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— ~ absorption predicted by this formula is within a factor of 2 of that actually observed for
22 of the 32 principal PCA events (69 percent) and within a factor of 3 for 28 of the 32
(88 percent). A correction for the effect of the interp lanetary magnetic field on particle
propagation is considered in the appendix.
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OBJ ECTIVE
Develop earth environment-disturbance forecasting techn iques to pred ict degrada t ion

effects on military communicat ions , navigatio n , an d surveillanc e and on weapon systems
which use electromagnetic ra d iation.

RESU LTS
Forty-seven Polar Cap Absorption Events which occurred during the nineteenth and

twentieth solar cycles were studied. Parent-tiare 2.8-GHz event energy was correlated wi th
peak riometer absorption for these events. Thirty-two of the events had riometer absorption
~ 2.0 dB. The least-square s relationshi p between the peak absorption (A) and the burst energ y
(E) is given by

A(dB) = 0.0 116 F (Sfu °min ) 05555

with a correlation coefficient (R) of 0.59 . The peak absorption predicted by this formula is
within a factor of 2 of that actually observed for 22 of the 32 principal PCA events (69 pe r-
cent) and within a factor of 3 for 28 of 32 ~88 percent ) events.

ADMINISTRATIVE INFORMATION
This work was performed by members of the Propagation Division , Electromagnetic

Systems Department , of the Naval Electronics Laboratory Center between May 1975 and
July 1976 under Progra m Element 627 59N . Project F525 5 1 , and Task Area WF525 5 1717
(NELC M207) . This report was approved for publication 1 December 1976.

The author is grateful to DF Smart , MA Shea , and RM Straka for helpful  discussions
and also thanks AE Covington for kindly providing unpublished radio data from the nine-
teenth solar cycle.
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INTRODUCTION
Polar (‘ap Absorption (PCA) events caused by how— energ y ( 10 MeV ) prot ons eject ed

f ’roni intense solar h ares can disrupt high—f ’re quency comm unica t ions  in the ear th ’ s polar
regions f’or pe ri ods of days. The spat ial  and temporal ex ten t  of ’ the P(’A event m ake it oh
particula r concern to the US Air Force. The time delay between the optical and radio obser-
vation of the flare and t h e  arrival of flare part icles enables the solar forecaster at th e Air
Force Global Weather Central (AFGW C) to notif y customers , who use the polar-r egion iono-
sphere in their communicat ions  networks , of the  impending occurrence and expected inten-
sity of a PCA.

The spectral shape of the Type IV microwave radio emission associated wi th  large
flares has proven a useh ’ul tool for predicting whether  or not a given fl are will produce a prin-
cipa l (~ 2.0 dB) riometer absorption event (ret ’ 1—3 ) . Several methods (ref 4 —1 2 )  have been
deve loped to forecast the in te n sity of a sola r pa r tic le eve nt based upon othe r pa ra m ete rs of
the parent-t lare microwave burst. These methods are reviewed in table I .

The firs t four studies at tempted correlations between burs t parameters and time-
integrated proton fluxes. Straka and Barron (ref 8) were the h’irst to consider correlations
with peak proton fluxes and riometer absorption. In a follow—u p study based UPOI 1 data from
the range of discrete frequencies monitored at Sagamore Hill Observatory . Straka concluded
that the integrated burst flux density (event energy) at the longer centimetre and decimetre
wavelengths was a use ful predictor of the size of ’ P(’A events (ref 9). (‘room obta in ed a high
correlation (0.8) between parent-flare burst mean durat ion and peak I 0-MeV proton flux for
a rela t ively la rge data sample , h ut th is  method has yet to receive an operational test (ret ’ 10),
An analysis by this author of 32 solar particle events , detected by the Goddard Space F lig h t
Center Experiment aboard Explorers 34 and 41 , revealed a correlation coe f f ic ien t  of onl y

0.5 between the 2 , 8—GUz event mean durat ion and the peak 6—I 9—M eV proton 11u ., The
methods developed by Newell (ref I I )  and Casfelli et al (ref 1 2) are currentl y in use at AFGW(’.

- Caste lh i . JP , Aar ons , J , an d MlChath I , ~~~~~~~ “Flux Den sity Measurements of Radio BuIsis of Pr oton-
Producing Flares and N onp nl to n Flares .” Jour nat of Geop hy sical Resear ch - v 72 .  p S4’ I . I I)t17

2. AFCRL Technical Report t,S-0104 . (Ths ervat ion and I ’oEecasting of Solai Proton I ve nts. by JP (‘ast e l hi ,
19b8

3. AI ( ’RL Technical Report 70-0425 . the  Pr edictio n of Solar Proton I -v en ts  Base~1 on Solar Radio t itu s
sions , by WI: Oi3rien . I’)70

4 . NA SA Techn ical Report SP-5O , A Rev iew of Solar (‘,u sntk Ray Events .  by WR Webbet . A A S  NASA
Symposium on th e  Physics of Solar Flares , ed it e d by WN lk’ss, ;, 215 , I Ihi3

5 . Fletcher , J l ) , ‘‘Solar Radio I -n i i s st ,ut i  ,is ,I ( ’r i t e r lon  for  Solar Proton I - ve n t  ~~a t r r i n g , ’’ A l A ~’s J ou r n a l ,
v 2 .p  2I ~)3 . l%4

fr N A SA  Progr am Work ing  I’ape i . P r e l i t n i n a t s  W a r t u u i u c  (‘ rl t eit1.  to t  the Solar Par t i c le  Ale u r N~ t~~oik , Iss
MI) l.opei . Al Bragg , and J I )  ~I I r I l I s r ’ i i e  11) 111 ,

- N A SA techni cal  Report 32-103 , Solar P r ot on  i- IIR’ c- a s t  S~ ‘.)I,’t i i  ar id I’ioce dures Used l) uri ng t i r e  M , u i n ie i
V Mission. b, ( ( 

- Gon ialei •irirl 1- 1 l ) t v i t a  . I
S . Strak a . RM . and Ha r mo n . WR , ‘‘M u r l t t f r e q r i e r u c v  SI ’laI  Radio l m s t c  is I’t C d r L ’ I I I T S  Sr P i l I t i l t i  I vent ~~
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1- vet t i  \ t , I e i l i t u d e . by KM St ,ak1i , I
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The latter  of tj 1c’sC is an extension of Straka ’s s tudy at 8,8 GIIz  and provides the  primary
input to a program recently d eveloped by Smart and Shea (in preparation ) which predicts
the time behavior of (lie flare particle spectrum. (A t h i r d  method of predict ing the  in t ens i ty
oh ’ PCA events which is current ly  in use at AFGWC was developed by Kuck (ref 13) and Kti ck
et al (ref 14). It is based on the parent—flare soft X—ray emission. )

The main d iff ’erence between this study and those summarized in table I is tha t  the
data sample con sid ered here is mu ch larger . First of ’ all , more events have bee n observed since
Castelli et al (ret ’ 1 2) reported their  results. Second , correlating wi th  riometer absorption
rat h er than satellite—measur ed particl e fl its. allows one to include events from the n i ne f een fh
solar cycle . As a n ad ded bonus , many of ’ these early absorption events are among the largest
ever observed. The predictor used is that which, over the years , has emerged as the most
reliable — event energy. The physica l reason for expectin g radio-event energ y to he com-rek ;ted
with peak particle flux is that  the radio energy should be proportional to the number of elec-
trons accelerated which should , in turn ,  according to neutrality arguments , he approximatel y
equal to the number of ’ positive ions which are accelerated. Finally, the choice of’ the radio
frequency for this study was dictated both by Straka ’s preliminary indication that low micro-
wave frequencies are superior t’or predicting peak riometer absorption and also by the availa-
bility of the excellent 2.8-GHz ( 10.7-cm) observations by Covington at Ottawa throughout
the nineteenth and twentieth solar cycles.

DATA CONSIDERATIONS
The selection criteria for the events were as f ’ollows:

(a) 30-MHz riometer absorption ~ 0,5 dB:
(b) Visible hemisphere parent flare and

(c) Parent flare observed by Ottawa (nineteenth solar-cycle events only) .

Criterion (a) was imposed because 0.5 d B is near the lower l imit  of ’ r iometer sensit ivity.
The prediction threshold beyond which AFGWC notif ’ies customers of an impending polar—cap
event is 1.0 dB of night t ime absorption and 2,0 dB of dayt ime absorption.

Criterion (b) is necessary because , for l imb events . ( 1) radio (and optical ) source
regio ns are occu lte d by the disk by an u n k n o w n  amoun t ,  and ( 2 )  p art icle propagation effects
m a y  play a dominant  role.

Criterion (c) was adopted because oh ’ t h e  ava i la bi l i ty  and consistenc y of the Ottaw a
data.

By the mid I ~)60s, coverage of the sun at or near 2.8 Gl Ii was vir tuall y complete and
all twent i eth  solar—cycle ~‘veut s wit ich met cri ter i a ~a ) and (b )  were included in I he sa mpk . In
all , 70 events srt i sc~’d the cri teria , l’hese events  are listed in t ables 2 and 3, For a ll events in
table 2 . the radio emission oh ’ t he parent flare met or exceeded t i re  500—Slit peak f lux  dens i tv *
‘‘hell—ringer ” cr i t er ton  of t he Air W eather  Services Space l:nv iron t ne n ta l  Support  Svsteni
NE SS) net work  of ohsv’r%’a for i t ”s :11 sunk’ f rL’t luencv , f , ~

‘> 1415 M u ,, The par en t  flares listed
i n table 3 did n iot produce lot  would not have produced ) a rad j o—even t  wa rn in g .

I ~ . \ I -’Wt l c ~l n n n n ~-al NIIt ( ’ W I  R I  ii , P i e d n c t n i ’n i  l( Polar ~
‘
~‘i’ \b sotp t ion  I - v e n u s , ls~ ( \  Ku c ’k . I ° ’ l

14 ~i W I  I I ’. hinu ic .n l  Report  $1 I ,  P ,t ’t f i ~’ t i t I t l  of Pol ar ( ‘.nj s .‘\b I l p I l o i l I s e l i t s , bs U 1
~ J~ n n e k , KR I) , is is  , t ind

( ,J ~~u ,iu sc 10 ’ I
• I S t i r  I 5 I ’ l , I i  l i i i ’ s  i n i i O  l t )  ss , n f ( ’ f i i ’
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TABLE 2 , (Con t inued ) .

2,8-G lli 3O.MII,
U-~ Optical M eMath Event Riometer *

Peak Flare Solar Plage Energy Ab sorpti or Observa-
Date Tini e (‘lass Coordina t es Reg ion (Slu ‘r u in) (dB ) tory N otes

15Apr 70 041’) 2B N 13 .W86 10670 10395 2.0 M 12 ,1(1

23 Jul 70 1843 l B  N09.E09 1 0845 4 805 4, 7 0 17

05 Nov 70 0330 3B St2 ,E36 11019 8893 0.8 M 12 .18

11Dec 70 2241 IN N16,W02 11073 1411 0 0.5 M 13

24Jan7 1 2316 3B N18,W49 11128 30555 (1,3 M 12

06 Apr7 1 0944 iN SI9.WSO 11221 5813 2.2 M 12 .19

05 Mar72 081(1 l B  S07 .E43 11769 4830 3.4 M 12 .20

28May 72 1332 2B N09,E30 11895 24295 2,2 0

02 Aug 72 2058 2B N14,E28 11976 379 200 8.5 0 21

04Aug 72 0640 38 N14,EO8 11976 124 630 16,0 M 12 ,22

07Aug 72 1534 3B N14,W37 11976 70980 14,0 0 23

30Oct 72 0731 lB Sl0,W03 12094 523 2.6 M 12.24

29 Apr 73 2104 2B NI4.W73 12322 68640 1,2 0 25
03Jul 74 0840 2B S14,E08 1 3043 6873 1.8 M 12 .2(1

04Jul 74 1357 2B S16,W08 1 3043 34695 4,6 0 27

10Sep 74 2 155 2B N 10.Eol 13225 49350 3.0 0

19Sep 74 2240 2N N09,W62 13225 2 1 6 7 5  3,0 P

05 Nov 74 1538 1N Sl2 ,W78 13310 230 0.5 0

2 1 Aug 75 1542 l B  N28,W76 13 81 1 141 0.6 0

30 Apr 76 2108 2B S09.W47 14179 9904 2.6 12

= Ottawa; N = Nagoya; M Manila; SC = Sagatnore Hill ; Ne = Nederhorst : P = Pent ic ton ;  SI. = Slough ;
L = La Posta

NOTES TO TABLE 2

(I) A riometer absorption value of 7 .5 h 13 ssas also rei -iou ted.
2) The midpoi n t of’ the range I l l  r i on l t’t cr ;nbsorptio n sa l  ties was used in the correlatiotis,

(3) A sudden comm encement of ’ a g i eut geomagnetic ston in (UMS) OCCUt red on II May at 2330 IT , neat
the time of rmnximum rionuefer absorpt ion -

(4) A sudden commencement oti 17 Jul  at I (‘35 1)1’ wh ich preceded a grea t GMS s a s s I l C i . t t c d  wi th  t h e
observed particle flu’s maximum of th is  flare. Peak rion lie tet ab si l ipt  ton ( l ec r i t  red on I 7 J unIv ,r u I 0 how ’s ( ‘ 1,

( 5 )  \ sudden cOf lh t f lC i lC~’t l1t’ u t  ,~f gte at  U MS ot’t’i n r u e,I t h u  1)8 N t i s  , i t  (1421 1’ I , rica i t lie pea I, t Iii ’ P( - A
eve nt,

o~) The peak time l is ted is t h a t  of ’ t he  2. 8-GIl, ernuss ioti .

(
‘ ) I’Iie rad i o  I lb se t V ~m t i l 1t t s  t I l t  t h is t’s t ’ tu ( ate I I  2I ) Cli,.

(8 )  -t GSS(’ tbt ’CuI i rc t I  on 2’) Au g u I  I ~l ~ L I I , ~-22 h i o n i s  l O l l  t l i t ’ (Iii, ’ . i n I  1 2 i~~ws  I t ’ I I I I I ’ Ii , ’ Pt ’ \
( ‘vet ) t l t i , i  ‘ s t i f l u l i l i

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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l . -\ 13 1_ I - 2 ,  ((‘ on t  intued 1,

( 1) )  hl l lowit ig S~i’s tk _ i  and Si t i on i  I i~.’I I S ) ,  t h e  P( -t i i i a \ l i n u l n i  is t a k ei t  at  2 3 $ ))  ( ‘ I  -

10) -\ (;SS(’ ,1L’t’u i u e d  ot t  24 \I,i ~ :11 172u I I  , 22 tours  aIue t t h e  fl at e and I ’) l i t m u s  b e f o t e  t he  l’(’ .-\
ev e t i t  t t i ax n nuu t u  . -\ secotud SC’ t1e~’uuured ott 25 N1 , i~ it  12 h i o u t s  L I  , ui eai t h e  )beak of t h e  t’( ’ .t eveui t .

(II) f lue r ad io  obs’’ rva t i o t i s  ( OF t h is evt ’u i t a t e  at  3, 1) Cl i i ,

( 1 2 )  The 2 s-G l t, e v e u u t  et i erg v  was ineat , u ic ~I t r I l n i  pu blish ed Mat uila st utp — t - hi att rt ’t’ oi ds

1, 13)  fhe N I an i I . i  s u u i p ~ ’ lu a r t  r eco td was not a v a i l a bl e  I l t i  t h us e v e n t ,

(14) ( ; e , u u u i a g n u e u  s t o r m  n i od ul au i o t u  w i t h  sudden t’I l t t n n e t i c e i n e t i t & ut i  (15 Dec at 0o33 L - I is l is ted as .i deli~
t i l t C s t h i u i  t’C 01’ P.11 ! it ’ I es to  r .1 sit bseq u etu u Pt.’ ~-\ event  - T he peak rio rne Ic r a hsorp I t  I l t i  f o  t I he f la t  e—
associated even t  occurred ott 05 I)e~ at 0~42 L I

( I S )  A t i t a jo r  t n ag t i e i  it st o r tn  beg ati at  03 h u o u n r s  I _ F  at i d h a d  i t s  t n a x t t t l u t u  at IS  hours  I I I ’ . tu e a r  t h e  peak of
t h e P(’ -\ e v e t i t .

( I 1-i ’) A sti d den L I l  t u t u  ue t u t ’et i ie i t t  occ i t i r e d  at  I 04” L T on I 1-i Apri l . tu c a i Ore peak of 1 he P(’ .t CVC ill -

( 1 ” )  The a b s i h r p t u t l n u  ‘‘spike ’’ of 4 .7 dli i s -asso c iated w i t h (.SS(’ at 235() I_IT o ut 24 JuI s . 24 lit uui s , t t t e i
he p l o i u i p t  p h ase of t hue par t  ide ev e tu t  Au earlier suddeni t’onitlienice tnent whit-li oc curred oil 24 J iu l s

at I I  h I b u l s  I ’  F was probabl y associated si-iOu a 213 tl ,ire (N09 ,F32)  w i t h  ilu axint uuui ti at (1(132 L ‘1 on
22 J u l y .

I 8) A sit dden d li i i  in cii  cc l i i i’ tu t occ t i r ed at 00411 C 1 o ii 0” Nt ~s - about (1 hon i s be f o e  t hue peak of the  low -
eti t ’! gs particle t’seu ut

( I  0 1 The radio es-eti I was observed shioi I lv before Sut use t at Manila

(20 1 Cas te hh i (GS1)B . Appendix  A) arid V aui  l Iol leh ~eke Ct  :0 l is t  a —N e ve nut  (St)” ,F40) w i t h  n u a x i t t u u i i n  a t
I 1 4 I UT as an add it ion ua I source of ’ p at - I ic les ‘or th u is eveti t . A sudde n c o u n t n e n ~~’t1h’nt ~ .is r ec (h n  tIed at

21 hou rs I. - I t ’nu (31-i Mart - hi . I lion i bet ot e t hue P(’ A ma x u u t t u i t i i  was recorded at  Thu Ic a t id  $7 h o u r s

a Ocr t he tias h i p hase of ’ f l u e  Ill f ’Ia e -

( 2 1 )  -t sudd e tu c t l u u i t i t t ’t it ’etne ti t assoc iat ed wit h ati c:i i l ici flare ott 02 Aug ( I I I ; N I 4 , l t $ 5 ;  1)410 1 I I  occu tr ie d
at 0 1 I 0 I T  ou u 04 -tug , l’he su i di l e ti cot u i t i i et i c cmt ’ i t  assot ’ a ted wit Ii t f i u s  f i a t  t’ oct -u t  red on 04 Aug at
0221 I_I T ( r e f  I b ) .  The 30-th u a b s o u p t i l l n  ieach cd a peak of 8 .5 dli it  0(1 h u o n t s  ( ‘ I  on 04 -tug.  Fol-
ho si tug  (‘as te l l i  :it id \ , iui  I lo l l eb eke et al . t h e  Iii flaie t u t u  02 Aug is t’ot i sidei ed to  be a c i u t i t r i b i n t i n g
source of p a r t i c l e s  ftu t h e  PC -N e ve t i t ,

( 2 2 )  The Th u n le  3 i1 .\III ,  r i o t l i e t e t  s a t u t : i t e d  i i  12 I u o i i u s  1 1 -

( 2 $ )  S um d t f e tu  ~- ot 1 i t u i ence t i ie n t ’s  occ u i r i ed  on ()~ t u g  at  23’ -) t I and tou 1)~) -t ug , ut  003” ( ‘ I  - I but ’ l u s t  S( is
,iss~’~- i . i t e ~f s i i ih i  lu ’s f lare ,  \ I , i ’ s iu t i n ui t  r u i h u t i t ’t eu  : u b s o i p t i l b u i  s’, . ls  u e t ’, ltd e d  i i  i ’h ui le  at  22 b o u t s  I l t i

OS \ i i~~.

(24 ) l’hic I l aut ’ ,I ssot i . i u i t ’ i u  f o r  t h i n  t’ \ t ’t i i  i s  a i t t ’i (‘a s t e l l i ,  \ . i u i  I I t ~lhebe k e ci ah i t h e n t i l s  atu t’ a u h u t ’i t l :uie  (2 \ .
SI ~).h-05 I r epot ted h-is ilii.ut u c:u ’s o .is the pau t’le souR -c , I Ins I l , n t’ be g aut an I~~44 L - F on 2’~ O~’t , i t ud
l a sted ~‘sct  4 5  h t l i t i s ,  Radi o  . i c t i v u t ’ s  , t h u i u i n g  t i n s  t u n i c  1ieu io , f . co u i s i s t c t t  I l l  ,i gi,ithii,iL l i s t ’ a t id  f a l l  e v e t u t
begi t u t n i t u i t  a t 1~~ 0 L - I , i t u t l  e t n t h t t t g  a t  2108 I I  ‘ ss i t h i  s u i p e u u t t i p o s e t t  c o t t t p he ’s (‘R’ i i t s  peakitig a t  I (~I 5 L -

, i t id I “ 5$ ( I  - lit  , t l l , t h u c  1 s - U I I ,  t’nt ’u c \  t I l t , i leth ui t ’, u t l ~ SOOt) S f u i ’ i t i i t u .  ( , u s t e l h i  I is t ~ Ins i’, u i l u e t  f la t ~’ us
po s s ib l e  ~-~lt i u i  ibt i tni g s t h t n t’e ,lt O ut ’ pa i t i ~’le t’st ’ u iu  - I he I i .u te  i i i  t h e  t ab le  ss :is ~‘h i osetu is  t h e  p u i u u t ’ p ;ul

p : i i u i t - l c  s I l i l C I ’ I’e~- .u ius t ’ i t  a u u i o t e  l i k e l y  t’ a t i t h i t h a t e  to h as-c p r o d u ced t h e  shot -k i t ’s p l l t i s i b l t ’ I l l  t h e  881
t~n 31 01- u i t  I i, S_ ( I - I . t t e a t  t h e  peak of the : ib so ip t i tb t l  even t  - I hu e i: u di , ’ emission ot I h i u s  l iaie ‘s’s.is

t n i l d e i a t e l v  t t t t e n i s c  u t  t h e  h i ig ht t ’i t i t i c t l l w a v c  t u e t h u u t ’nc ies  IS b’ = p e ak in ’s ,ht ’ t t s i i ~ ‘140 S t i u  u t
s .S (.1 1,’) .  N I s ’ I h u i , i i i ~ ,i ’s 1 i i .is  t h e  i~t uI ’ s  ,Ibst ’ i v , i l l h i \  I l l  i h u u e e  I l i t  p . u t t o l  b ’et s i t’t’ tu I~ l o u i s  t - I ,umi

20 h i t h u i t s  I I fl 2 u  Oct sshu i ~’ hi , i s s i i ’ u i t ’ l  ,un u t i p h t l , i t l 1 ’e t- I , u ssulu5 ’,ili o n l h l  ‘N to  t I r e  t- ei ut ual disk ,i~ i 0 f l s
l ii , ’ I l t  hut ’t i ’s ’s ’ st , i  t o i l ’  i t’ 3 O b i  u t ’t) I t u  l ’ s s i i h ’ t  1_ ucs

I I I i i ’. I l , u t ’ s i n  t l u t ’ s u i t , ’ i l t  t’ t i t ’ i c t ’ t i t  -i l i d ’s ‘s’s hu u ch i  p i l1 th i ~~t’ h  .1 g i l h u u u u h - l t ’st ’I t’’st’ t i t  h - i u t  . ipp. iut ’ u u t  h i i t
p u t l t l u l d e t h  i ‘ l . i t i s  l ’s t esi l ’ s ’ s  -,‘ ui t ’i c’s j h i o t  in

. S
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l A B  LI’ 2, (Coot it iued ).

(21-i ) I’t l l l l l wt t ig  ( ‘: i s t e lh i . possible c l i t u t u i b l i t u t i g  ) h . u i t ’s l u a, h m a x i m a  at  07 11-i I i  ( I N , S l3 , l - 7 )  mu 02 Ju l y  am)
0840 I_I’f (2 11 ;  SI 4 , 1- 1)5) on 03 J ul v ,

(2 71 (‘astell i  l ists a to ta l  I seven ev e tu u s  o c c u r r i n g  on 04 and 05 Jul y  w h u ic h i  may b rave ~‘tIuut r uhu tcd  to  t h i t s
pat tic Ic event . Ot u huese . f lue event t i i i  t lie I able was t lie niost eni erge t ie  at cc ti t i m e  t i c  wa ‘se ler ig t lus. Sm) —

den co r nmeni ce t iue t i t s  occurred ,i tu 05 J u i l~ .ii 1930 U I at id on 06 Jul y at 0322 (IT , it is h -ieh ie ’s ’e it t h at
the first  S(’ is associated wi t  hi u he p le ’ s ious  h are li t  t lie table at id (hue secotid wi th  I lie flare und et  di scu s-
sion i , The PCA ma x it mut u was rec orded ti n t 05 J u l y  at 20 hours I_I T ,  It is suggested t h at the t uu ag i ue t ic
field of ’ t he shock t’r on ut  r esponu sib Ic for I hue fin - st st iddeti  eo trn t uienide t i i en t  i tu hu i h i i t ed  t he pr oti i pm low.
energy par t ic le  response of ’ this flare.

15.  ~vestka , Z , and Sim oti. P. “Proton Flare Prt ~ ect .“ Solar Physics, V 10 . p 3 . 19(19
16. Dryer . M , F,via t a r ,  A , Froh l icbu . A . Jacobs. “u . Josep h . J i l . anti Weher , EJ , “Inti ’rp lanuel arv Shock Waves

arid Comet Bri ghtness F luc tuan io t i s  Du r i t ug  Jun e—Augus t  1972 .” Jourt ial of Geop hy sical  Rese arc lu.
v 80 , p 2001 . 1975

TABLE 3. EVENTS FOR Wh ICH TI-I F PARENT-FLARE PEAK RA I ) lO EMISSION
<500 St’u ( I  ~ 1415 M 1-lz) ,

2,8-GUz 30.MH~ 
2,8-6Hz

H.~ Optical  Solar McM ath  Event Riotuieter Peak Flux
Peak Flare Coordi . Plage Energy Ahsorp . Density Duration Observa-

Date Time Class ru ates Re~ioni ( SI’u t iu it i) lion (dB) ( Sfu ) (miii) t o ry  Notes

2r’ Sep 5 7 l ’)52 3 N 22 ,E 1 5  4 159 2 040 2 67 (10 0

1 5 J u l 6 1  1512 2 S07 ,W20 ( 117 1 91 ‘d O  76 7 0

10 N o v 6 1  1444 1+ N I 9 .W90 (1264 1 748 1-2.2 124 38 C)

05 Feb 65 1810 2 N0S,W25 7(1(il 1 843 1,6 43 97 0

13 Feb 67 1820 313 N 21 ,W I I  5( 157 2432 0,5 50 127 0 2

It - i Dec 67 0255 3N N23 , I ’ o h  O h  IS l S ’ S  0,5 355 45 N 3

04 Oct (-iS 0020 213 SI 7 ,W 3 - i  ‘) - ‘92 Q 050 1 .6 I 05 1(18 M 4 ,5

24 Jan (19 0728 313 N20 ,WOS O~ 7 1  3 (13 ” I .3 17( 1 101 M 4 ,(~

25 Sep t-iQ 0753 3N N h 3 ,W I S  i0 32 ( -i  I “ 1 2  0. 7 35 107 Nc 7

07 NIa t ‘1) 0 152 213 SI 2 , 1’ II ) 11) 1-i l 4 ~94 2 ,4 I l ’ )  12 M 4 ,5

30 t1 ;uv ’O 03l~ 2N SOS ,W33 ltri o) 2441 1,0 li - i $00 I

l~
) ,l : r t u  “2 1 (144 113 S I5 .F l 2  I I ( ~93 1 428 I S  10 255 0 10, 1 1

0958 I N  Sl0 ,l- I I  l l u 2 ( ,  3”2 31) 14 SC
I S  J u n u  “2 1 313 I I’ SI4 ,WO(l 11 1) 2 3 I ( ~ ,Sl ~ I ~~~~ 5” ~~I) 1) 12

0’~ Sep “3 1 202 313 
- 

Sh S ,W—0 -i l 2 ~~ 0” 31s11  I S  284 04 I I

2 O J u I ”3 1 3 2 )  313 NI4 ,h- -l~ l2 4t -ih (1615 0.’ 15 ~~ C) I I

I)
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TABLE 3. (Cont inued ).

Nt. ) Fl - S TO TABL E 3

I ) l’he r i o ru et e r  ahsorpt iotu ‘s:i s snpC rim posed t i t i  a t  ca lieu  a hs i urp t  in t i  event
( 2 ) Ge otu agnue t ic stor m m , ud tmla t  i tu tu  , wit hu suddet u t orn it e t i ccn u er u  t a t  2348 I F on I S  Feb . is I isted as a

d e f u t u i t e  con t r i b u t i n u g  source ut part icles .

(3 )  T h e  radio tu b s erva lions  are a t  2.0 ( ; ii, ,

(4)  The Man u i la  s ur i p~1h iar ( record us as  t iot  ava i l -able t’t ur  t h u s  even t .

(5 )  T h e  peak t inue  is t h u -at of the  2. s.GII i  Ct i l i s S iOt i .

t ô )  Observati tut is at ‘ uh a tu i l a  were  t e n  t n i n i a u c d  by sunse t .

( 7 )  Radio observat ionus are at  3,0 GI lt . T h e  peak u ti le is t h a t  of t h e  3,0-Glh, C fl i l s S i t l t i ,

( 8 )  Van Holleheke et al list a I B flare (S! 4 ,E45) wi t b u  t uu a x in u urr n  a t  1128 I TT as the  source of par t i c l e s  t t o
t h is e’s’etit . Ih uw eve r , the flare it i the  t ah lc  is a tu ore l i k e l y  c a t id id a te  to have produced the shock t r t i t i t
responsible for the su dd eu u e o t n tu ence m etr t  oil 08 Mar at  15 hours  I T  t h a n  was associated w i t h  t he
peak of the  r iot u ue te r  absorpt ion evenu t .  N e i t h e r  event  was ‘s’ery impressive at  radio  w a v e l e n g t h s. —

(9 ) The radio observations are from Toy tukawa at  2.0 (‘, l lz .
( 1 0 )  A sudden cot umencemet i t  was observed ott 21 Ja t u  at  1 1 5 1  LiT , tie - ar t h e  peak of t h e  PC.t eve tu t  .

( I I )  The ti -a re aSsociation for this  evet u t  is af ter  Castel l i .

112) (‘oord inated observations of these flares d u t r i t u g  t he  ( ‘IN ()F program ( re f  17—2 1) )  suggest ( l i - a t  b o t h
flares may h-ave contuibut ed to the particle eve t i t ,  In I-” n gur e I , (l ie snni of f lue  evetut  energies is used,
Sudden commencements  occurred al 0630 UT -arid 1 3 1 1  VT on 17 June .  The secotud SC bias h eetu
associated w i t h u  the  flare at  0958 LF on I S  J u n e .  The Shep herd Bay r i o t i i e t er  peaked at  IS hours  VT
on l 7 i u t t u e ,

Dodsoti , HW , atid Hedeitiati . RE ‘N Small  Suhli ar e ti t h e  (‘INOI- Progu :irui : Jutie ~~‘~~2 14 51 111 lu ~~11 ntm

VT ,” AF(’RL Tech n ica l  Report  75-0437 . (975
I S , Brui ek . A , ‘The Ju ne 1972 Fveui t ,” A FCRLTcchu tiiczil Repu r t 75-04 37 . 197 5
I’), Shea . ti -N , a tu d Sitia rt . I)F. ‘‘ -N i t -\t ialv sis of Solar Pa r t i ~ Ie l ) a ta  O b t a i n e d  D u u r i t u g  (‘ IN OF .’’ - N F ( R l

Tc~-hi nuica l Report 7 5—11437 . Res u l t s Oh ta it ied Duir uttg (lie (‘:uuii p :ui gu i ( i i  lt i tegratcd ()bsc r v a i I o u u s  of
S~ul:m r Flau Cs, 1975

2( 1, \ l i l i : i l ’v , J I ) , amid  ‘uVolle , i l l . ‘‘Pioneer IC), 6 , :und 11 Solar Plasma ()hsv’i v . i t i ’ u i s  Du i uiu i g 5_ 7 u J i m t ie h i ’ .’’

tl:(’RL l cc hutui s’al Repu url T— l—i)2 ~
’ I . (‘ I u i i p i l : i t i l b t u  u l t  Solar Particle :mt itl lui t e u p l :itu c t ,uus M c :u siur ctuic iuts

-tcqui red Du itu ig t h e  (‘z n t u t p a i g u i  I i  Int cgr: itet Obs civa ji uis ‘I SoI:ui 1 la ies . I

U he 2 8— ( ~h It e t u s ’rii v listed ni t t abh ,’s 2 a t i u ,I 3 is Ih i a t o f ’ t he  m a n n  radio evv ’nul : us ’ , it  dot ’s
not t n i e l t i de  the eni s’rgy oh’ t h y ’ pres ’C mr som’ at i d post bur st itucrease ‘s’s l i i c l i  t u t t c t u  a cc o t uu p :n t u ~ l ange
h t t r s l s . ‘J’he s’ti c r i iu t ’s l i , u ’ s y’ b~ s’ti v’: i l s ’ t t l a l s ’sh I r o t i n  t h i e  b t i r s l  u, h i m t ’ a t i o t i s  am i d t t l s ’a tu f ’l u x  sl y ’ t u s i t u y ’s
hj s tu , ’& h i n  Solar ( ;t ’u ip l i~ si _ - . l  l ) , i l ~~I S( ~I ) ) , t I n ,’ ( ) i u : i r l s ’rh h i u i l l u , ’ I t t i  of Solar A c l i v m t v  (Q I i S - \  1. .u t i t h
t h e  ( ~.‘iup l i ~ ‘s i t s  . i u u t h  Sp~icc I ), i t . t  l3tulls ’tin (GSI)lJl . -\s pi ut nle d oul by St r ak a  and I i a n m o t i  ( r e f  -~ i,
t t ’ s i n i (~ ( h i t ’ r~’l ; u h u t  u t t s h t  i l - i
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to deter m imu e event energy ms not wi thout  its risks. l’he eyebal l m e t h ods ol ’te n t ised to obt a in
the mean flux den sities of complex bursts cam u result in sign il ’i can u t errors as much as a l a y t o n
01 two. For 31-i of the  70 events . I he 2 , S— ( ; I i ,  emuer gy was cak ’u lated h ’rom t he accurate 1)1 l awa
and Penticton burst paramet ers , In add i t i on , pro hi l es  of large b um r sts  are o l t en  publ ished iii
data con ’np ilatio ns . en u a bl im ug us to measure d i rec t l y  b lue area t inder  the  ctm rv e for these ev em il s
and fur ther  reduc e probable error. ‘I’he enuergies of 1 2 nuore events were determined in t h is
manner. Followin g Wet ’er ( r eh ’ 2 1 ) .  the  energy is giv e nu in the conu ve tu ien t  un i t s  oh ’ Sfti ‘mm .
rather ti t an in the more conventional  uni ts  ofjou les per square metre per hertz (J m 2 l i t  — I
A_s a fin u a l com nu emut on t h e  radio data , it should be noted that Ottawa and La Posta observe
the sun at 2.8 61-li while t h e  nominal frequency of observation at Sagainore Hill and Manila
is 2695 MHz. In actual practice . 01’ course . this slight differetu ce in frequency is generally not
significant and in this report all such observations are refe rred to as being at 2.8 6Hz. For a
few twentieth solar-cycle events , observations were not available at 2.8 GUi ; for these cases .
the paratneters of the next closest reported frequency were used to calculat e the energy. All
such exceptions are noted .

For events occurring before 1970 . the peak riometer absorption value and the  id en u t i -
tica t ion of the pare n t blare w ere ta k en h’ro m re fere nce 22 . Only t hose ca t a log eve n ts w i th
definite parent-bl are associations were included in the sample. For PCA events occurring
since 1969 for which there was sonic question ) about the assignment of a parent blare , the li st
of Van Hollebeke et al (ref 23) amid appen u d ix  A of the GSDB were consulted. For these events
the source of the parent—flare identi l ’icationi is inudicated in the notes. Riometer absorption
val ues for the post-1969 events were taken primaril y f ’rotn (he GSDB and also frotn (‘or m ier ’s
report on events observed at Thule (ref 24) .

Large , favorably located (45 ° F ~ ~~.- ~ 90°W) flares often produce a delayed increase
in riometer absorption associated wi th  a geomagnetic storm sudden commencement,  The
sudden commencement is caused by the blare-produced shock t’ront h i t t i ng  the earth ’s mag-
netic field. Low— energy protons , trapped in the magnet ic  field of’ the shock , accoun ut for the
enhanced absorption. Typical delay t imes between flare m a x i m u m  am i d geomagnetic storm
onset range from 24 to 48 hours fo r  an event at 45°W and t’rom 48 to 72 hours h’or a bla re at
45°F. There is considerable scatter about these t ime ranges d epen u ding upon both th c siie of
t he blare and the condition oh ’ the p ref lare in terp lanetary  medium.  Thus , i d en u t i t ’y i n g the  flare
responsible t’or a delayed absorption increase is i nh e ren t ly  more di l ’f icu lt than  k le n t i l ’v im ig  the
source of ’ a pro mpt p article event ,  Th is is an impor t an t  con u s i dera t io nu since the  delay ed rio t uuc —
te r absorpt ion peak associ ated w i t h  t h e  s tmu ld e m u con u mu en t ’em enut often exceeds t ine  ear lier
prompt—particle induced enhat u cen ui ent .  l’he t imes of ’ s tmul d en comn ue nu cemet u t  s wh ich  may
have it uf ’Iuenced or de te r m in u ed  t lie t i inc of b lue PCA tua x i n m u m  are given u i ni I lie notes to Iah le s
2 and 3. These t itu es are t aken  f rom r ef ere ii t .’e 22 for event (s oet_ ’L m rr i t lg  b eh ’ore I t )  70 and ( ‘roni
flue  s(;E) Pror t u pt  Reports or re l ’erence 25 I’or la t er  evem i t s .  U iu h y ’ss it is o therwi se  no t ed  u - i l  iS

obvious h ’ro mn I he delay t im ui es  tha t  it c a tu t uo t  be so . i t  is to he assumued I h a t  t hi t ’ sumdd cti coni—
t u i encet n emut  is associated w i t h  (b i t ’ bl are in b i te  ( abl y ’ ,

21 PSI) I ) ep a r t m cn i t  of A s t r i u u u i u t t i v  Seit ’ t i t i t i t ’ Repoit 02 t - i , A S u.i u u st it - ,ih Stuth of S.I8 ( l  \ l i s t i ’ ’ s ’ s  i i i ’ St ’l , ii
Radio E v e nfs , by f - I  We f et . 197 3

22. Svestka , l and Sutton , P , et h , ‘‘( .ii .ilo g of S uI.i t  h ’, i u t m s ’hc l - ’ s t ’ u i i s , I h u c ’ s _ l O i i t i , ’’ .- N s i i p l i ’ s s i s  s . inil Sp i t ’
Sc n e mu cc I bu t t ’ s , I )  Rend el  P u m b l u s h u n t i g  (‘ o m n i p t i u u ’ s  - I )i ’ttl it ’tli t - I i o l l a t i t h  . 10 ’ S

2 ‘t \ . n t t  h I h1 ’b 1’k1 ’ , NI - N I , t I , u S u n t u g ,  I 5, ; i t ud  \ I t - I ) n n u a l t l . I l l , hue  ~ ‘ ,i m i . i t I i I u i  I t  S I t u  I’i toti I i t o ’ s  Spt ’ t t i i

. i t i t l  Sui ~• l ) t ’ s t u n h - i t i t i i i t i  ‘ su n th u  h I e h u t I t i u u g i t u t t l t ’ , ’’ ~‘~i u l a u  l ’h i ’ s~~u~~ , 5 - 1 1 , 1 1  18° , l ’ i  ‘ S

N H ’  R I  I et h im i u c , ml  R e p i t u t  - 
~-t ( t t i ~) ) , I nih ’ I-( i~ i t i t ’t t ’i ( ) l ~~ t ’ t ’ s , i t i u i s ‘I I’o I.iu ( i l - i  -NI s i p t i u i  I ‘ s t ’ u i i s
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ANALYSIS . RESULTS, 1)IS(’USSION
As a first approac h to t h e  p r obkn iu .  peak r ion uuc l e r  ab sorpt on t A ‘s’s as pl ot  ted aga i t t ’ s t

2 ,8—( ; lit event t’nt ’rg~- ’ ( 1 -  I f o r  b I t t ’ 70 y’ ’ s y’t t ls h i s f y ’d it t  ( ab ly ’s 2 and 3. -N l - i uu ’s y’n ’h.u ~’s rt ’ l a t i o mis l t ip
bet ween t he var iables  w a s  obtained b~ t iny’ ‘sI a nil ard least —s qu ar es tee hu m u i q  ue. I h i c equal  m o n t  uh
the line in h ’ig imr t ’ I is

A (d B) = 0.0940 F~ Sl ’u m uu inu

R = 0,(~2 
(2~

According to this prescription , a 2. 8—U lit hu trs t  w i t h  F 6000 Sfin m m w i l l  hi’ associat ed
w i t h  a l)r inci P al r ion ui eter  absorption ) e v e n t .  I lowever . inspection oh a list of radio y’ v e t i h ’ s  cor n —
Piled in SUD or elsewhere reveals t uia m iv such ev ents  wh ich do not h uav y ’ prot omu assot,’i~iI ion .
The 500 Slim SI SS “be l l—rin i g er ’’ c r i te r ion  m ’ s designed to lower t lie PCt~ al er t  fol se—a lar uu r a t e
h~’ cal l in g a t t en t ion  to only  those flares whui t ’Iu can , on the  basis of s t a t i s t  ic ’s. he expect ed to
produce protons. Fi gure 2 is a plot oh ’ -‘u versus I - f ’or t h e  55 even u ts  in t a b le  2. ‘l’he best power-
law t’it to the data is givet u b~

A (d B) = 0.0799 F~ Sh ’u m u in ’t )“‘‘ i

( 3 )
R = 0 , 1-i l

Thu s equat iom u is not s ign i f i can t ly  dif ’l’erent I’n ’omui eqUa liomi (2) .  In ) order to ach ieve m u  accept-
ably ’ f a l se —a l a r m rat e it us uy ’y ’c’ssarv ho bz i k y ’ t h y ’  p r oi’t’ss a step fu r t h e r .  In l’ignre 2. 32 of I he’
~4 (94 percent ) p r inu t ’ipal absorpi io t u ev et ul  s are re l ated to h ares wh ic h had 2.8— 61 ii. t’nue rgv iii
excess of 3000 Sfu t mini .  If we restr ict  t h e  sanup k ’  to im u c lu de  onul y those even u ts  wi t  Ii p a ren u t
fla m e 2.8—Gilt  enu y’rgy ~ 3000 Sl ut nu n. we h ave figure 3. T h e  equa t ion  of t h e  solid l in e is
given by

A ( dB )  = 0 . 0 1 1 6  F i SI’u i t i in ) ) 0’~~~
55

4t
R 0 c ~~

)

t h i n s  l’o r n u u u m h a  pro ’s tdes greater  il kern n u i n a t  toi l be tween t h ose h ares w h t c h i  are y’apabi e oh ’ s a l t s —
mi i u1 a pr incipal  po l a r— y ap  eve t u t  to occur amid t h io sy ’ wh u i ch i  art ’ nu o t .  It  p red ic t s  t h a t  p ro to tu s
t’iected f r o m  flares w i t h  1’ - 

‘ I I  000 S hu n min i  at  2 . S ( i It w i l l  pr o dunc e ‘ 2,0 di l  of 3t ) -M I Ii
rmo nuu e te r  absorpt io n  , A’s a co n uu par t son .  t t t  m i p p e t i u h i x  A if ’ f h ~ ( ; sD B ,  ‘as t y ’ lh i  a dopt ’s  a hur st
e’nue ’rgv of ~~~~ J mu ~

2 Ih i ~~ , or 1 t~~~7 S f u  n i u i t u  a t  a e iv y ’t u  m u i i c f l u W . i ’ s t’ I’n’s’q u met u c y  mis  one u - i l
( 1k’ y’ rm t y ’r m a w h t y ’ In a f l are sh o n ihu l  mccl I i i  h5’ y u i m u s i u h y ’ns ’u h is  a po ssthi e source of ’ p i o t otu s  (.0 least

l r ( u ton l  ‘y’iir- .~~— l • sh H  1 f or 1- - I t )  \ ly ’V , i - i t  a b l e r  K u y ’k ef al  ( r e f  14 1  -‘u 0 , 1-i th l3 . lii
t ab le  4 , l i i i ’ 2. S— ( I l ”  y’ i t y ’ne\ Ih i r e ’shuold and  I h y ’ t tuod i l i e u h  L — s l t a p t ’sh spt ’t ’ t r a h  c n i t y ’r i o m u I t e l  3 )
i Fs ’ cn n i t p ar t ’d l’s ‘s t ’s on iio p r y ’’s h t t ’tors of p n m n i c m i - i a h  P(’\ y’v e nul s  f o r  t h e  I 9t-i8~~hu)69 titt u e f r a t n i ’ .
I I i i ’ s  t ab le  c o m u t a n t u s  .1 y’onupk ’te  l i s t  f u r  h h i y ’st ’ 2 \ s ir s  of ry ’Ia l m ’ s c l~ h u gh solar at ’t t ’ s  i t ~ u - i t  a l l
2 . s- ;h I ,  hum n s l s  ‘ s ’ s i t h i  I -  ‘ I I )  000 S h u n  t u i m m i .  a l l  r ad m uu y’ ’ s e t i t s  w h i c h  ‘s. m t i s f ied t h e  t i u o d m f ’t t ’tl V
I y ’rnoti . and al l  ‘ () . 5— ~I l ~ r mo m i i e ls ’u i h su u p l t o t i  y’vy ’ t i I ’ s  ‘s’s l u n c h  h au l dy ’t t u i t l s ’ p an’ t’t u t — f t i r t ’ a s s u i y i , u —

t i l ) u i s . * J:or t h e  p erio d i n n q u e s l i u i t i ,  i t  t , O i  he ‘sy’s’t t  I l i , i t  l i i i ’ 2 S— ( 11, y’tt e rg % h l t t t ’ ’ s I t u u h d  t ’ou t m l - i .m r t ’s
r e .m s u - imiahI ~ ‘s~e ll a ’s a ~ y’s — t i t - i  tni (l t s ’all l t

I hut ’ t u h s , ’ - . i h . i t  i i  t i h t i ’  i ’ ’ s t ’ u i t ’ . i i i  t h u t ~ t iNt ’ ‘ s l I t s’ . ik t ’ ui  i t i ’ u t t  I I b I ’ ,t ’ i ’ s , i t i l l t i ’, I i  this ’ S. iu ’ , u t n  ‘o H i l l  .u t u i h  \t .ii u ih, u
I ’~~’ ‘ s i t u i t ’ s p u b - i h i s t i ’.f i i i  t h i t ’ I , s h ) h t  Ii  is i - i~~m I ’ h ~’ t h i , i t  .i let ’s s i t  h i s’ u t ’ u u t ’s ~ 5 - 5- t i u m ~ ’~ b ~l i i i i i i ~’ ~,i~’s tnt  t h u t ’ , -

I ’ i , U ’ I ’ ‘ ‘ I  u I i ,~si~ i’ s ’ s , ‘I ’’,s ’ i ’ s i t ’ ’i i s ’’, i t u l t o t s  ‘s’,i ’ t t ’ u t t i ’ ,st ’d N~ nut i _ i b I s ’ ’. ,‘ n i l  - ‘s’s hul ’t i , ’’ s , -T j’ ’’.sih’It’ . this ’ ( l i t  s’s

h u r s t  ) ‘ . i t , O t i t ’t t ’ u ’ , ‘s’, t ’ i t ’ i u ’ t ’ r l  i i ’  ‘s- ,t Is ’ u. u l , , t t ’ t h i t ’ t ’ i i ~~ t~ ’’s r i t ‘s’s i ’, u t r t ’. i s u u i e t l  I n t ’s t I s  ‘ ‘ i i i  l i t ’ ‘,t ur ~’- t b i t t  i t ’ s ‘ i t h s
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Figure I .  Riometer absorption versus event energy (all events).
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Figure  3. Riometer absorption versus even t energy (table 2 eveti t s
with E ~ 3000 Sl’u m in i) ,

T h e  dashed li ni es  in h’igure 3 indica te  events  wh ich lie w i t h i n  factors of 2 at id 3 of f lue
heast—sq ut ares line. Since tIne  I 0—MeV proton h iux vari es as f lue  square oh ’ f lue  r io nueter  absorp-
ti on ( reh ’ 26) , these factors correspond to t’act ors of 4 m ind 9 i n b lue  low—energ y protot i  f l u x ,
Of t h e  32 pr inc ipa l  P(’A events  iii thue  f igure , 22 (( - i9 per c en ut )  would luave been predicted
wit k in  a (‘actor of 2 anud 28 (8 8  percent )  wou Id h ave been ca lle th wi t  hu m u  m m (‘act or of 3.

In conc lu ms mon . it  h a s  been sh own t h a t  the  ut se of equat  iOu (4) .  m u  y’on ljun y ’I ion ‘s’s’it Ii b lue
mu odih ’ied U— shaped spectral (( ‘a s t e l h i )  c r i t e r ion .  ca n he expected to provid e an m m y ’curate y’ s t i —
t u u a te  oh ’ t he  s h y ’ of m i nt i u n p e m u d i n g  p r inc ipa l abs o rp t io n u  s” s y ’t i t  w i t  Ii a m u u i m u i n u u u m m n  oh ’ f a l s e  alarnu s ,

A few comtu i emuts  on the  h i n i u i l m i t i o n s  of t h i s  s tudy  m mm c i tu  om ’th er ,  First  of mul l . t tO propmmgmil ioiu
correct ion humm s  been h u i h t  i n to h h i s  h ired j et  ion tool.  Inn f igur e’s 1 —3. I li t’ em m s tern u  l ue n uu ispht er e
evenuts  mi re simm t ter ed u n i l ’o r tu u l y  about  t lie respect iv y ’ I emmst —sq u t a r e s  h i n t ’s: however.  t lu cre is m m
marked y’m m s t — w e s t  ,us ~ r t t tu u y ’ t r  i tu flue d i s t r i b u n t  ionu of t I l t ’ 70 y’vet i t  s ou t  I hu e solar di sk  ( f i g  4 I.
Second , heh ’ore muu i ~ h ’ore cmm s linig n u ue tho d cmii i  he mmccept ed as val id , it n u u u m s t  pa ss m m mi o p e r m u t n o u u . u I
test ,  ‘I’h u e P olm mr (‘m m l i  “uh i sorp t  ion t’y y ’mul s  of ’ I lie t ‘ s ’ s e t i l  \ — f i r s t  so lm mr y’vc It ’ w i l l  provide t his ’ nt ’e’t’’s—
sm m r v  i n d e p e n d e n t  ~l , u I , i  sa n u up l e.

,‘i’ . ,Iumt h , I S  , RI ) . ~it mt h N l , i iit ’ , ( ~.N - ‘‘h ~u ’’ u t i t ’ t t ’i Ntt ’ . u s i i u s ’ u t t e t t t ’ , S r  l i i  l ’ i t ’ t t i u i  l u i t e t i ” u t i s ’s ,u t ~ h R, u i t u ; u u r r ur  l i st ’
R .it s’s .’’ h’ h m m u i e t , Sr , I t t ’ S’s i t ’ u r 5 e _ I , p I I ” , I



TABLE 4. PREDICTION MET h OD APPLIED TO 1 968-1969 EVENTS.

Modified
H~ Optical McM a t hi  Riotneter Absorpt t un V-Shaped
Peak Flare Solar Phage (d B) Spectra l

Date Tinue Class Lon gitude Region Predicted Obse rved Criterio n

09 Jun 68 0854 3B W09 9429 1.8 6,5 Yes

08 Jul 68 1715 3B E58 9503 3.0 1.1 Yes

26 Sep 68 003 1 2B E34 9687 Ø,7** 0.8 Yes

28 Sep 68 0753 2B E39 9692 2 , 1 1.2 No

29 Sep 68 1623 2B W5 l 9678 1.3 1.7 Yes

04 Oct 68 0020 2B W3 6 9692 1.8* 1.6 No

1518 SN W82 9735
29 Oct 68 1521 I N  W 19 9740 6.9 — No

31 Oct 68 001 -2 3B W37 9740 3.6 5.5 Yes

31 Oct 68 2303 2~ W49 9740 2. 1 -- UNC

01 Nov 68 0903 2N W47 9740 5.6 5.9 Yes

02 Dec 68 211 9 IN  E89 9802 0,9** 4.3 Yes

24 Jan 69 0728 3B W08 9879 1.0* 1.2 No

24 Feb 69 2315 2B W3 1 9946 1.9 — Yes

25 Feb 69 0913 2B W37 9946 2. 4 2 ,1 Yes

26 Feb 69 0427 2B W46 9946 2.3 0.9 Yes

27 Feb 69 14 13 2B W65 9946 1.6 1.1 Yes

12 Mar 69 1742 2B W80 9966 1.7 0, 7 No

2 1 Mar 69 0149 2 13 E l 7  9994 2.0 0.8 UN(’

2 1 Mar 69 1334 213 E09 9994 2,0 Yes

05 Jun 69 1010 213 F64 10 134 2 ,2 \ ‘es

07 Jun 6~
) 0955 I N  1-34 10134 () ,3** 1 , 4 N i - i

25 Sep 69 0753 3N WI  ~ 10 32(-i o, 7:* (1 ,7 No

I 8 Nov 69 I (-i~4 213 140 ( 1)432 19  Ye’,

24 Nov 69 (8119 213 I 10432 2 , 8 0, 7 ‘i t” .

Sp <- 5( X) S t u u  a t  t ,~~ l 4 I ~ M lI ,
10(X) Sfum ‘ t t u m u u  i t  t = 2 . s (d i,

I S
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APP E N I ) I X A: PARTICLE PROP .-~GAT lON CORRECTION
The proto n pr eeh ie’t iou progra m dt’velopeth h~- Smu m irt mind Shea for A F( ;W C e’ o n u t m u i t t ’s ml

e’orrec t iomu for the effect of t h e  i n f e r p l a u u e f m m r y  nu m tg nuet i c  field on part icle  propag mi t m onu ,  ‘ l ’h uu s
equation ) (4)  nuu u mst  be mod if ’ied it ’ it is to he used miS mmii i npu t  to t l u e’ir program: otherwise f l i t ’
predictions made will  ge tuerm il ly be too low.

A given proton flare will produce a nu’ f m t xiu uu unu pmmrfic l e  h lux ( measured at ear t h ) whenu
it is located at blue solar t’ootpoi nt oh’ t he Arc hu inue d es spiral whuic h u intersects t h e  ear t h . atud
less when loca ted elsewhe re. Accordin g to Smart and Shea ’s prescriptiot ) . the re duct tutu ut u
tiux wit h )  distance of ’ the flare h’rotul th is h’ootpoinut goes as e30 . where 11 is f lue  angle in radians
between t h e  heliographic longitude of ’ t h e  flare region and flue longitude of ’ the footpoint .
both taken at (hue t ime of peak rionn eter absorption. The solar lonugitud e of ’ th e f ’ootp oint of
th e Archimedes spira l field line which connects to the earth ) is givet u by

- 404. 1
Solar longitude of t oot point = (rm ~~ m mmn’ 15) ( A l )

wh ere V~ is the solar wind speed iii km ’ s~
1 
. The Natiot ial  Space Science Dmutmu Center has

compiled a com prehensive l ist oh ’ f lue  solar wind measurements available l’or flue period h’rom
1964 to 1973. For even) t s occurring before 1964 (or since during data gaps), a flotl ) it iUl V 5 of
404 .1 km .~~‘i may be used , placing the h’ootpoint at I radimm n or 57 °W . Stuart antI Shea ’s
prograun takes into account other . high er order corrections, such as the effect of flare lmm titud e .
but the longitude effect is clearly donninant .

The procedure f ’or incorporating the propagation cot’rection into the basic result of
this paper (or any other forecast scheme) so th a t  it can he utilized in AFC~WC’s proton predic-
(ion program is as follows:

A. For each event in the data base :

Convert rio mui eter absorption (A)  iu) to >5 .2—MeV proton flux ( J ’) using

J (pr oton s c ti)~~~ ~-I ‘sr ~~ ) = 
A ( dB~~~~ (A 2 )

mil l er Stroscio am i d Sellers (ref 27 ). (The ‘>5 .2—MeV peak proton h iux ts used
in fhese correlat ionus beca umse of its  re lm it ive  independence ot ’ the slope of f lue
proton enuergy sp ectruuu ’m (ret ’ 27 . )

2. Deter m ine 0 at t hue t i uuu e of ’ p em ik r ion uueter  ahsorpf ion , taking solar i’otm mtmoui
in to  account .

3. Mum h tip ly t h e >5 .2—M eV I’Iunx uneasumrt’d mit f l u e  e m u r t h i  b~’ e’~~ to o h h m m i n i  t h e
h iux at  I m m c m mit ot t  t h e  ,- \r y ’lu imnedes  ‘ s pt rm t l  wh ich cotu n ect  s to t hue l lmmre nt ’g monu .

B, h ) e t e rn iu i nue  f lue  r el m m t iom u s hu ip  bt ’f ‘s’seen I lie 2 .S— ( ; I hi event energy ~I I (or m m u iv ot l i eu
p m i rm m nu u eter )  mind t h e  pm t r t ic l e  h iu m x fi’ omn ( A )  by I h ue le’mu s l —sq u ,mr es m e t h o d  -

T h e  result  of ’ ( 13 ) for  the  47 t’Vy ’ t t t ’ s t’onus iehered in ( h u m s  h i m f P e ’r i s g iv en in n f i g u i n s ’ ‘u I : m utd
e q u m m i t i o n  (A 3) ,

27 , AR ’R 1_ Te c h iu iu5 - .uI Rs’p u ’t t ‘S _ t ) 4 u - i ’u , I h i s ’ t i lt  i i L u i i , r u i  I t  R u t ’ u iu s ’t eu -“s t ’ ’~ ’r p i u i ’ u i  , nui h  i t t  \ p p u u l \ u i n . u t s ’ t
net ’ u t u u n u  Bs’t we ’s’ nu R u u u u t e t e t  .‘~ l-i s t i t p t u i t i  ,u uu ~b Si’ l.it i’u t t ’ u i  1 u ’sc ’s  D i i i  i i i ’  \ i j ’ h i i  t u i u u t ’ Pt - \ I ‘su ’ u i t s , ‘‘s ‘s.f \
St i ‘ s t i l l  ,i t u ’ sh It !‘~, y hht ’i s , I

-

~ 

- ---~~~- “-  --- - -~~~~~~-~~- - - --- - - -—-~~~~ - - ‘ - -



J 0.00 1 291: 1 44 ’()

( A3 )
K 0,54

l’lue iu np r o veu )u c uut  m u  t h e  corre hm ut  lot i  w h i  it ’ll o n e  would  hope to see . as mmh ’h ’i r uuu a f io n u  of f lue  va l id ’
t t ~ of I lie pr op m u gm t t  ion correct iou . is riot m m p pm m reu u t  . I t  shu o u m l d lie tuoted t limit  Newell  ( rd I I
f ’o umm id a s i un i l m m r hmmc k of ’ i n t u p r o v e m i i e m i t  wh en lie mu 1ip hi ed ( h u t ’ propag mit iomi  correction of Kuc ’k et mu l
(ref 14) to h i s  h i s I  of y’vy ’ mi t s , Sui i mi r t  mind Sh iy ’m m k i t u i h l  provide d a test ru tu  of t h eir pro gu’m iu u ) h ’or
f lue 47 t’Veuut s  usimug et h ui m i t  t on i ( A3 I as t Ine  i m u i t  imm i i r u p u m l  , l’hie pred ict io t is  mind oh servm uf ion s  mur y ’
con)upmmred m u  f i gu mre -‘u 2. l’w e t u t v — n i u u e  events . or 62 p ercen ut . lie wi t  hum nu mm t ’ac for  of 2 of t lie
opt it nc m i uu h i u ue ,  I ’huose eve tu Is f~m h h in g  out  I sit le t lie mmcc e ptm f t i le rm m muge lent i l  to he overpred iche i l . It
is pt’r hi m ups s i gmi i f i cm mnt  t l imit  o t i hv  0th ’ ( i f  t I n y ’ 1 7 even t s  ‘ s v i t h m eastern hemisphere pm ir e ,u I l ’l m m r y ’s. it’.
t luos e y’\ t ’ n ts  to wl u i c h u  t lie largest correct m on t f a c t o r s  are mupp h ie t h . is overpry ’d me ted h~ t h ik mute t  h o d  - 

_ _ _ _ _ _
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