR L—7 0 —06 ° O .
14 . ( r r m i e r , II . J. ( 1973)  Thule H i o m e t er -  ( ) h s e r v a t P n s of J ’ s l a r ( op A t , ~~~p~i~~ri

E v e n t s  ( P t i ; 2  — 1 9 7 2 ) , A F C H I . — T R — 7 3 — 00 ;O . 
- —

15 . M a s l ey ,  A. J. ( 19 7 1 )  The McDonnell I)ouglrss Oeop hysica l  Obse rva tory
Pr o g r e s s  Report  X, MDC-G273 6 .~~~~~~~~~~~~~

16 . ,M a s l , - ’v , A . J .  , and Sa t t e r -hls , m , P . R . ( 1969) A d i s c u s - i i o r r  of solar C u a r i r i c  ray
a c t i v i t y  near -  -sunspot m a x i m u m , Proc. 11th m t .  ( o n f .  on ( o - i r i i h -  f l ay - s
Budapest , 19 ( 9 , p. 5 13—519 .  — -________ ____________ —

17 . M a — I c y ,  A. J. , McDoneugh , J. W. , and Sat terblom , 1’. Ft . ( 1970) Solar  Co- ,n i i i c
Hay O b - s e r v r s t  ions Dur ing  1969 , A n t a r c t i c  Journal  of I i rs ’  I . S. , ~i( No . ,)  : 1 2 7 .

4 18 . Ma sley,  A .J .  ( 1974)  The McDonne l l  Douglas Geoph y s i c a l  Ob se r v a t o ry  Pr ,,-
~~~~~~~r2~~~~ :s Rep o r t  XII , MDC G5l90 .  

- —  _______
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Proton data used were those reported by the various satel li te sys t enr s ;  ( ( ~~ ,

Explorer/ Imp,  Vela , ATS- 1, GEOS, Pioneer , etc :. Regon iz ing  that  it is best if  a

single source (vehicle) of proton data could be used , we have rel ied heavil y on data

from the “Explorer” vehicles wheneve r possible. These have been mainl y found in

the NOA A Solar Geophysical Data monthly reports.  12 At t imes  proton data or

informat ion  derived by private communication — with  researchers h. ving basic

respons ib i l i ty  for par t ic le  measur ing systems carried aboard different  satelli tes

and hav ing  custod y of the raw data accumula ted  — were used. Beport. and publica-
- ‘ - - 19 20 21 22 23t i o n s  which  contained valuable lists were ‘

2. 1. 1 PCA A N D  PROTON EVENT CRITERIA

‘I he c r i t e r i a  for including a PCA event was generally the fact of the report

f rom the various r iometer  data collecting agencies that  a PCA had occurred.  The
PCA at 30 M H z  migh t be as smal l  as a few tent hs of a decibel.

The c r i t e r i a  for l i s t ing  an event as a proton event was an increase in proton

flux above the  background in channels , inc lud ing  predominant l y 10 MeV or >10 MeV

pr oton energy.  For mos t  vehic les, an increase of 0 .2  protons cm 2 sec~~ .s t r ~~
could be reli a bl y de tected. Proton flux increases in lower (or hi gher) energy
channels somet imes  hel ped in resolving small increases in >10 MeV channels .

Once a proton event was iden t i f i ed , a more d i f f i c u l t  t a sk  was to de r ive  r e l i o b l e

data rega rding the s t a r t  t i m e , max t ime , max in t ens i ty ,  and d u r a t i o n  of the  event.
It is most d i f f i c u l t  to der ive  -ons is ten t  s t a t i s t i ca l  data f r o r i i  d i f f e r e n t  even t s , whe re

somet imes  d i f fe ren t  vehic les  observed the d i f f e r e n t  evont s and w h i t - r e  t h e  s e n s o rs

of the two  vehicles were  d i f f e r e n t  in s e n s i t i v i t y  or even c han n el w i d t h .
A q u a n t it a t iv e  n o r m a l i z a t i o n  of  data was not a t D - i r r p t c - d .  Some a s - a k  s-: ’c ’nts at

f i r st  “ suspect , ” were  more  or less v a l i d a t e d  when more  t i t a n  one v e t r i ’~le observed

the c-vent. The lar g e r the  event became, the  less suspect  j t  w r r  ;. J P ,w c v . -r , ‘ - v t - nt .s

19 . Cas t e l l i , J. P. , and Aarons , J. ( 1970) Short Term Pred ic t ion  , i f  -a j a r  Proton
Events, McGraw Hil l  Yearbook of  Science and~~ n o o~~ - , D . N .  I .o7~~In ’s ,
Ed. , pp. 353-3-57 .

20. Dorlson , IT . W . , f ledeman , E. R. , Krep lin , R.  W. , M a r t r - s , M. J . , Oh d r i k c ,
V. N . , Shea , M .A . , -Smart , D. F. and Tanaka , II. ( 1 9 7 5 )  Catalog of Solar
Par t i c le  Events 1955- 1969 , Vol. 49 of A st r o p h ys ic s  and Sj~a ce .~cienre
Library,  Ed. by Z. Svestka and P . Simon , D. R e ide l  Pub . Co. , Dordrecht ,
Holland.

2 1. Carri gan , A.  L. , Ed. ( 1970) AFCRL Geophysics arid ~pacc Data B u l l e t i n ,  1970
(4th Quarter- 1974 , Appendix A) .

22. Shea , M . A . , and Smart , D. F. ( 1978) Sign i ficant Proton Event- ,, 1055-1969 ,
AFGL-TR-78-0028.

23. Van 1-lollebeke , M . A . I . , Sung, L. S. , and McDon al d~ F. B. ( 1975) The
Va ria t ion of Solar Proton Energy Spectra and Size Dis t r i b u t i on w i th  HelP-
longitude , Solar PhysFcs, 41, pp. 189-223.
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whe ther large or small  which may have been associated w i t h  f a r- s i d e  f l a r e - b u r s t s ,

are a lmost  impossible  to predict and he correlated w i t h  an i d e n t i f i a b l e  solar f l are/

bu rst. Weak t~ mod erate “ events ” associa ted wi th  co - ro ta t ing  reg ions also occur
and are d i f f i c u l t  to predic t .  This  general area is beyond the s co p e  of th i s  stud y.

From the foregoing, it is to be expected that the present l i s t  w i l l  contain proton

events not correlated wi th  radio bursts . There is one point to he made about non-

f lare  associated proton events vs fa r - s ide  events — they are generall y not very

large.

2.2 Radio l)ata

A f t e r  ident i f ica t ion  of the high ene r gy proton and/ or  PCA event , the next

proble m was i t s  cor re la t ion  w i t h  a p a r t i c u l a r  r ad io  bu r s t .  In th is , , , t h e r  ai ’l s  such

as f l a r e - t i m e  i n f o r m n s r , t i o n  and ac t ive  region h i s to ry  du r ing  present and e a rl i e r  d i s k

passages were used . The I m p  4 and 5, 0. 5 to 1. 1 MeV elect ron onset  data and

profiles were  somet imes  hel p ful since e lectrons  ( i f  the proton event i- s also an

electron event) , ar r i v e  rap idl y in cont rast to I s r c , t c ,n s  and tent ] to correlate well in
t i m e  wi th  r a d i o  burs t  data .  Hence a radio burst  or optical  flare occur r ing  at about

the t i m e  of the  electron event , is a good candidate  for corre la t ion w i t h  the proton

event.
A m b i guit y between several  f l a r e/hu r st  c andidate s and pro ton increases was a

problem at t i m es . It was worst  du r ing  sunspot maximum years and was especially

acute when proton prof i les  appeared to be related to more than one parent event
over several days. It was fu r the r  compounded by the incidence of SSC effects to

mod ulate a proton t ime- in t ens i t y profile. Sometimes appreciation of active region
behavior rela tive to burst production , allo wed us to make more reliable correlations
t ha n w ould be possible by flare da ta alone. For example , a given region tends to
generate bursts wi th  quite si m i l a r  spectral  charac te r i s t i cs  over many hours.  In

some inst ances , we have arr ived at parent event/proton event associations which
are difference from those of other researchers. No doubt there are some incor-
rect correlat ions.  Often , one is inclined to merel y select the biggest flare nearest

the t i m e  of the proton event for correlat ion.  Clearly, the appreciation of , and use

of radio da ta improves proton correlation studies.
As no single source of proton data was used in compiling the present list , no

single source of radio data was used. The princi pal sou rces of radio dat a for
correlation purposes were the Sagamore Hill and Manila Observatory radio data
monthly listings maintained at AFGL and published in the AFCHL Geophysics and
Space Data Bulletins through 1974. 21 The same data appear continuously in the
NOAA Solar Geophysical Data monthly reports. 12

12

__________ __________________________________________ ________________ 
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The LAU Quar ter ly B u l l e t i n  of Solar A c t i v i t y 24 through Secembe r 1970 was
especially usef ul since radi o b u r s t  data from many reporting observatories were
l isted  there in  wi th  notations of f lare  associat ion.  The burs t  data from about a
dozen European and F’ar  Eas t observatories complemented the Sagamore 11111 and
Mani la  data essentiall y in the microwave  range .

Earl ier , correla tions F or the year’s 1966_ 1968 19 and Appendix A of the AFCRL
Geop h ysics and Space I)ata Bul le t ins  October 1970 th rou gh Decembe r 1974 , 21

where in  proton events were r-esearched each quarter , provided a s t a r t i ng  point for
the present ef for t .

2. 2 . 1 RADI o BURST CR I T E R I A

I” rum the procedure fo l l owed  in p repar ing  th i s  list , c r i t e r i a  are more appro-
pr ia te  to  t he  proton event -selection . I lowever , in va l ida t ing  the solar  source of
-‘10 MeV s - v e n t s , we had s s , i i i e  h i ; r .~ t o w a r d  cent imeter  wavelength burs t s .  Fur the r ’-
i , i , , r - e , it  was  believed t l r : t for ~is ihle  d i s k  Proton events burst flux densi t ie s
.11) Y l0 _ 22 W c r

2 i i ,
.
~
l at s - n c r  A (even for t i re  smal lest  events)  should be found.

N ever ths ’l  es -s , if no cm -~ h u n - st  coulr ] he fs u m id , meter  A no i se  s torms  and d e k an i r e tr i c
sweep events were also inspected.

3. PROTON F~VEN TS 1 966—1976

3.1 Table of En’enta

‘I able 1, the hear t  of the present  e f fo r t , conta ins  a list  of P r o t o n  and PCA
event-s  not inc luded in catalog I , 

6 sin -e they did not r :onfor ru to  the se lec t ion  cr i t e r i a
for i nc lus ion .  ‘l’he data g iven  in t I r e  17 c o lu n in i s  are obvious i n r l l i  t h e  column head —

ing. Note  sc:sper ia l l y tha t  co lumn 16 indica tes  ‘‘ I I ’’ for tnose 4 events which  shou ld
have been inc luded In catalog I .  I t  also indica tes  “0” for those 31~ events for w h i c h
the  source was uncer ta in .  I - o r  s o r t i e , t h ~ pro ton incre a se-i  mni os t  ce r ta in l y were
from far ’  s ide a c t i v it y .  These “0’ s w i l l  be r l iscussed more  in a l a t e r  sect ion .
Our m a i n  in te res t  is necessar i l y in p r e d i c t i n g  p r in cIpa l  p ro ton/P CA p v ef lt  whe re
the ‘10 MeV proton count exceeds 50 and where  the PCA exceeds 2 . 0  dl] .

24 . In terna t ional  Astronomical  U n i o n  ( 1966-19 7 1) Quarter ly  B u l l e t i n  s f  -Solar -
A ct i v i ty ,  Waldmeier  Ed. , publ ish ed by Etdgenossische ~Fe~~~~~~~~

’
~~~~ur ’ic - tr .

-

~~~ ‘3
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Table 1. Conrprehensi-

F -- -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
- _______

I) a te  I T  V e h i c l e  1- lar e  F ’lare- l’ r ,r t om r
Lv ’- , , ’ Proton Proton Pr oton 1)ur a t  io n or F l a r e  T i m i n g  Ru r st Ca r r ing ton  M c M a t k r  1- lux Mc

N , , .. , \ s - a r  - t a r t  ~~~~ r t  \1~r~ l i a r  - Si t s ’  Imp.  I -  D isk Pos. Long. N ss . .10 Mt

I 1967 213 Jarr 28/ 1500 29 ‘180 1) Si Thu le  — — Far Side — — 7f ~~
1400 29 1800 131 M r M u r d o  W— 150° 9

2 1967 2 I- s’t~ 2/200 0 130 M i  \ l u r do  — — Far Side — — 67 *
9

1 i~~( 7  1 1  I- “I ’ S 1746 N22 , W 10 2. 5*
4 R M 1804 126 ° 8687

13/1900 16 0201) — M r -\ l u r d o
4 1967 11 M a r  11/ 1900 12 1190 0 2~ ‘J lr u l e  — — F a r Side — — 25*

12(1900  Al rT i lu r do
-
‘ 19 1 , ?  6 Ju n 6 090( 1 7 , t i SO ( i  6 1 ‘Fhu le S N ”  5/ 1950 N24~ E90 224 ° 8818 32 *

9 9

6 I ‘i i ; ?  12 J u r n  — 15/1600 - 7 11 ‘J hu le  — — 1-ar - Side 290° ~ 1]eturn 0. 9*
R gn. #8818 Nr .  East L imb 9

7 1967 5 J u l  5/—080 0 6 2200 — - ;l~s - j ~ . f l a y  — — F’ar Side — 8878 at  0. 9*
WOO or
8863 t I
W 12 9

H I i ?  18 Ss- j r l  19 0100 1 9 ’ l B O O  6 ,  \ 1 , - \ I , r r ( t , ,  2 14 18/2316 N 1 6 , W O O 186’’ 8973 3. 6

I ’  1967 20 Sept — 20/ 1800 — \ l c Mu r d s ,  — 8972 6 ,4 *
Many  sub- f la re  nr.  west l i m b ;  ju st  beyond ?

10 1967 7 N r , v  — 7 01100 — \ l r \ l ur ’ d, ,  55 7/ 0157  515 , W51 — 9047 2. 5*

i i  l~)67 l:t N , ,v  13/0 :100 1 50 10 0  — \1 ,Mur d , ,  SN — — — 90fl7 2,  ~r *

12 1967 3 Der 3/ 0930  : 3/ 12 : 3 0  — I-;xp 34 — F a r  Side — 903J 1 — 4 0
— 3 1400 M -Mur do W100 9

13 1467 i t ;  l)s ’~- 1( 1 - 0400 — 40 l- :xp 34 SN 16/0247  N23 , E66 :t :t o” 1118 —
— I I ; - 1700 \ l ’ - M u r h r  Probable

14 1967 17 1~~ - t-  — — SN 17/ 1818 N l 0~ W09 :33 ” 9 115 5.0
17/2 100 ~‘.1r\1 urdo

15 1968 2 Jan 3/ 1800 — — Exp 34 lB 2/0519 S22, E89 90 9145 0.4
0529
054 5

16 1968 I i  Jan 11/ 1830 — B Exp 34 lB 11/ 1659 S25, W38 91 9145 1, 6

t
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Table 1. Comprehensive List of 118 Proton Events 1966-1978 Not Found in Catalog I

, - t i r r l e  Flare Flare- Proton Burst  Burs t  Integrated Radio
1- lare T i m i n g  Burst (‘a r r i ngton M cMath  1-lux Max PCA f i r n i n g  Max H ad io  Flux >‘10~~ ~

- , i , -  Imp.  I T  I ) i sk  Pos. Long. No. - 10 M eV dIl ( ‘ 1  (Sfu . ) Spectr um and Remarks

h u le  — — Far  Side — — 75* 2 . 7 — — — W E
s-Alu r do  W- 150° 9 7 .0 0

\ lu r do  — — Far Side — — 67* 2 . 6 — — — —

()

S 1746 N22 , Wl 0  2. 5* 13/ 1743 1. 4 dela y to on set ,
413 M 1804 126 8687 1804 40-80 F’iat 1. 2h delay to m ax ,

\ Iu rdo  0. 5 1830 5Gb
rul e  — — Far Side — — 25* 1,0  — — —

9 1. 6 0
c r ! ,  SN -’ 5/ 1950 N24 , E9O 224 ° 8818 :32 * 1.8 5/ 19 15 0 .5

7 9 7 1951 — 2 0  1-’lot
2139

i t O -  — — Far Side 290°? R e tu rn  0. 9* 0 .3 — — — —

Rgn . #8818 N r .  East i . imb 9 ()

“-i ’- flay — — 1-’ar  Side — 8878 at 0. 9* 0 .3  — — — —

WOO or
8863 at
W 129 ( )

c -\ I ursj o 213 18/23 l t ~ N I l ; , WOO 18G~’ 897:3 :3. (~* 0. 6 lii 2320 1. 7
1 5 / 2 : 3 5 5  2 5 — 7 5  1- lat
19 0:320

, - M ur ’I s r  — 8972 6 , 4* 0.8 — — — —

M a n c y  sub-f lare  nr.  west l imb;  just beyond ? o
1 , - M u r s i s s  SN 7 / 0 1 5 7  S15 , W51 — 904 7 2 , 5 ’ - - 0. 1 — — — Possible opt ica l

()  No rad io
I \ I , r c r l , ,  SN — — — 90t ;7 2. 5* 0. 5 12/ 1340  Very  week radio

9 1350 15-80 or opt corr
0

‘ p  ~-i — — Far  Si ds -  — 909 1 — 4 0  3/ 0854 Type Il
- \ I  i r s - r i , ,  W lOO 9 9 1, 8 0

14 SN I ’ ;  ‘1)247 N2 3 , EGO 3:39 ’’ 9118 — 5 ,0  1 ‘;/ 024 6 0. 8
i t  ‘,iu r ’i , ,  Probable 0 .8  0252 70-300 1-lat

0317
SN .7/ 1818 N 1 ’ 4 , W09 33 ” 9 l i . ~ 5 .0  17/ 1834 0. 3

i , -\ I u rd , ,  0, 7 1839 30-60 1-’lat
1848

— c  c 4  1 ) 3  2 0 1 ”  522 , E89 ¶40 ¶ 4 1 4 5  0 . 4  — 2 0521 3500 U Belongs in
0 , 2” 0523 w i t h  Catalog I
(1 , 4 5  0534 Type II

~c~i 113 1 I / 1 ’ ; s ’s 52 ,, W 38 ‘ i i  4 145  1 .6  11/ 1658 Weak —

— 1700 200-800 1
1707

I
15
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/
‘I’ ;’ h I s —  1_  ( ‘ ,r / r F r t 4 ’ 1 ’ ’ c ,  , i , —  I i—r I

Date UT Vehicle 1-lare I l ; s r ’ ~ Pr , ,tori
Event Proton Proton Proton Duration or Flare T i m i n g  l 1 c r r  -

, ( : . r r i n r 1 c l ,r Mi Mali Flux \ l : —
No. , Year Start Start Max hours Site Imp. I I)rs k I” . . l ong. N , .  ‘10 \1 ’ -6

— 

17 1968 8 Feb 12 Exp 34 — — I- t s r -  -P d s-  — 4 184 1.
8/ 1500 8/ 1700 MeMurdo W ll S” ’ 9

18 1968 17 Feb 17/0330 17/0900 24 Exp 34 lB 17/0252 5 17 , V r 4 7  2 1
0 

9204 2.0
Rio m.

19 1908 26 Apr  26/ 1630 26/2000 33 Exp 34 — — I -a r  Si , ls -  — — I; . 0
1630 1815 McMurdo

20 1968 12 Jul 12/0530 12/0900 — Exp 34 2N 12/ 0000 5 12 , l -10  157 ¶4 ,0:3 0.3
12/0600 12/1100 Riom ,

21 1968 12 Jul 12/ 1600 13/2300 — Exp -34 2N 12!- - 1348 511 , W2 ( )  170 ° “ 499 ‘i i
12/ 1930 13/ 1900 Riom.

22 1968 26 Jul 26/ 0900 26/2000 — Exp 34 — — I -a r  Sir],- — S ( i i  I i  F,
9 9 —

23 1968 14 Aug 14/ 1600 14/ 1930 24 Exp 34 113 14/ 1327 N Fl , W80 163 ” r , ’ ; 7 0 . 2

24 1968 28 Sep t 28/ 1100 28/ 2200 — Exp :34 21] 28/ 0721 518, E3!i 228 ° 9692 0. 4;
M c M u r do

25 1968 28 Sept — 213 28/0152 513, KOG 210 0 469 2 6 . 0
28/0800 28/2:300 McMurdo

26 19(;8 4 Oct 4/ 0200 4/0800 72 Exp 34 213 3/2343 517 , W36 173 ” 469 2 30
4/06 15 4/0900 McMurdo

27 1968 27 Dec 27/1400 28/0400 72 Exp 34 213 27 1050 N16, E03 100° 9842 0.4

28 1969 24 Jan 24/ 0810 24/ 1230  40 F:xp 34 21) 0720 N20 , WOO 106” 9879 3.2
1400 1700 1!) TVl cMurdo —

29 1 969 28 Feb 28/ 1300  28/ 1600  15 I-: xp 34 SN 1231 S2l , l - O 9  : 1 4 4 ; ” 9957 2.0
1300 1800 33 Riorn . —

30 1969 11  Apr 1 1/ 0 2 3 0  13/0: 300 240 Ex p  :34 lN 10/0410 Nil , E90 750 10035 1350
11/ 1300 Thule l]et urn of —

9994

31 1969 21 Apr 2 1/ 0 1 0 0  22/ 0600 12 Exp 34 313 21 200 5 N 2 4 , W32 65° 10035 Small
2 0 11
2103

2
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r1~ah lC I . ( o c r  r n - I r s - n  - ye l i - t i of 118 I-’n - ot  ‘ m r  Event s  I F 4 ( i ,  — I ‘7P N u t  Found in Ca talog  I (Cr ,n t.

Vehicle F l a r e  1- la re- Pr ,,ton Bur st  Bur st  In t egra ted  Ha d i o
or Flare T i m i n g  B u t - r i Car r ing ton  M e M a t h  1-lux  M a x  l’( i\ T i n n i n g  M a x  l i a r i c ’ , 1- lux >,l0~~~

Si te Imp. I ‘f Disk l ’o- - I ong. N , , ,  -1 (~ M ’ V  dIl t T  (Sfu. )  ~~- ‘ - l  rum and 3 3 , - t m c- k ~

Exp 34 — — Far Side — 9184 1. 6 — — I’ rrm } t rt , I- , beyond V, -
M c M urdr , W i  15° ‘t 9 0 . 6 0 I i w O . , N , , opt ‘,r Had.
E xp 34 113 17/ 02 52 N l 7 , W47 251 ° 92 04 2. 0 17/ 0250 — \‘, ‘ - rm k 0 .4
Riom.  0 .4  0252

0313

Exp 34 — — I-ar  Side — — 6 , 0 11 — I hr ‘0- lay
McM urdo 9 0. 5 26/ 1529- ,,, r~ ,ns. -i

1534 0

l-:xp 34 25 12/ 0000 512 , 1510 157 ” 9503 0.3 12/ 0000 0. 5 . 5,rn1dex
lOom . 0. ¶ 1 0009 — 100 I - I ; , ?  period , m u 1t ip l~ Events.

0023

I - x I s  34 2 N  12 !-- 1348  N i l , W20 170° 9499 ,0 12 / 1347  :3 , (1
H i ’ , , , , ,  0 . 3 1405 80 I-It ~i

1434

15xp 34 — — l- t r r ” :d’~ — ¶ 45 0 3 0 . 5 — — — —

— ( I

I - x I s  :14 111 14 1327 NFl , W80 163 ° 9541 7 0 .2  14/ 1322 ~~ -a k :i, 0
— 1338 — 400 -- A”

1421
I~~ p 34 ~I c 28 / 072 1  S18, l- ~3S 228° ¶4 692 0 . 6 2 8/ 0712 2. 0

0840 — 5 0  J- ’Ia t
1 .2  1310

213 28 / 01 52 N 13 , 1506 2100 -9692 6 , 0 — 7 5  1-1st 0. 8
MeMurdo 1.2

i x !. 34 213 :3 -2:34 : ! 5 17 , W36 173° 9602 30 3/2 347 2. 7
51 r - M u r d , m  1. 6 4/ 0010  5 0 — 1 0 0  1-lat

4 /00 50
l- xp 14 213 27 - 1050  N16 , 1503 100° 9842  0 . 4  — 2 7 / 1 0 4 7  I lelrr n gs in

1056 x 2830 1 (‘atalog I , long dur .
— 1122

I -~-p 34 213 0720 N20 , WOO 1041° 9879 :3 . 2  — 24 0705 0. r i ’  2. (1
5I ’- Mt r r d ’ ,  — 1.4 0720 150 b lat

0845
I- :xp 14 SN 1231 521 , E09 346 ” 9957 2. 0 — 28/ 1231 0 . 2  or 0 .8  could he
I i r ’ , , r , ,  — 1.0 1237 — i :  - t i  f ror i i  Hgn 1 h i 4 i , ,,ver

1314 W , l i mb

I-:xp 34 I N  10/ 0410 511 , 1590 75° 10035 1:350 — 10/ 0355 St a r t  , , 1 Beyond 1-Sist l i m b .
Th ule Return of — 12-16 10/0359 — 7 5 0  I

9994 10/0 414
I - x p  :34 113 21 200:, N 2 4 , W32 65° 10035 Small  21/2005 x 2500 ‘ A n t i k  Burs t  fast r ise;

2011 — 2008 t -  possible for Catalog I.
2 103 20 19
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Table 1. Comprehens ive  FL

I)ate I T  Vehicle Flare Flare- I’rot s ,r
Event I’r s,t o n Proton Proton Durat ion or Flare T i m i n g  Burst Car r ington McMath  Flux ~r i

N i t  . , Y e ar  Star t  Sta rt Max  hour s Site Imp. UT Disk Pos. Long. No. -10 M’-

:32 1969 2 May 2/ 0450 :3/0000 16 — lB  2/ 1745  NO8 , W40 279 ° 10057 Smal l
1752
1840

:13 i 9 ;g  s ~1ay 5/ 1320 5/ 1600- 24 — SN 0919 NO9-W73 279 ° 10057 Small
2200 0958

34 1969 13 May  13/0500 15/0000 144 9 ? ‘) — — Small
15/0000 R io m .

~3s 1969 20 May 29 /2114 2 9/2200 25 Ileos lB  1939 N 1O , W76 318° 10109 0 .33
P > 6 M e V

:3 1, 1969 25 Sept 25/0800 25/ 1000 12 Exp 41 IN  0630 N 13 , W 15 1300 10326 20
1000 1300 Shep. Bay 0658 —

0753
:37 1 969 27 Sept 27/ 1000 27/ 1900 >12 Exp 41 313 <0350 N09, E02 88° 10333 0.9

27/080 0 27/ 1000 McMurdo . —

38 1969 27 Sept 27 /2200 27/ 2400 48 Exp 41 i N ’ s  0326 NO6 , W73 155° 103 25 10. 0
28/0300 —

39 1969 14 Oct 13/ 1000 14/2200 72 Exp 41 9 — — — — 1. 6

40 1969 14 Oct 14/0800 14/ 1100 8 Exp 41 2N 0539 N25 , W71 296° 10352 3 .0

41 1969 l4 O c t  14/ 1945 14/2100 20 Exp 4l — 1847 — — — 1.6

42 1969 7 Nov 7/0830 8/0400 45 Exp 41 2N 0320 N 14 , E l i  238° 104 06 7 . 9
7/ 1200 8/0700 Riom . ‘5 9 9 9 or —

10412

43 1909 30 Nov — — Exp 41 SN 1700 N23 , E02 3 18° 10447 Sporar i c
171 0
1 727

44 1960 18 Dec 18/ 1620 18/2000 25 Exp 41 — 1445 Beyond 171° — 1.5
McMurdo NW ? —

Limb?
45 1969 20 Dec 20/0100 2O/C~5O0 55 Exp 41 8.0

20/0100 20/0500 65 No Flare Patrol 9

46 1969 30 Dec 30/2010 31/1000 >20 Exp 41 iN 1927 Sl4, W85 219° 10491 2.0
McMurd o

- ,-1-~~
_
~~
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Table 1. Comprehensive List of 118 Proton Events 1066- 1978 Not Found in Catalog I ( C o n t . )

P ehic l e  Flare Flare- Proton Burst Burst Integrated Radio
or Flare Tim ing Burst Ca r rington McMa t h Flux Max PCA T iming  Max Radio Flux yb -’7

Site Imp. UT Di sk Pos. Long. No. >10 MeV dB UT (Sf u. ) Spectrum and Remarks

— lB 2 / 1745  NO8, W40 279 ° 10057 Small 2/ 1748 Medium Small event cannot
1752 — 1750 — 500 “A” p redict from data
184 0 1756

— SN 0919 N 09-W73 279 ° 10057 Small 5/ 0935 0.5
0958 — 0958 —‘ 20 Flat

102 5

? — — Sm all — Source u ncertain
iom. 1.2 0

eos lB 1939 N 1O, W76 318° 10109 0 . 3 3  2 9/ 1 9 3 8  — A 2  0 . 7

> 6M e V  194 2 Correlat ion probable
1945

x p 4 l  3N 0630 N l3 , W 15  130° 10326 20 — 25/0630 <iO- 17
lep. Bay 0658 — 0. 7 0730 — 18 Flat

0753 0840

xp4 l 3B <0350 N09,E02 88° 10333 0.9 — 27/ 0345  > 3 . 0
cM urdo . — 0.3 0435 —80  Flat

0715
xp 41 i N ’ s  0326 N06 , W73 155 ° 10325 10. 0 — Uncertain — 3 0  Flat 0 .4

— 1.7 27/2059
x p 41 ‘s — — — — 1. 6 — — Unknown

— 0.4 0 CO-ROT. RGN ’s
xp 41 2N 0539 N 2 5, W7 l 296 ° 10352 3.0 — 1.4/0540 0 .2

0. 4 0554 — 1 0  Flat
0650

xp 41 — 1847 — — — 1.6 — 14/ 1838 — Possibly at
— — 1847 W7 1, unknown .

1858 0

Xp 41 2 N 0320 N 14 , E l l  238° 10406 7 . 9  — 7/ 0339  Uncertain source
iom. ? ? 9 or — 1 .4  0345 ’s  — 6 6  3 possibles

10412 
• 

0348 0

xp 41 SN 1700 N23, E02 318° 10447 Sporadic 30/1704 Suspect No. 10432, two
1710 1706 — 200 Flat days beyond W. l imb .
1727 1720 0

xp4 l — 1445 Beyond 1710 — 1.5 — 18/ 1445 1.0
cMurdo NW 9 — 0.6 1,515 30-200 Fiat

Limb ? 1550
x p 4 l  8.0 19/2335 1. 3

No Flare Patrol ? 2348 25- 100 Flat
1.3 20/0025 Type II

xp 41 iN 1927 Sl4,W85 219° 10491 2.0 30/1918 0.3
Murdo 0.4 1924 20-100 Flat

1940

17
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Table I .  Comprenens ive  List  of 1

I) ate UT Veh r n 0’ I- l a ri 1- tare — Prot n
I : v ’-nt ‘ro t or s  Proton Proton ~)u r at i on  i,r F l a r e  l i c t s  m g  l Iu r -m t Car r ington  M c M a t h  1- lux M t

N m , , , Year Star t Start  Max hours Site Imp. UT Disk Pos. Long. N o , .10 Ms -

47 1970 28 Jan 28/ 1300 28/24 0(i  24 Exp 41 2N 0612 SlS , W2 5 293° 10542 1.0
0619
0646

48 1970 29 Jan 29/ 1300 29/2400 45 Exp 41 2B 28/1913 S14, W33 281 0 10542 5.0
1930
2020

49 1970 31 Jan 31/1600 3 1/2400 72 Exp 41 213 1512 523, W62 285° 10542 2 .
153 5
1816

50 1970 Ii Feb 11/2000 11/2400 6 Exp 41 213 0703 N 18, W06 900 10568 Sn r a i l
0711
0827

51 1970 26 Feb 26/1400 — 24 Exp 41 — — — — — 0 . 2  -

52 1970 1 Mar possible — Exp 41 lB — — — 10607 Small

53 1970 5 Mar 5/1000 5/1600 — Exp 41 iN 0411 S15, E77 78° 10618 SmaLl
0420
0425

54 1970 O Mar 6/1700 6/2400 — Exp 4l iN 1321 S14 ,, EGO 770 
-— 8. 0

55 1970 7 Mar 7/1100 7/2400 36 Exp 41 213 0138 S12, EbO 120° 10618 —80
7/1200 8/1500 33 Thule 0152

0331 —

56 1970 l2 Mar 12/1200 12/1700 18 Exp4l 2N 0306 Sl4,W46 22° 10618 0.8
0315
0344

57 1970 23 Mar 23/1800 23/2200 60 Exp4l iN 1545 N18,W62 3340 10638 8.0
Rtom . —

58 1970 25 Mar 25/2000 26/1600 48 Exp 4l lB 25/1202 N14,ElO 237° 10641 2.0
1226
1430

59 1970 7 Apr 7/1600 8/0100 48 Exp 41 iN 6/1948 S13, E32 53° 10669 0. 5
2015
2104

60 1970 5 May 5/0400 6/1200 84 Exp 41 — — — — 10725 0. 5
Nea r E
limb ’s

45 1 1970 3O May 30/0900 30/2000 60 Exp 4l 2N 30/0248 S06,W32 1310 10760 20
Rbom. 0320

0513 —

_ 

-
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Table 1. ( :omp n - emme n t - r j v e  L i s t  of 118 Proton E veni  --r 1 9( ; ! ;— i  ‘7 8  Not  Found iii Ca ta log  I (Cont .

Vehicle Flare Fla re- Proto m’m Bur st  Burst  Integrated Rad io
‘ r  Flare Timing Burst Carr ington M cMath Flux Max PCA Timing Max Radio  Flux >‘io~~~Srt e I mp. UT Disk I’os . Long. No. >10 MeV dB UT (Sfu. ) Spec trum and Remarks

Sxp 4l 2N 0612 515 , W25 293° 10542 1.0 28/0608 0.5
061, 9 0645 5-25 FLat
0646 0.8 0710

Exp 41 213 28/ 1913 Sl4~ W33 2810 10542 5.0 28/ 1916 A 2. 0
1930 — 1919 3-2600
2020 1930 No Lows

Exp4l 213 1512 S23, W62 285° 10542 2 . 5  31/ 1506 1.1
1535 1554 10-50 Fiat
1816 0.3 1830

Exp 41 2 B 0703 N l8, W06 90° 10568 Small 11/0705 A 4 .2
0711 0707 10-400
0827 — 0713 No Lows

Exp 41 — — — — — 0. 2 ? — No Flare or Burst
— 0 Candidate

Exp 41 113 — — — 10607 Small 1/0501’ — Flats >io 17
— or 0938 possible Flat False

or 1109 A lar m
Exp 4l i N  041 1 S15, E77 78° 10018 Small 5/04 18 0. 8 t o 4. O

0420 0445 15-50 Fiat
0425 1000

EXP 41 iN 1321 .514, EGO 770 
— 8. 0 6/ 1320 Unclassified

1324 20-200 Weak
1.0 1330 Flat

E xp 4 l  2 B 0138 Sl2 , EbO 1200 10618 — 8 0  — 7/0142
Thule 0152 0158 50-100 Flat

0331 — 3.8 0222
E x p 4 I  2N 0306 S14 , W46 22° 10618 0.8 12/0306 0.7

0315 0310 SC-tOO Flat
0344 — 0416

E x p  41 IN  1545 N 18, W62 334° 10638 8.0 — 23/1549 10-50 Weak Poor can’iidate
Rio m , — 0.5 0
Exp 4i 113 25/1202 N14,El0 237° 10641 2.0 25/1207 0.7

1226 1220 100-300 Flat
1430 — 1230

Exp 4l lN 6/1948 S13,E32 53° 10669 0.5 6/1922 — 2.9
2015 2037 50-200 Flat
2104

Exp 41 — — — — 10725 0. 5 — — Co-Rot. Rgn ’?
Near E
lImb’ 0

Exp 41 2N 30/0248 S06, W32 131° 10760 20 — 30/0302 0.2
RIom. 0320 0341 15-100 Fiat

0513 — 1.9 0400

18

- - 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~ -- .-

-
-
- .‘



Table 1. Comprehensive  List of I

Da te UT Vehicle Flare Flare- I’r ,,t
Event Proton Proton Proton Duration or Flare Timing Burst Carrlngton McMat h  Flux ~‘~i

No. , Yea r Start Start Max hours Site Imp. UT Disk Pos. Long. No. > 10 Mm-

62 1970 2 S J un 25/2300 26/ 1800 50 E x p 4 l  2B 25/ 1823 N l l , E 1l 97 0 10801 1.0
1838
1940

63 1970 6 Ju ly — 6/ 2400 — Exp 4 l — — N l 6 , W88 — — 0 , 5

64 1970 7 Ju iy 7/ 1700 7/ 2300 56 Exp4l 113 — Beyond — 10808 6 , 0
W. Li mb ’s  9

65 1970 23 Aug 23/0500 23/ 1100 24 Exp 41 — — — — 10882 0. 5
‘5

66 1970 23 Nov 23/ 1400 23/2 100 50 E x p 4 l  — ‘s — — 11029 0.8
9

67 1970 24 Dec 24/0800 24/2200 192 Exp — ‘s — — — 7, 0
R iom .

68 1971 17 Jan — Pi m ;n .  0 2N 16/0805 N 19 , J 6 6  209° 11128 Small
17/0917 17/2000 Lxp 41 0829

1041

69 1971 1 Apr  1 /1600 2/ 1000 48 Exp 41 i N  1/ 1300 S20 , W1 2  29 0 11221 2 . 5
Il iom . 132 2

1422

70 1971 20 Apr -  20 / 2200  20/ 2400 30 Exp 41 2B 20/ 0513 N 2 0~ W20 15 1 ” 11256 2 . 4 -
2 1/0000 2 1/0800 10 Thule  0522

0612

71 1971 22 A p r  22/ 1200 22/ 19 00 40 Exp 40 113 2 0/ 192 4  S06 , W50 143 ” - 112-SO 2. 1
194 1; 9
2 1 4 1

72 1971 12 May  12/ 0400 12/ 0700 24 Exp 4l 2N 21/0131 5 15, W73 274” 11294 0. 3
0201
0322

73 1971 1:3 May  13/ 1930 14/0200 18 Exp 41 IN 13/1751 N i l , W86 266 ° 11294 0. - i
1758

74 1971 14 May 14/ 1500 14/2400 48 Exp 41 1N 14/0847 N 05, 1542 13 0° 11313 0. 3
16/1800 Riom. 0902

092 1

75 1971 i6May 16/1300 17/0400 36 Exp4l — — N l l , W l 2 5  — 11294 10. 11
9 ‘5 —

76 1971 30 Jun 30/0600 18 Exp 41 SB 29/2235 N17, W22 284° 11393 0. 5
30/ 1000 2248

2303

\
— - 
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Table 1. Comprehensive List of 118 Proton L-~vm ’n t s 19 6 6 - 1 97 8  N m m t  Found in Catalog I (Cant . )

Vehicle Flare Flare - Proton Burst Burst  Integrated Radio
-n or Flare Timing Burst Carrington M c Math  Flux Max PCA Tin mng Max Radio Flux >—iO -17

Site I mp. UT Disk Pos. IA ng. No. ~l0 MeV dB UT ( Sfu. )  Spectrum and Remarks

Exp 41 213 25/1823 N I l , E l i  97 ” 10801 1. 0 25/ 1833 1. 0
183 8 1837 25- 100 Fiat
1940 0.8 1920

Ex p 41 — — N i  6 , W88 — — 0. 5 — — — — —0

Exp4i lB — Beyond — 10808 6 . 0  — 7/053 7 — West Limb’s
W. Limb9 ‘5 0538

0541

Exp 4 1 — — — — 10882 0 .5  — 22/ 0044 0. 7
‘5 0051 50-150 Flat

0120

Exp 41 — — — 11029 0.8 — — — Beyond W, l imb’s
0

Exp — 9 — — — 7 .0  24/ 0340 0. 7
lOom. 0430 10—25 Flat

0. 6 062 0
Pirmn.  0 2N 16/0805 N 19, F:’;’; 209° 11128 Smal l — 16/0802 4 . 5
Exp 41 0829 0828 300-500 Flat

1041 0850

EXp 41 i N  1/ 1300 -,20 , W i 2  29 ° 11221 2 . 5  1/ 1 245 0.8
LO om. 1322 1325 15-150 Fiat

1422 0 .4  1535
E xp 41 213 2 0 / 0 3 1 3  52 0 , W20 131 ” 11256 2. 6 20/ 0 512  1800 at x A U n u s u a l  - v m - n ’
T hu le 0522 0518

0612 0.9 0520

F;xp 4O lB 20/ 1924 so ; , wso 145 ° 11250 2. 0 — 20/ 1916 0. 75
1940 ‘s 1950 20-40 Flat
2141 2040 Is Un cer ta i n con .

F;XP 41 25 21/ 0 131 N l :~, W73 274 ° 1 1294 0.3 — 12/0143 1.2
0201 020 0 50-400 FIat
0322 — 0216

Exp 41 15 13/ 1 75 1  N i l , W80 26 1; ” 11294 0. 3 13/ 1750
1758 1920 50-250 F Iat

— 2050

Exp 41 iN 14/0847 N05 , 154 2 1300 11313 0.3 14/0817 0.35
Riom. 0902 0823 40-120 Flat

0921 0 .6  0845

Exp 4 1 — — N i l , W 12 5 — 11294 10.0 — -, 13ev- nI W . l i m b ’
a — 1.3 0

Exp 4i SB 29/2235 Ni7~W22 284° 11393 0 .5  — 29/ 223 6
2248 2238 150-400 Flat —

2303 2243

19
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‘I ~m h l e  1. ( ois prehen si ’-’e List of

Date UT V e h i c l e  F l a r e  F l a r e  Proton
Event  P o l o  Proton Proto n Dura t ion  ‘,r F l a r e  T i m ing Burst Carr ington M s - M a t h  F l u x  Max

No , ,  Year Start - t a r - t  Ma x h o u r s  Si t e  Imp. I T  Disk Pos. Lang. N ’~. ~10 M eV

77 1971 21 A ug — 2 1/ 1600 — ATS- 1 113 21 0932 S09 , 152 5 276 ° 11482 ~1. O
0936
0949

78 1971 1 -m ’ p t  1/2000 2/ 0800 240 E x p 4 l  ‘5 9 W 120 ° 268 ° 11482 —3 50
1/2200 1000 Thu le 9 ?

79 1/1 7 1 13 Sept — 13/ 1000 — AT S - 1  SN 0320 S12 , E53 181° 11516 Small
0328
0434

80 1971 2 3 Sep’ 2 5/ 1200  2 5/ 1400 9 ATS- i  SN 2 4 / 0 4 4 2  517 , W82 284 ” 115 14 Small
0458
0537

81 1971 3 Oct 3/ 1700 4/ 1400 72 Exp 41 113 3/ 1313 N Fl , E 14 77° 11337 3 . 2
1348
1445

82 1971 24 Nov 23/ 1000 24 / 1600 36 Exp 43 lB 23 -0 3:3 6 SlO , EGO 70° 11619 0 .3
0608
0619

83 1971 2 Dec 2/ 0300 2/0700 18 Exp 43 lB 2/ 0 110 Sl5 , WOO 910 11 1 , 19 1.0
Mc Murdo (2 Flares)

84 1971 14 Dec 14/ 0400 17/ 0200 168 Exp 4:1 Far Side ‘5 4.0
17/0800 Th ule

113 1971 29 Dec 30/0500 30/0500 18 ATS- l  iN — 521 , W74 — 11657 4 . 8
B iom.

86 1972 3 Jan 3/0800 4/0200 120 Exp 43 a ‘) — 0 .5

87 19 i2  10 Jan 10/ 1900 11/0400 72 Exp 43 9 — I .  1

98 1-972 lG Jan 16/0200 17/2000 21; Exp 43 i N  16 / 1 7 4 5  Si2 , E70 74° 11693 0.3
1836
2032

89 1972 l 9 J an  19/2300 20/2300 96 Exp 4-3 lB 19/1639 S16, El3  93 0 11693 20
2 0/ 1500 21/ 1100 38 Thule 1644 —

1716

90 1972 Il Mar 11/1600 11/2400 24 Exp4l SN 10/2228 S16,W32 1700 11769 0.2
2230
2234 
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Table 1. Comprehens ive  List of 118 Proton I - v m - r i t ~ 196 6- 1178 N ot  I- ’ound in Catalog I (Cont .

Vehicle Fl are Flare Proton Burst  Burs t  Integrated Radio
~,r Fla re T i m i n g  Burst Carr ington McMath  F lux Max PCA T i m i n g  Max R a d i , m  Flux Xl0~~ 7

Site Imp. UT Disk Pos. Long. No. ~l0 M eV dB I T  (S fu. )  Spectrum and R e m a r k s

A T s - l  113 2 1/ 0932 S09 , E25 276 ° 11482 < 1.0 — 2 1/ 0933 0 .7
0936 0934 150-400 I- I a l
0949 1010

I-;xp 4I ‘s ‘~ W120° 268° 11482 —350 — 1/ 1934 — — —I hule ? ? ‘ 1941
5.2 2010

A TS-l SN 0320 SI2~ E53 181° 11516 Small — 15/0319 1.3
0328 0326 30-60 Flat
0434 0339

ATS-1 SN 24/ 0442 N i ? , W82 284 ° 11514 Small — 24/ 0440 0. 4
0458 0500 20-40 Flat
0537 0730

I-:xp 41 lB 3/ 1:3 13 N 13, E14 77 ° 11537 3 .2  — 3/ 1336 >2.0
1:348 1346 40-90 Flat
1445 1500

I-:xp 43 113 23/ 0536 Sl6 , E60 70° 11619 0.3 — 23/ 0545 1.1
0608 0552 — 200 Flat
0619 0645

15xp 43 lB 2/0110 SlS , W66 91° 11619 1. 0 2/0100 150-6 00 9.0
McM urdo (2 Flares) 0320 2 Bursts Flat

0 .7  0440
EXP 43 Far Side ‘ ‘ 4 . 0 14/ 0240 

— — Ret urn to 15. li m b of
Thule 0250 rgn . 11619 due 17 Dec.

1.9 0310 0
ATS-l iN — S21,W74 — 11657 4 . 8  29/ 2312 0. 9
Biom . 2313 50-600 Weak

0.7 2330 C
Exp 43 ? ‘s — 0. 5 PossIbly rgn. No. 11657

— — — 0 No. 11657 behind
W. limb.

Exp 43 ‘
~ ? — 1. 1 Far side ’s

— — — 0
Exp 43 iN 16/1745 Sl2 , E70 74 0 11693 0.3 15/ 1757 1.0

1836 1816 — 3 5  Flat
2032 — 1950

Exp 43 lB 19/1639 S16,El3 930 11693 20 — 19/ 1618 1.0
Thule 1644 — 1.8 1645 10-40 Flat

1716 1720
Exp 4l SN 10/2228 S16, W32 1700 11769 0. 2 10/2228 — Weak 0.2

2230 — 2229 U Co-rot . rgn 9
2234 No. 11724~

20
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Table 1. Comprehensive  f . i - 1

Date UT Vehicl e Flare Flare-  Proto
Eve nt Proton Proton Proton Duration or Flare T iming  Burst Car r in g ton McMath  J- ’Iux M

No. , Year  Start  Start Max hours Site Imp. UT Disk Pos . Long. No. .10 M m

91 19 72 28 Mar 28/0800 28/ 1200 18 Exp 41 — — — — — 0 .7

92 1972 l 8A p r  18/0300 18/0500 120 E x p 4 l  — — — — — 20

93 19 72 2t i Ap r  26/ 1200 26/ 2 100 48 Exp 4l — — — — — 0 . 2
R’om.

94 1972 8 .lun 8/1600 9/0600 120 Exp 4I — — — — — 10 . 0

95 1972 14 Jun 14/1400 Exp 41 15/1249 S14 , WOl 3 15 ” 11922 20
17/ 1200 Thule 1313

14 50

96 1972 19 Jul 19/0700 19/2200 72 Exp 4 1 — — — — — 3. 0

97 1972 22 Ju l  — 22/ 1200 — E xp 4 1 — — — — — I , , 0
22/ 1600 Thule

98 1972 2 Z J ul 22/0 100 28/2100 — Exp 4l — — — — — 8.8

99 1972 it; Aug 15/0300 16/2300 50 Exp 41 — — — — —

100 1972 1; Sept 2/2200 7/0500 30 Exp 43 iN S/1428 S24, W2l :117° 12014 1. 0
1434 ‘s 9 9
1521 ’s

101 1972 29 Oct 29/2010 30/0100 — Exp 41 2N 29/ 1544 Sb , EQS 311 ” 12094 2 .0
1747
2020

102 1072 17 Nov ‘s 17/ 1600 30 Exp 41 — ‘s — — 0. 4

103 1972 2 -5 Nov 2 5/ 12 00 25/ 1600 20 EXp 41 113 2 5/ 0820 S06, W44 7
0 12 115 0. S

0830
0911

104 1972 28 Nov 28/0600 28/1100 24 Exp 41 i N  28/0355 S08, W80 7° 121 15 0 .5
0403
0426

105 1972 16 Dec 16/0700 16/1700 36 Exp 41 lB 15/0539 SOG , E4 7 2 12143 0 .3
0551
06 44

106 1973 1 M a r — — — — lB 1/ 1115 N08,W07 145° 12246 —

1122
120 4
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Table I . Comprehens ive  J . i - r t  of 118 Proton Events  19 6 6 — 19 7 8  Not F ound in Cata log I (Cont .

‘s - h i ck ’  Flare F’la re- Proton Burst Burs t  Integrated Radio
Flare Timing Burst Carrington McMath Flux Max PCA T i m i n g  Max Radio  Flux Xb 0~~

7
s , t m -  Im p. UT Disk Pos. Long. No. .10 MeV dB UT (Sf u .)  Spectrun i and R e m a r k s

xp4 i — — — — — 0 .7  — — — Far side ’s
0 11769 behind 15. limb?

xp  41 — — — — — 20 Far side ’s
1, 6  — — 0 No. 118 13 ’s

x p 41 — — — — — 0.2 Far side ’s
mm , 0 . 6  — — 0 11813’s
XI) 41 — — — — — 10.0 — — Far side ’s

— C) No. 11895 at W h O ’s
xp  41 1-5/ 1249 514 , WOl 3 15° 11922 20 15/ 1231; 1 .2  to 2. 4
hu b 1313 2 . 7  1336 2 5—50 F’lat

1450 1510
x p 4 l  — — — — — :t.o — — Far sid e9

— C)

X P- 41 — — — — — 6 .0  — — Far side ’s
hule  0 .6  0 Rgn h1 9 7t ’s
xp 41 — — — — — 8.8 — — — Far side ’s

C )

xp  41 — — — — — 5.0 — — — Far side of 11976’
C) Or Co-Rot .  11895’s

xp  43 I N  5/ 1428 S24, W2 1 317° 12 014 1. 0 5/ 1415 1.0
1434 , “ ‘5 ? — 1530 — 1 0  Flat Very uncer ta in
1521 22 00

:p 4 l  2N 29/ 1544 S10, E05 31 1° 12094 2 . 0  29/ 1553 3.OAV
1747 1652 40- OS Flat
2020 — —1900

p ‘ — 9 — — 0. 4 — — — No Flare or burst
O candidate.

p 41 lB 25/0820 SO6 , W44 7° 12115 0 .5  25/0819 1. 0
0830 0846 100-160 Flat
0911 — 1009

p4 1 IN 28/0355 S08,W80 7
0 12 115 0.5 28/0400 0. 3

0403 0410 10-25 Flat
0426 — 0415

p 41 lB  15/0539 SO6 , E47 2 12143 0.3 15/0536 0.6
0551 0541 65-80 Flat
0644 — 0636 Possible flare 0338.

— lB 1/1115 N08 W07 145° 12246 — — 1/ 1116 — False Alarm with
1122 1120 U Type II. No protons.

I 1204 1152

21
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Table 1. ( -
‘ , r i i  p rehensi  v ’ - I . i

Date I I Vehic le  Flare F l a r e -  P
Event Proto n Prot s,n l’roton Durat ion m ,r F lare  Timing Burst Carr ingt , ,n  McMat I ,  Fl~No , • Year  Start Start Max hours Site Imp. UT Disk Pm,s . Long. N ’, ,

107 1973 i i  Apr  12/ 1000 12/ 1600 48 Exp 43 113 11/20 17 SI2 , W O7 320° 12306 
- - - -

2024
2104

108 1973 III Jun — — — — 2!) 16/ 1419 N i 3 , 1:11 153 ° 12387 5
1427
1~, 13

109 1973 2 6 J u n  — — — — lB 26/ 0 157 SO8, W27 64° 12397 5
0159
0404

110 1973 29 Ju1 — — — 2N 29/ 1310 N 15 , E45 270° 12461
lOom. 1323

1335

111 1973 7 Sept 7/1620 — N OAA2&3 2B 7/ 1143 S18, W46 192 ° 12507
7/ 1245 7/ 1630 Thule 1202

1300

112 1973 3 Nov 3/0600 — — — 2N 3/00 12 518, W 85 206° 125 84
0834
0101

113 1974 30 Jun Suspect protons — 30/ 2223 Sl2 , E47 149° 13043
2 2 47
2316

114 1974 13 Sept — — — NOAA 2&3 lB 13/ 1458 N 12 , E20 268° 132 25 nt
1515
1758

h i S  1974 23 Sept 23/2200 24/2200 NOAA 2&3 — — — — 132 2 5
9

116 1974 15 Oct No Proton Data lB 15/1325 N06, W43 269° 13280
lOom. 1326

1329
117 1975 17-21 Trace — — — — 9 — —Nov
118 1976 28 Mar — — lB 28/1905 S07,E28 44 0 14143 Si~1921

2017
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Table  I . Comprehens ive  T , i ~~t of 118 I ’ r , , t , , r i  L -;v ’ni - I ! J 6 6 — I ’ -~~l3 N ot  Found i n  ( : , t : , l ,~ 1 (1 - i i i .

Flare 1- la r e -  Proton Burst H u r s t  I n t e g r a t e d  lt~ d I s ,
or Flare T i i i i i n g  Burst  Carr ington McMath Flux Max PCA T iming  Max R adio  1- lux >‘b0 ’’
- i n ’  Imp .  i i  Disk l’ ,-s. Long. No. > 10 Mev sIB t 1 ’  ( S fu . )  Spectrum and I1. ’,i ,arks

15xp 43 lB 1 1 / 20 1 7  Sl2 , W O7 320 0 12306 6 .0  11/202 1 0. 3
2024 2033 30-100 Flat
2104 — 2105

— 273 16/ 1419 N1 3 , E l i  153° 12387 Small 16/ 1417 0. 6
1427 1430 2 5-7 5  Flat
1513 — 1530

— 113 26/ 01 57 508, W27 64 ° 12397 Small 26/ 0 132 2 . 2  ‘o 5. ’)
0159 0142 200-500 Flat
0404 — 0210

2N 29/ 1310 N 15 , E45 2700 12461 Small 29/ 1310 1.5-3 , 0
lOom. 1323 1330 25-200 Flat

(3 35 <0.5 12 10
NO A A 2 & 3  213 7/ 1143 S18 , W46 192 ° 12507 26 ? — 7/ 1139 1. 5-2 . 5
Th u le 1202 — 0. 9 1150 40-300 Flat

1300 1450
— 2N 3/0012 .S18, W85 2 06° 12584 Small 3/00 11 1. 5-5 . 0

0034 — 0018 — 300 Flat
0101

— 30/22 23 S12, E4? 149° 13043 — — 30/2223  — Should have been in
2247 222 5 1’ Catalog I.
2316 — 2233

NOAA 2&3 lB 13/1458 Nl2,E20 268° 13225 ncrease 13/ 1456 — 4 .0
1515 1527 50-300 Flat
1758 — 1720

NOAA 2&3 — — — — 13225 6. 0 23/ 1158 — 6.5
1201 indet Far side ’s

— 1310
113 15/1325 N06,W43 269° 13280 — 15/ 1323 — 3.0-4 .0

lOom . 1326 1326 A 31329 >0, 5 1435

— — ? — — — — 7 — Flat —

— lB 28/1905 S07,E2 8 44° 14143 Suspect 28/1914 — 16. 0
1921 1929 Fiat

-~~ _______ 

2017 — 1955
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3.2 Prediction Findings

3 .2 .  1 SUMMARY OF PREDICTIVE RESULTS OF CATALOG I A N D
THE PRESENT PAPER RELATIVE TO l- ’A LSE A L A R M S

To the 81 U-shape spectra of catalog 1, we must  add four more , Nos . 15. 27 ,

106 and 113 found here in Table I which were accidentally omi t ted  from the ear l ier

work. of these, events No. 15 on 2 January 1968 and No. 27 on 27 December 1968

were associated wi th  small  proton events. Two other U-shape radio events ,

No. 106 and No. 113, occurred on 1 March 1973 at about 1120 UT and on 20 June

1974 at about 2225 UT respectively. Unfortunat el y, at the moment , both of these

events i u :~f be - 1as~~ified “ fa l se  a l a rms ” un t i l  proven d i f fe ren t l y by a d d i t i o n a l

par t ic le  in fo rma t ion . Alread y the event on 23 M n r - c h  1076 from cata log I o r i g i n a l l y

called a possible “ f a l s e  a larm ” w~ found to  have proton a s soc i~,t ion f rom Tlei io ~ 2

measurements .  It is also most probable t hat No.  113 , the 30 June  1974 e v m - r i t ot

E47° in M c M a t h  N ’ . 13043 found in the  l , l - t - -~~-n1 Table I had p a r t i c l e  as~~, ,c o ,t  ion ,

We suspect th i s  ii v iew of the t r e m i - o d , , u ,  amount  ol’ proton ac t i v i t y  associated

w i t h  th i s  region for- the next ten dajs in earl y J u l y 1974 . The 1 M a r c h  1973 burs t

at 1120 UT was a d is a p p o i n t m e n t  in v iew of the favorable disk locat ion and the

addi t iona l  evidence of t ype II bur’st s .  ( o n -~idcr ing  the three events l is ted  :, I> , ,ve

bu r s t  i n t eg ra t ed  flux den s i t i e:-; at c e n t im et e r  wavelengths varied between 1. 5 and

2 . ~ ~‘ io~~
7 j  m 2 nz ”1 wh ich  would suggest >10 MeV proton flux of < 1 . 0  P

sec~~ s tr ~~ — very small  indeed.

3 . 2 . 1. 1 Misses of Proton Events

(1) Indeterminate or Far Side Sources

In Table 1, discounting the 4 addi t ional  IJIs , there  are 114 “ events. ” More

precisely, there are 114 periods of time (of different durations) when the meas-
ured proton flux at energies greater than 10 MeV exceeded the normal background.

Since the basic objective of the work is to develop a scheme by which we could have

predicted the occurrence of these “ events” from radio burst data , we t a c i t l y ignore

other causes and circumstances which are indeed very real causes of proton in-

creases but which are not wi th in  the scope of radio burst prediction studies .  We

are not prepared to cope with these other causes here , yet they must be noted

since they impact on the statistical validity of the effort. Briefly, some ,ource-~
of proton flux Increase other than visible disk flare/burst happenings are, for

example, co-rotatIng proton emitting regions, storm sudden commencements, and

far side (of the sun) outbursts.
Zn Table 1 there are 36 “0” events listed separately in Table 2 for which no

reliable f lare/burst  candidate was found. It is assumed that many of these were

caused by far side outbursts. Only two of the events , No. 1 (7 dB) , nnd No. 2

(2. 6 dB) , could be called principal events which would impact  on m i l i t a r y  operations.
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Tabl e 2. Thir ty-s ix  “0” Events With Unknown Source
(“0” fro m Table 1)

Event No. P dB

1 79 7 GLE, Far Side
2 67 2. 6 Far Side
4 10 1. 6
6 0.9  0. 3
7 0. 9 0.3

9 6 . 4 0. 8
10 2 .5 0. 5
11 2 .5  0 .5
12 40 1. 8 Far Side W100°9, No. 9091
17 1. 6 0 .6

19 6. 0 0.5
22 0.48
34 sm 1. 2
39 1. 6 0. 4
41 1. 6

42 7. 9 1.4
43 am
51 0 .2
57 8.0 0.5
60 0.5

63 0.5
66 0.8
71 2 . 0
75 10 No. 11294 , Far Side
84 4 .0 1.9

86 0 ,5
87 1.1
91 0. 7
92 20 1.6 No. 11813, Far Side
93 0.2 0.6

94 10 No. 11976, Far , near East limb
96 3.0
97 6. 0
98 8. 8
99 5 . 0

102 0 .4

36 Events Total
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N u mb e r  1 on 28 Jan ua ry  1 9( 7  was a Ground Level J- vent (OLE) and may have been

t r i gge red  by ii flare as t a r  w e s t  as  150 ” . obviously ,  there  would he no opt ica l  or

radio co r rela t ion .  l l o r u - o , a s su m i n g  a broad s i n t i i l a r i t y  in sunspot cycles , there

may  hi~ — in a given S Uf l - 1 ) ( ) t cycle — a few very large events for which no warning,

based on curren t usage of radio data , will he pos~ ihle. Still , these can hardl y he

called “ m i s s e s ” if p red i c t ion  is to be based on v i s i b i l i t y .

A l l  of the r ema ining  34 of the 36 unknowns had absorption-s less than 1. 8 dB

and les s than 40 protons at I- - - 10 MeV . The five largest events (P  ~ 10 MeV with

count 10-40 P) N o s . 4 , 12 , 75 , 92 and 94 wi th  P 10 , 40 , 10, 20 and 10 respec-

t ive l y, mo:-i t probabl y were caused by far  side ac t iv i ty .  All  o thers  in th is  group

had proton counts less than 10. Because of the i r  smallness and uncerta in origin ,

they do not mer i t  f u r t h e r  at tent ion.

There were two events not on the list  of 36 referred t~ above (the i r  source

was pa r t i a l l y obscured) wh ich  were principal proton events,  These events were

No. 30 on 11 A p r i l  1969 and No. 78 on 1 Sept 1971. The former at about E90°

produced 12 t o  16 dB absorption (most formidable) , and the lat ter  w i th  5 .2  dB and

also a (~I , I  w~,s apparent l y t r iggered by a f la re/burs t  beyond the west l imb.  For

t h e s e  two  events , s u f f i c i e n t  radio emission was detected to enable iden t i f i ca t ion  of

the probable cause, hut at tenuation etc . , precluded observation of the t rue  predic-

t i v e  emission spec t rum.  It would also be unwarranted  to call these events radio

‘ misses,
’ since they were not totally visible even though par t ic les  impacted

severel y (in AF  operat ions .

(2) True “Misses ’ of Principal Events

Of the r en a m ing  76 events found in Table 1, “ mi s ses ” by the i -shape c r i t i - r - i m , ,

only three  had PCA ’s ~~ 0 dB. These were No. 21 on 12 Ju ly  1968 at  W20 ” w i t h

3. 0 dT3, N i ,. 5~, (in 7 M a r c h  1970 at E 10° w i t h  3 . 8 d13, and No. 95 on 14 June  1972

at WOi ° w i t h  2. 7 dfl ; ,b son -r ,t ;on at 30 M l i x . A ll of I h e ;~ even t -, wer e  as ~‘, i ; m , t  s - r i

w i t h  n - a d i o  hu r st .~ w h i ch  as a cl ;,  - -
~ have f a i r l y long d u r a t i o n , sa~- a pi ’~ ’’~~ i

1 hr  or longer ;  t h e  emis sion  i- s  broadband over 1000 M l i x  or more , the s pen t  rurr i

i s  reasonabl y flat  between 1000 and 0000 MH z  w i t h  peak f lux  don~~i t v  around

100 / 10 22 W m 2 Hz 1. The burst  in tegra ted  flux density at any s ing le  ciii  wave-

length  is on the order of 0. 5 to 1 >‘ 10~~~ j  r im 2 I J z ~~~. 1- r oiiI s t a t i s t i c s  c,f m a n y

events , one m i g h t  expect a > 10 MeV proton f lux of onl y — 1  proton cm 2 pc~~
1 

~~~~~

for 1 Y to 17 J m 2 717~~
l integrated flux densi ty . ) These 3 events were not

‘blockbusters . ” We would l ike  to have predicted them , hut could not by the I - shape

spectrum c r i t e r i a .  If all events were rout ine l y tested by criteria developed from

the burst characteristics shown abo ve, probabl y they could have been predicted .

In regard t o  the delay f r o m  burst max to proton onset and proton max , t h e

three events were s imI la r  w i th  delays to f irst  onset of 6, 9 and 1 1 hr , respectively.
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The delay t~ proton max was about 1. 5 to 2 days . We shall d i sr u s s  delay t i m e s

later .

(3) The 73 Events  With Posi t ion-Ident if ied Flare Association

Of this  group of 73 “ events” wi th  flare association , the d is t r ibut ion  according

to peak proton flux is given in Table 3.

Table 3 . Seventy-three Events With  P o si t i o n - i d e n t i f i e d
Flare Association

— 10 M e V  Flux Count Number  of Events

<1 .0  33*

1. 0- 1.9  8
2 .0- 2 .9  7
3.0- 3 .9  5

4 . 0- 4 .9  1
5. 0- 9 .9  12

10 -14.9 1

15 -19. 9 0

20 -24.9 2
25 -29. 9 2

30 -34.9 2

73 Total

*Assume all events wi th  P too small  for quan t i t a t i ve
da t a have P < 0. 2.

Since an enhancement o f  P . 1 . 0  is probably much too small  f or  even moderate
geophysical effects impacting on A i r  Force operation , the  top 33 event s in Table 3
can be discounted . This leaves only 40 events from this group wor th  studying for
spectrum arid “delay to onset ” characterist ics (Table 5). T h i r t y - t w o  of these
even ts ar e included in Table 4.

Among these 32 events (fo r which we have polar cap absorption data) , the
absorption ranges between 0, 2 and 2.0 dB. The distr ibution of these events is
shown in Table 4. -

Taking the 32 events for which we have dB values at 30 MHz , we arr ive  at a
dB mean 0f 0. 915 , that is , EdB/32 0. 915 dB.

For the -se same 32 events the mean proton flux , E > 10 MeV 8 . 2 , that is
1P / 3 2  8 . 2 .
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Table 4. Dis t r ibut ion of 32 PCA Events Accord ing  to Absorp t ion

dB flange Number  of Events Ac tua l  Absorption

<0.19 0

0 . 2- 0 . 39 2 0.3,0.3,

0.4-0 . 59 5 0 .4 , 0.4 , 0 .4 , 0. 4 , 0 .5
0. 6-0 . 79 8 0.6,0.6,0.G,0.Ii,0.7.0.7,0.7,0. 7,
0. 8-0 . 99 6 0 . 8, 0. 8, 0. 8, 0. 9, 0 . 9, 0 , 9 ,

1. 0-1 . 19 2 1. 0, 1. 0,
1 . 2 — 1 . 39 3 1 .2 , 1 .2 , 1.3 ,

1.4-1 .59 1 1 .4 ,

1. 6 — 1 . 79 2 1. 6, 1. 7

1.8- 1. 99 1, 8, 1. 8, 1.9

32

Fron t  t h e s e  two values one a r r i v e s  at ar m average re l a t ionsh ip  between ‘10 MeV

Proton flux and dB absorption where  P -~~ 9. IA 2 .
‘i l m i s  comparles  favorabl y wi th  the  r e l a t i onsh ip  somet imes  used where

P I D A 2 .

4. IJISTRIHUTION S

B u i s t  d i s t r ibut ions  are considered according to Car r ington  l o n g i t u d e  and E - ss f-

Wes t  d i s k po si t ion . The d i s t r ibu t ions  ar - c a l - s c ,  com p a r e d  for  cata log I and II t v en t s .

4 . 1 (.arñngton LoHgitudP

l- ’igu r-e  I - ,h ow -i t h e  ( ar r lng ton  long i tude  d i s t r i b u t i o n  of the proton event-s  196 6—

1976 in i - a t a l o g - -i I and II.  Though the radio burst  in t ensi t i e s , the burst ,pectra and

the proton event fluxes m is- qu i t e  d i f f e r en t  for events found in t h e  separate catalogs ,
the d i st r i b u t i o n s  are very s im i l a r . The I 50°-180° reg ion is the most productive

w h i t e  t h e  300°-3(i O° region is the qu ie te s t .  Af t e r  a flare / burst po s it ion-product iv i ty

pattern is established earl y in a sunspot cycle, the pattern in fo rma t ion  could be
helpfu l in predicting proton events for the remainder  of the sunspot cycle. We
have reviewed proton data for ear lier  sunspot cycles and found , as have other  re-

sea rchers , that  the Carr lngton longitude d i s t r ibu t ion  of proton event -s appears to

change from one sunspo t cycle to the next.
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F i gure 1. Sun-spot Cycle No. 20 Proton Source Dis t r ibu t ion
Accord ing  to Carrington Longitude

4.2 D,atr ,hut ,on of Proton Eventa by Solar Longitude

Ear l ie r  s tudies  by one of the authors reveal a f a i r l y u n i f o r m  d i s t r ibu t ion  of

flares across the solar disk except for the E90°-E60° region. Microwave bursts ,
especially at the higher frequencies show no preference for West vs East solar

longitudes , though there are attenuation effects approaching the limbs , especially
at longer wavelengths . The distr ibution of proton events is another mat te r .  There

is a definite r-;-w aii ymmetry  of proton flare /bursts.  Researchers in the cosmic
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r m , ’,’ a rea a cc , for exar m ;mle  agreed 2 ~. 2 1; on the point.  I lowevc -  r - , the asym i r et ry

is n ,,t  o v e r w h e l m i n g.  In t h e  present s tudy it was  found tha t  hO per t -en t  of the events

in Tm ,hle I were  f r o r n i  West  - m o u r - c O s . In c a talog m t he  d i st r i b u t i o n  was 57 pe r -r en t

f r - o t t  West sour ~- s s  w i t h  g r ou n d  I .eve l  Events (GLE ’ s) almost  u n i v e r s a l l y fa vor ing

the vie ite m l i e in i ptmi r -s . in ar m e m ,  r l i e r  i n v est i g a t i o n  c o v e r i n g  the 19th  cycle and

part  of the 20th , S u m  rt et a) 27 found 62 perc ’ nt of the even t s  in t i m e  ~Ve- , I er n

he m isphere.
These rouuihm n ed statistic s are shown in F i g u r e  2. The lower  prof i le  shows

the solar d isk  longitude proton event d i s t r ib u t i on  der ived from Smart et al . 27 The
upper prof i le  shows the d i s t r i b u t i o n  for al l  proton events l is ted in cata log I and the

present work. The agreement b etween the  t w o  profiles i s  q u i t e  good . It is also

apparent  from the f igure  tha t  the region 30°-GO°\V u .s a ssocia ted  w i t h  th e  g r e m ’ ’ -~st
percentage of proton events for any 30°-,ector.  Smart  et al had 25 percent , w h e r e a s
the present  authors found 23 percent . It ca r t  he concluded that  t h e - e  f i n d i n g s  have
predic t ive  mer i t  and are in agreement w i t h  c u r r e n t l y m crepted f i n d i n g s . M ’, i- s ’ove r ,
the tendency noted doe--s not seem to change w i t h  sun spot r -yc le .

The d i st r i b u t i o n  of all proton events (ca t a log  I and I I )  for  1966 — 1 9 7 6  i s  s h ow n

in Figure 3.

4.3 l)elay to Firat Onaet and Is, Proton Max

In Section 3(3) , we referred to 40 events  for sper ia l  ~tud y . These m ir e 1 i - ~t e r l

in Table 5. Note that column 5 g ives the e a r l ie s t  reported ~l0 MeV ~~~~~~ or

on-set elapsed t ime  from cent imeter  burst  max.  ( R e m e m b e r in a l l  t h i s , we are
evaluat ing the -10  MeV protons . )  Co lumn 7 l i s t s  the longest dura t ion  data reported .
Column 8 gives the range of cent imeter  wavelength flux dens it i e ~, for the event .
Column 9 gives the burst integrated flux densi ty,  generally at 8800 ~l l I z , wh i le

column 10 gives a brief nota t ion  on the radio peak flux spectrum . The -m a ine
parameters of catalog I events were investigated for comparison. The purpe - s i  m -,

to determine whether there is a si gn i f i can t  d i f f e rence  in delay t i m e s  for  the  two
group-s which have very diffe rent radio burst  charac te r i s t ics . The resu l t , are
shown below in Table 6. It is also convenient to compare particle event dura t u ’,ns
in the same table.

25 . Pomerantz , M .A . ,  and Duggal , S. P. ( 1974) The sun and cosmic rays ,
Reviews of Geophysics and Space Phys ics, 12(No. 3) :343 -361.

26 . Sakural , K. ( 1974) Energetic Particles from the Sun, Astrophysics  and Space
Science, D, Reldel Pub. Co. , 28, pp. 375-519 .

27 . Smart , D. F. , Shea , M .A . , Dodson , H .W . , and Hedeman , E . R .  ( 1976)
Distribution of Proton Producing Flares Around the Sun, Space Research
XVI , Akademie-Verlag, Berlin, pp. 797-802 .
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F igure 2. Dis t r ibut ion of Proton Events 1966-
1976 From Catalogs I and II (Upper  Prof 1le) ,
Compared With 1955—19 69 P ( ’A’ s From Smart
et al , 27 ( Lower Profi le)

Whereas Figure 2 has -shown the f r equency  of occurrence  of proton events is

somewhat  ~,‘,1ar longitude dependent , compar ison  of Co lumns  1 and 2 of Table 6
shc,ws that  f l ight  t i m e  of >10 MeV protons from the source to the earth is also
somewhat  longitude dependent , in agreement  w i t h  Reinhard  and Wibberenz , 

28

Ma Sung29 and others .  From Table 6, however , it appears that there are other

28. Relnhard, R. , and Wibberenz, G. ( 1974) PropagatIon of Flare Protons in the
Solar Atmosphere ,  Solar Physics , 36 , pp. 473 -494.

29 . Sung, I. . S. Ma. (1977) A Study of the Propagation and In t r ins ic  Character-
4 i t lcs of Flare Associated Particle Events , NA SA GSFC rpt No. X~~ f iO -7 7-
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Table 5. Work ing  Data for 40 Events ; Proton F l u x  — 1 . 0, ~40 
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f a c t r , r -  re la t ing  to the delay to onset. Note tha t  in Table 6 Co lumn 1, c a t a l o g  I
events have (mn an average a delay to f i r s t  ctn .se f almost 1 hr  shorter  than  ca ta log H
events regardless of d i s k  posi t ion.  Note also tha t  considering onl y the W20 -W9 0

longi tude region catalog I delay t ime , on an average, is very much shor t e r  than

the  catalog II delay t ime .  This suggests an overall energy dependence . The aver-
age delay t i m e  from the cent imeter  max to protor max is also -s h o r t e r  for catalog II
event -s in comparison wi th  catalog I; 15 hr vs 22 . 5 hr.  The average duration is

shor te r  too , as mi ght he expected ; 4h vs 80 hr . We do not have an exact f igure  for

the average b u r s t  in tegrated flux dens i ty  for catalog I events , tho ugh it appears to
-17 -2 -lbe of l  the order of 30 >‘ 10 J m lIz . For catalog II , the average value from

Table 5 is 1 . 3> ’  j  m 2 Hz~~~.
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~~~~~~~~~~
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~~~~~~~~~~~~~

Catalog 1 3 . 9 1 .55 22 . 5 110

Catalog 2 4. 65 4 . 0 15 4 -  I I a !
(present)
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5. I) I~t : ( .sS Io~ ANI) (~( )NCl . l ,SION

l he t , m i  i i -  i t  ,t  I ~i r n a t  i r r n  for advanc ing  correla t ion nn t . u c lon . -m between si ,la  r ’ p a r t i c l e s

i i m ’ I  I ‘I I i ,  I ’ l n m i  - , O r O , is t ha t  the so lar  burs t  energy rnu~~t he related to the number  of

I i i  ‘ 
I u m r l i - , i i i  I m i  v irlui rme of ,t, IIm i a tmosp here where  t h e  b u r s t  occurs . ‘I’hi.~ s houl r l
1 - , , 1 , , 1 - n m r r r i ; , 1  t t ,  the nuem her of protons accelerated. The numtu her of protons

i i .  1 1 7 1 - n  I In ~~j ) ; m ’ ( I  ru InS not account for those t rapped . The fact that  there  is an >

‘3 . 3 1  i t a t m v e  u . - l m r t i o n  b etween protorria measured and r ’arl io burs t  i n t eg ra t ed  flux

n ’  m r u n l t r ’ : , t e ,  t ha t  the re  i -n a ra t io  which  is more  or less  r e l i ab l e .  The ac tua l

t i , -  1 t r I t o n  , i t y  and par t icular l y the spect rum relates  to I I J O  energy of t h e

I tm  - ,a t  I VI , ‘ l e ( - t  U r , r m - r .

11’ ’t h I r i t e  or -~~~ , i - t  an , the U — s h a p e  (ca ta log I) ami d t h i n  flat spec t rum (ca ta log

I I )  m i i i  .- : m l j d  ty p i ’ -~ . T im e  [-shape w i t h  whieh  all the i m p o r t a n t  proton events and

I l m i n i l  of t i r e  n r l m a l l e r  .,nes are associated i~3 cons istent  w i t h  a two source n t e c h a n i s i l l

Lv t h e  gy ro-  $ y r m r n I m u r m t  i r ) n  process. Th i s  spectrum w i t h  i n t ens i t i e s  requi red  ( s t a t u s -
I I n - a l l y) for proton emiss ion  LnS i nd ica t ive  of pa r t i c l es  accelen’ated to  hi gh energies

in t h e  ~o u n - i - e .  The w i d t h  n , f  the  U especiall y, and the s p e c t r a l  -dope above t’max
h a v e  been t - r , u u elated wi th  the observed proton spec t rum ’ and is re l iab le  enough

for proton energy pr ’eo ’I ict ion .

The flat spec t run tm which  describes the radio s igna tu re  of catalog II events i.s
also recognized as a spectral  type. 

2h , 32 , ~~ Whi le  bursts  wi th  t h i s  type spect rum
are not common , i t  can not be said that  the f lat  sp e e t r o t i n i  is l imited  to weak proton
e v e m t t n s . R a m n a t y  and Pet .r oslan 33 concluded that  bursts  whose spectra were e.-m s en-

t i a l l y flat  in l i i i -  2 , 000 to  20 , 000 MI -hz range could not ho produced by t he rma l
C f l m t - 5 ) i r , f l  un less  t h e  f lux densi ties  w e r e  less than about 50 s fu  ( 10 _ 22  w rti 2 11z 1) ,
hut could he caused by f r e e — f r e e  m m h s o n - p t i r , m m o f  norl t h e r m a l  gyrosynchrot  ron c m i i  is —

s lo fl .  They would  r e qu ir e  an electron den si ty  of 2 / io lO r I o  ‘~~
, a i e I I IJ ) e r a t u r c

30 . Str - ; ik ~., 13. M . , 7.011 I3arn ’c,n , W . IL ( I  Sh I t )  M u lt i f r ’ e q u en c y  solar radio burs ts
mis p m - e d i c - ! o r - n  for proton ‘v ( ’m ,t S , P r r , e . of Symp. on Ionospheric F”orecas tin g ,
Grey U o c-k s ,  Canada , Coru f. I ’ r oc: . ~~~ 40 paper

31. J3ak shi , P. , and T lnr r on , W. H. ( 1075) S ec tr a l  Con ’r elations be tween Solar
F l a r e  Hadio Bursts  and As:-mc ,c i at . c’d P r o .ouu  ‘ ux~ s TI AF C RL TR-75-0570 .

32. l!achenberg, 0, , and Wall is , . . ( 196 1)  The Spectrum of Hadiofrequency
• Bursts f rom t h e  Sun in t h e  Cen t imete r  Wavelengths,  Zei t .  F’~r Ast roph ysik ,

52 , pp. 42-72 . 
—

~‘i. Harr~aty,  H . , and Io,t rnms ian , V. (1072)  F r e e — F r e e  Ab orption of Gy r o sy n c mh n - r

• t ron Radia t Ion  in So l a r  Microwave Bursts , st an ford  U n i v . , Ins t i lu t e  oT
1’Ia.y rna Researr im ~~~~ No. 405.
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of -~~ 10 60K and an emission measure  of ‘—4 X I0~~ cm~~ in the emitting region.

Obviousl y, some of the flux densities cited in Table 5 are close to or s l ight l y less

— than 50 flux units .

The Ram aty  and Petrostan investigation did not address proton association for
t h i s  t ype radio spectrum. h owever, Sakurai 26 noted this  type spectrum and related

it to delayed onset type proton event.s as we have found. His average radio flux

d e n s ity  values were several hundred sfu . We relate the causa t ive  d i f ference  be-

twcen the prompt and delayed proton onset to the energy of t i le  ,o lar  c r , s , u m i c  r ays .

.Sakura i 2
~

> found in tense  mic r o w a v e  emiss ion  burs ts  were associated wi th  so lar

flares r e l a t ed  to fast onset proton events.  Moreover , the  rapidness of f lare devel-

opment  was found to be an impor tan t  fac tor  for the  a r c - i ’ l i - u a t i o r m  e f f i c i e n cy  of f l a r e

associated protons.

It is impossu ole  to de te rmine  what  conditions ar ise  in the S o l I l u -  flare n’eg io n to
. I m e  t i m e  produce fl at spect ra  hur ’sts wi th  lower energ ies , and at another  t ime  ii .

produc e intense short cm bum - st - n  wi th  U-shape sl a s -t r a  and higher energy particles .
l- ’mm u examp le, when a ve u -y  Impress ive  region is on the sun , both types of burst

.-i p c ’ r t n m  h a y  he observed, say a day apar t .  Hence , the s ignature  of flat bu r s t s  is

not to he found in the macroscop ic features of the region.

From a pred ic t ion  viewpoint , it appears that  for the rapid onset catastrophic
geophysical  events  there is a reliable radio s ignature . When advance warning  is
not s It  i m p o r t a n t  as in the  ease of small proton events with somewhat delayed onset,
there  is also a radio s ignature  in the burst integrated flux density w i t h  a threshold

of about J m ’
~
2 l I z ~~~. In the final analysis, it may be that, since delay to

onset and duration are related to the proton energy di s t r ibut ion , more effort in the

proton spectrum predict ion area should be a recommendation from this stud y.
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