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Preliminary Report on Cosmic Ray Intensity 
during Magnetic Storms in July 1959 (*).

J .  (1. E o e d e r e r , O . E .  S a x t o c t ii, J .  C. A n d e r s o x ,
J .  31. Cardoso an d  «T. E . M.v.vz \ \ o

C o m i s i ó n  X a r i o  na l  de E n e r g í a  A t ó m i c a  - Huciios A i r e s

(rieevu to  il 18 Maggio 1960)

Summary. T he cosm ic ra y  in ten s ity  v a ria tio n  d u ring  th ree  m agnetic 
s to rm s of .July 1959 is analyzed . D ata  from  n eu trón  inon ito rs at Mina 
Aguilar (4 000 m o.s.l. a t 12° S geom agnetic  la titu d e ) , B uenos A ires 
(0 m  o.s.l., 23° S) and E llsw ortli (0 m o.s.l., 67° S) w ere used. A m etliod  
is described  wliicli gives d e ta iled  in fo rin a tio n  on tlie  v a ria tio n  of tlie 
p rim ary  cosm ic ray  spec trum  d u ring  m agnetic  sto rm s. T liis m etliod  is 
app lied  to  i lie p re sen t case, g iv ing  tlie  folloAving re su lts : th e  sliape of the 
p rim a ry  v a ria tio n  spectrum  responsible for tlie  th re e  .Tiüy s to rm s ivas ap- 
p ro x im a te ly  tlie  sam e as th a t of th e  M ay 1959 sto rn i. D u ring  tlie  recovery  
of th e  seeond sto rm , an  in jec tion  of considerable in te n s ity  of low energy  
partió les ivas found. rrh e  tim e  dependence of tliis  e x tra  flux is de term ined . 
D uring  t lie slow recovery  a f te r  th e  la s t sto rm , th e  p rim a ry  v a ria tio n  
spec trum  changes its  sliape  in a sim ilar Avay as in  th e  M ay sto rm  recovery . 
T he co rre la tion  of these  effects w itli geom agnetic a c tiv ity  is sliovn .

1. -  Introduction.

T he analysis of tvro or m ore superposed cosmic ray  storm s is of considerable 
in te re s t. The question  arises of w hetlier or n o t th e re  is a  linear superposition 
of effects, th a t  is, to  w liat e x te n t do m echanism s, causing' superposed cosmic ray  
storm s, in te rio re  m u tu a lly . The a n sv e r  to  tliis question  w ould g ire  valuab le  
in fo rm ation  on th e  liydrom agnetic  p roperties  of th e  cosmic ray  m odulating  
so lar p lasm a beam s (x).

T here  are  m auy  a lte rn a tiv e  w ays to  explain th e  superposition  of cosmic 
ray  storm s, depending- on th e  m odel c.hosen for th e  exp lanation  of th e  single

(*) I’aper p re sen ted  to  th e  A n ta rc tic  Sym posiuin , B uenos A íres, X ovem ber 1959.
(’ ) AV. R. P k k í o t t  an d  \V. A lk e n  : V I I I  Rapport de la ('ommission pour Velude 

den relations enire les phénomenes solaires el terrestres (1957), p . 77.
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s to n n  m odulation  m echanism  (2 6). If ivc take , for instance, D orm an 's  tlieory  (5), 
we m ay explain q ua lita tivo ly  th e  ooenrrence of tw o suocessive m agnotio stornis 
w ith ovorlapping cosmic ray  cITeets, as th e  action  of tw o solar plasm a beains 
b (* ¡n e m it te d  froni tw o ])oints of activo regions wliicli are ejecting  partióles 
in to  a common región of solid angle. Those beains iiupiiifje on tlie  earth , causing 
m agnetic disturbane.es and cosmic ray  m odulation . In th e  región of plasma 
superposition , th e re  m ay be a linear add ition  of cosmic. ray  effects or not 
according to  th e  degree of m utual in terao tion  betw een frozen m agnetic fields 
and  cu rren ts  of b o th  stream s. A linear add ition  would be a tta in ed  in th e  lim it 
of nono in te rao tio n : deep changos in th e  m odulating  offoot would occur in 
the  case of strong  in terao tion  (if for instance one beam  « swoops a w a y » the 
o ther, or if « n stab ility  is achieved, causing tu rbu lence  in th e  fringe región). 
In th e  first caso, alm ost no chango in th e  nhnpe of th e  prim ary  spectrum  should 
be expeoted ; m erely the  « am ])litude » of th e  v a ria tio n  spectrum  should chango. 
In th e  xeeond caso, how ever, considerable ohanges in th e  p rim ary  spectrum  
m igh t be producod.

I t is in te restin g  to  no te  th a t  th e  in terao tion  of superposed plasma, beam s is 
expeoted to  be stronger, th e  m ore th e  tran s la tio n a l velooities of th e  tw o stream s 
differ (i.e., th e  groator is th e ir  relativo  volocity  (*)). If wo tako th e  lag betw een 
the  liare and  th e  sudden eonm iencem ent of th e  m agnetic  s to n n  as a mensuro 
of tlio m ean  velocity  of p a r tid o s  in th e  stroam , we oonolude th a t  our .Tuly stream s 
are  of suecessively increasing velocity : 1.1 • 10* cm /s; 1.5• 108 and  2 .2 -108 cm/s.

If on th e  o th e r hand , we consider theories in  whic.h tu rb u len t fields in ter- 
vone linear superposition  of efEects in tw o or m ore overlapping cosmic 
ray sto rm s m ay preferab ly  ooour. F inally , theories in whicli the  cosmic ray  
m odulation  is no t m erely loealized inside th e  p e rtu rb in g  región, b u t oxtonds 
out in to  th e  hydrom agnetically  « q u ie t» sj)ace (2), m ay again givo only linear 
add ition  of effeots.

2. -  The primary variation spectrum during cosmic ray storms.

D ifferent form s lurve been  suggested for th e  p rim ary  v a ria tio n  spectrum  of 
a cosmic ray  s to n n  (5). W e will use D orm an 's  n o ta tion , w riting  for the
relativo  (% ) varia tio n  spectrum . !)(/?) is th e  referonoe difforential p rim ary

(-) K. A. liiM NBEHi; ancl A. Dattxer: Tellun, 6, i’.Vl (1954).
(:i) Y. Sekido and M. Wada: I ’ep. lonn. Res. Ja  pan, 9. 174 (1955).
(') 1’. Morrison : I'hys. fíer., 101, 1397 (195H).
(*) L. T. Dormán: tzv. .17/. Xauk &8NR, Ser. Fiz., 20, 24 (1956) and ('oxmic fíay 

VariiiHonx (Englisli Transla tion).
(“) K. X. Parker: Phyn. I’er., 110, 144.) (1958).
(') T he sh o rte r  w ould be th e  tim e  av a ilah le  for th e  m agnetic  lines of forcé of one 

beam  to diffuse in to  th e  o ther.
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spec trum  tak en  from  a  q u ie t p resto rn i period. W e sha 11 assum e for 8/>/J9 
th e  form

Tn th e  m ost g enera l case, th e  th re e  p a ram ete rs  M , y  and  e0 are tim e de- 
pe iu len t. (eA is th e  geom agnetie cut-off w hich we suppose to  be eonstan t). 
Now, as th e  exp o n en t y  is n ia in ly  ftxed by  th e  m odulation  m echanism  as a  
wliole, we expect i t  to  be fa irly  eo n stan t, unless th e  ty p e  of th e  niee.hanisin 
is changed. T he sam e applies to  th e  u p p er cut-off e0, a lthough  a ce rta in  tim e  
dependence m igh t be expected  even during  th e  ac tion  of one and  th e  sam e 
m odulation  m echanisin . P o r sonie theories, e0 =  oo.

W e shall m ake th e  assum ption  th a t ,  fo r a  given ty p e  of m odulation m ech­
anism , y  and e0 are  eo n stan t in  tim e ; th e  m ain  co n tribu tion  of cosmic ray  
in ten s ity  tim e  dependence is given by  8h(t) (depending on th e  e a r tli’s position 
in th e  beam , magnetie. and  electric  fteld in tensities, s tream  density , etc.). W e 
shall cali 8k th e  « a m p litu d e » of th e  v a ria tio n  spectrum . W ith  th e  form  of 
v a ria tio n  spec trum  (1), th e  superposition  of tw o effeets obeying to  th e  sam e 
m odulation  m eclianism , w ould be  g iven b y  th e  linear superposition  of th e  
am plitudes. If, in stead , tw o distinet m odu lation  m eclianism s a re  superposed, 
we would have

Finally, a sudden  change of th e  m echanism  a t  th e  tim e  t„ w ould be  expressed 
by  a sp ec tru m  like (2), w ith  th e  condition

L e t us now tak e  th e  re la tiv e  in ten s ity  v a ria tio n  recorded by  a m onito r a t  
a given la titu d e  (cut-off sx)

( 1)

S/> _J S/c(í) • í ; r for £ * < £ < £ „
T) j 0 for £ > £ „ .

w ith  tw o cut-offs £01 and  £02 for th e  ftrst and  th e  second term s, respectively .

Slc^t) =  eo n stan t for t >  t0,
(3)

§ k2(t) =  0 for t < t 0.

W , is th e  coupling fu nc tion  for th e  given m onito r a t  th e  given place. W ith



4 P R E L I M I N A R Y  R E P 0 R T  ON CO SM IC  R A Y  I N T E N S I T Y  E T C . [ 1 2 3 ]

a  v a ria tio n  spec trum  of tlie  form  (1), wc have

(i) 8 / =  Sfc(í) F,-nVex<N)-áE =  F-8k(t);

r  is a coefficient whicli dependa on th e  m onitor, its  location and  th e  tw o  para- 
m eters  y  and  e0.

I f  wc now  consider tw o m onitors « a » and  « b », located  a t  d ifferent la ti­
tudes, wc can define a tw o dim ensional vec to r 82 of com ponents S Ia =  T a■ Sfc(í) 
an d  M b =  / V  8fc(t). E q . (4) shows th a t  th e  d irection  of tliis vecto r is constant 
in  time for a v a ria tio n  spectrum  of ty p e  (1). íJo tice  th a t  th e  v ec to r 81, a t  a 
g iven  in s ta n t t, is th e  sum  of successive vectors A i =  8í ( í+ A í ) — 81(t) which 
rep re sen t th e  v a ria tio n  during  a recording in te rv a l Ai (for instance, liourly 
or bihourly). The d irection  of these  difference vecto rs should be co n stan t, too. 
F ro m  th e  s ta tis tic a l p o in t of view, all tliis m eans th a t  8I„ and  8I¡, should be 
co rre la ted  linearly  (*), th e  coefficient of regression being

(5) &-ab —
1 \

A ny deviation  from  th is  linear 
in th e  m odulation  m echanism .

W e have calculated  oiab for th e  
p a irs  of n eu trón  m onitors E llsw ortli- 
M ina A guilar and  Buenos Aires-M ina 
A guilar. W e used  th e  coupling func- 
tions g iv e n b y  I)orma>~, (7) norm alized 
<;o our geom agnetic cut-offs. These 
toupling  functions are show n in Fig. 1. 
T he resu lting  a  valúes are  given in  
F ig . 2 as a fu nc tion  of th e  up p er

F ig . 1. -  C oupling functions fo r n eu tró n  
m on ito rs a t  M ina A guilar, Buenos A ires 
a n d  E llsw ortli, ca lcu la ted  using  curves 

g iven in  (8).

\E ~ V-Wa- AE  
eK

[E~v - \Yb-dE  

co rrela tion  should be due to  a change

(*) T h is is of course also tru e  for tw o m o n ito rs  of d ifferen t coupling function  oper- 
a tin g  a t  th e  sam e place.

(7) L. I . D o r m á n : Cosmic R ay  Variation  (E nglish  T ransla tion ), p . 117.
(s) J .  ,T. Q u e n b y  an d  \V. R . W e b b e r : P hil .  May.,  4, 90 (1959).
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cut-off, and  for some plausible y  valúes. U sing a t  least tw o pairs of s ta tions of 
signifieantly  d ifferen t coupling functions, one m ay be a b le to  determ ine  y  and  e0.

¡->o fa r  we llave discussed th e  case of a single spectrum  (1). Suppose now 
th a t  a different, add itional m odulation  m eclianism  s ta r ts  its  ac tion  a t  t =  t0.

This ineans th a t  a f te r  th a t  in s ta n t, an  
ad d itiona l te rm  8k2(t) -E~r‘ appears in th e  
v a ria tio n  spectrum . T lierefore, a f te r  t„, 
our tw o dim ensional vec to r §J becom es 
th e  sum  of tw o in d ependen t vectora

(«) 8 /  

of com ponents

S h
(6 ')

87,

--= SÍ! +  SI-,

Fig. 2. -  K atio  x ab= r air„  (eq. (5)) for ^ 'h e r e  
th e  p a irs  of s ta tio n s  E llsw ortli-M ina 
A guilar an d  Buenos Aires-.Mina A guilar, 
as a  fune tion  of th e  n p p er cut-off f0. 

and  for d ifferen t y  valúes.

E ^ - W ^ - d E  .

The im p o rta n t fac t is th a t  th e  direction 
in  time. The linear co rrelation  betw een  SI.

of b o th  
and  8 Ib

vectora is eonstant

would be d istu rbed  a fte r  t„, and  th e  difference vec-
tors A /  would no longer be p a ra lle l a f te r  th a t  tim e 
F ig . 3.

If we know  a priori th e  direction of b o th  vectors 
and  8 /2, we can easily determ ine  th e  tim e  dependence of 
bo th  vecto rs independen tly  given by Sfc^í) and  Sfc2(í).
If, however, we only know  th e  direction oí one oí them , 
say S /j, we are still able to  de te rm ine  th e  tim e depend­
ence of th e  o th e r (bu t n o t th a t of th e  first): if x l =  r aj r t is th e  slope of 8Ilf  

we liave, according to  ((i) and  (6'),

(■; sr„  — x 1 s i b =  u ¿ t )  [ r  — a . j \  i .

su
Fig. 4.

As th e  iirs t n iem ber is ob tained  from  experim en ta l d a ta , 
we can determ ine  th e  am plitude  §k2(t) up to  a e o n s tan t 
fac to r Fa -  a L / . Again, if we llave records from  a t least 
th ree  s ta tions, and  tlierefore  y 2, e02, as well as
Sk2(t) m ay be determ ined . In p articu lar, if ^  <  f02<  ^  r
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we have I \  =  0 and  th e  difference 8 Ia— x 1M b gives ju s t  S70 , th e  co n tribu tion
of process 2 to  th e  in te n s ity  a t  s ta tion  « a ».

Finally, if ra th e r  th a n  a superposition, th e re  is a sudden change in  th e  
m odulation  m echanism  a t  t — tB, we deduce from  (3) (3'), (6) and (6') th a t  th e  
differeme reetors A J merely chango their direotion rem ain ing  again  para lle l to  
each  o th e r a f te r  t =  t0 F ig . i .

3. -  Experimental results.

The scope of th is  p relim inary  report is to  give a qua lita tiv e  analysis of th e  
m ain  behav iour of cosmic ray  in ten s ity  during  Ju ly  1959, recorded hy th ree  
n eu tró n  m onitors, located  a t  M ina A guilar, B uenos A ires and  E llsw orth , A n t­
á rc tica  (*). U nfo rtunate ly , d a ta  from  our U sliuaia m onito r (0 m  o.s.L, a t

Fig. 5. -  P ercen tag e  nucleón  in ten s ity  va ria tio n s reco rded  a t  Mina A guilar (4 000 m , 
12° S geom . la t.)  and  E llsw orth  (sea level, 67° S). Mesón cubica l eleseope d a ta  o í 
th e  la t te r  s ta tio n  (corrected  for p ressure only) are  sliovvn for com parison  in  th e  in te rv a l 
.July 14-I7 th . K p valúes, an d  th e  h o rizon ta l com pouen t of th e  m agnetic  fleld recorded 

a t  P ila r  (A rgentina), a re  rep resen tad  a t  th e  bo ttom .

(■) T he E llsw orth  m o n ito rs  are  op e ra ted  in co llabo ra tion  w ith  tlie  In s titu to  A n ta r­
tico  A rgentino  an d  th e  U n ivera ity  of California.
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43° S geom agnetic la titu d e ) liad  to  be re jec ted  due to  unreliab le  perform ance 
d u ring  t l ia t  inon th .

Fig. 5 shows th e  hourly  an d  bihourly  percen tage in te n s ity  a t M ina A guilar 
an d  E llsw ortli, respeetively , re fe rred  to  an  average level during  th e  qu ie test 
days preceding  th e  ftrst sto rm  (Ju ly  6-9). B uenos A ires percen tage  in ten s ity  
is n o t rep resen ted ; i t  is rem ark ab ly  co incident w ith in  1 % w ith  th e  M ina A guilar 
curve during  th e  wliole period . K p Índices an d  th e  ho rizon ta l com ponent of 
geom agnetic ñeld  recorded  a t  P ila r  O bservato ry  (*) are  shown a t  th e  bo ttom . 
M.a ny in te re s tin g  fea tu res  are revealed  a t  ñ rs t  sight, one of th e  m ost rem arkable  
being th e  s trong  increase recorded a t  E llsw ortli some hours before  th e  th ird  
sto rm  se t on (Ju ly  17-th). F o r  th e  sam e tim e  in terva!, s trong  increases of low

energy partió le  in te n s ity  a t  high a ltitu d e  have 
been rep o rted  (9). I t  is w orth  to  t ry  to  ge t as 
m ueli in fo rm atio n  as possible on th e  changes in 
shape and in te n s ity  of th e  p rim ary  cosmic ray  
spectrum .

W e applied  th e  m ethod  described in th e  
preceding ch ap te r  to  th e  pairs of s ta tions Mina 
A guilar-E llsw orth and  M ina A guilar-Buenos Aires. 
Tn Fig. 6, 8 / MA is p lo tte d  va. 8I EIXS for th e  
period  J u ly  10 to  16 (04-00 U T ); b ihou rly  A f  
vecto rs are  ind ica ted . The to ta l  8 /  v ec to r is 
o b ta ined  jo in ing  each angu lar p o in t w ith  th e  
origin. T he m ean  slope during  th is  period is

*K,1,-M, =■- 1-80 +  0.1-0 .

S ca tte rin g  of po in ts  is m ain ly  due to  daily 
v aria tio n , in  add ition  to  s ta tis tic a l ñuctu a tio n s. 
U nfo rtu n a te ly , we have  no reliab le U shuaia 
d a ta  in  order to  e s tím a te  th e  exponen t y  and 
th e  upper cut-of£ e0 of th e  p rim ary  varia tion  
B uenos A ires and  M ina A guilar m onitors have 

coupling functions (Fig. 1) too  cióse to  each o th e r; indeed, tlie  experim enta l x  
valué for th is  pa ir of s ta tio n s  comes ou t

V ma =  «.95 ±  0.10  

for th e  whole Ju ly  period. ÍTevertheless, we can a t  least derive certa  in lim its

(•) 3 1 ° 4 0 'S  - 63 53' W  g e o g r a p h i e  c o o r d i n a t e s .  
(9) i r .  (¡ iH K L M E T T i:  p r í v a t e  c o m m u u i c a t i o n  o n  I o w a  C o n f e r e n c e .

O ■ O

SlaI

Fig. (i. -  <?/ vecto rs (eqs. (4)-(6 ')) 
of tlie  p a ir  of s ta tio n s  Ells- 
w orlli and  .Mina A guilar, for 
the  tirs t and  second sto rm  
(l()th -17 th  Ju ly ) . T he broken  
line is a  best iit w ith  a= 1 .8 ().

spec trum  during  these  days.
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for y  and  e0 from  oui' ex p erim en ta l x  valúes (Fifí- 2). W e obtain

0 <  y  <  0.60 , 

w itli th e  co rresponding  lim its for e0:

for y  --- 0 , £0 =  23 Ge Y ; for y  =  0 .6 , e0 =  oo .

The valué «KLLS.MA =  1.8 is sligh tly  liigher th an  th a t  found for tlie  sam e 
p a ir  of s ta tio n s  d u ring  tlie  M ay 1959 sto rm  (1.65 i  -10). F o r th e  ñ rs t stage- 
of th a t  sto rm  (10) we find using d a ta  from  
"Mina A guilar, Buenos Aires, U shuaia , E lls­
w o rth , and M t. W elling ton :

y — 0.-18 +  0.06 , f0 ~  co .

Talan»' in to  accoun t lim its of error, we m ay 
te n ta tiv e ly  s ta te  th a t  during  th e  first stage 
of th e  Ju ly  storm s (1 lth -lO th ), th e  p rim ary  
v a ria tio n  spectrum  has a y  valué eom prised 
betw een  0.4 and  0.6.

Fig. 7 g iv e s th e b e h a v io u r of th e  A ív e c to rs  
d uring  t lie recovery a fte r  the  second storm , 
till th e  big «lecrease of th e  tliird  storm . A clean 
d ep a rtu re  from  th e  « n o rm a l» beliaviour (“ )
(indicatcd  by th e  x  =  1.80 line) suggests th e  
super])OKÍt:ion of a d ifieren! tv p e  of p rim ary  
v aria tio n  spectrum , whicli rep resen ts an  in- 
jec tion  of low energy partic les (’). U nfortu- 
nately , again due to  our lack of in form ation  
from  in te rn ied ia te  la titu d es  (U shuaia), we are
no t able to  te ll ab o u t th e  sliape of th e  add itional p artió les’ spectrum . H owever, 
we can de te rm ine  its  tim e  dependence according to  (7). Tn Fig. 8 we llave repre- 
sen ted  th e  «reduced» M ina A guilar percen tage  in ten s ity  x 1 §I MA (xt =1.80), togetlie r 
w itli th e  E llsw ortli in ten s ity . The difference SJEIiH— x lM yíA =  SA'2(í)(/'ELLK— 
is p lo tted  below. íf  / \ IA =  0 (i.e., th e  ad d itio n a l flux has a cut-off e0.,<  13 GeV,

Fig. 7. -  81 vectora for th e  17th 
of Ju ly , sh o w in g th e  ad d itio n a l flux 
of low energy partic les (see for 
in s tance  eqs. ((i) an d  (6') and  
Fig. 3). T he t .80 lines is drawn. 

for reference.

(1(l) ,T. E . .Ma n z a n o , J .  (í. R o e d e r e r  a n d  O. R . S a n t o c i i i : Nuovo ('¡mentó, 18, 
136 (19(50).

t11) II. ( 'a rm ic i ia e i , and  ,T. F. S te l . t e s :  J’Iii/ k. Rer. Le1t., 3, 392 (1959).
C) One m ay  tliin k , as an a lte rn a t iv e , of an ex trem ely  fa s t recupera tion  of th e  

low energy flux. H ow ever, an v  c o n v e n tio n a l m echanism  eould h a rd ly  explain  a col- 
lapse of th e  m o d u la tin g  process for low  energies, w hile if is still ac tin g  on higli energy 
p a rtic les .
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or y23> l(* )), th is  difference gives d irectly  S I2ELLa, th e  con tribu tion  of the 
ad d itio n a l flux, in  % of E llsw orth  reference in ten s ity . In  th is  case, <*i8lMV =

- 1 0 -

Fig. 8. -  T op : E llsw orth  peroentage in ten s ity  an d  th e  « reduced  » Mina A guilar in ten sity  
(eq. (7)). C en ter: a d d itio n a l flux (in %  a t  E llsw orth ), w ith  s ta tis tic a l errors. B o tto m :

h o rizo n ta l com ponen t a t  P ila r.

=  8 /1EIXS, th e  con trib u tio n  a t  E llsw orth  of th e  Forbush  deerease m odulation 
m eclm nism . N ote  th e  tim e difference betw een  th e  m áxim um  of th e  add itional 
flux and  th e  onset of th e  th ird  storm . F o r th e  sake of com parison,w e again 
p lo tted  tlie  ho rizon ta l field in ten sity .

(*) T he steep  inerease found  a t  h igh  a ltitu d e s  su p p o rts  th is  hypo thesis. F u rther- 
m ore, a brief p re lim inary  inspection  of cubic telescope d a ta  from  E llsw orth , whicli 
do no t revea l an y  ad d itio n a l inerease (see Eig. 3), suggests th a t  f0 h ad  to  be less 
tlian  (8-^-lD) GeV (the  c u t ofí of m esón coupling funetion).
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Tn F ig . 9, th e  A I  vecto rs from  24 h o u r m oving average in ten sity  valúes a re  
shown for th e  recovery period a f te r  th e  th ird  storm . W e took 24 h o u r m oving 
average in order to  e lim ínate  th e  considerab le 
daily  v a ria tio n  in  th is  period. T ak in g  in to  
accoun t th e  discussion of S ect. 2, we realize  
th a t  during  th e  recovery period, th e  shape of 
the  p rim ary  v a ria tio n  spectrum  w as changing 
w ith respect to  th a t  of th e  previous decrea,sing 
period. The general behaviour of th e  curve in 
F ig . 9 m ay be in te rp re te d  as a m uch  slower 
recovery  of low energy p a r t id  es th a n  th a t  
of th e  h igher energy región. In  o th e r words, 
th e  p rim ary  v a ria tio n  spectrum  decreased  
its  y  (or increased its  upper lim it e0l or both) 
during  th e  recovery  period. I t  is in te r- 
esting  to  no te  th a t  th is  general b eh av io u r is 
m uflí th e  sam e as th a t  of th e  M ay sto rm  
recovery  (10). F inally , as to  th e  «fine struc- 
t u r e » of th e  curve in F ig . 9, no tice  th e  
p ecu lia rity  of th e  days 24, 25 and  26, during  
wliicli th e  in ten s ity  a t  E llsw orth  stood still 
Avhile  M ina A guilar (and B uenos A ires) were 
steadily  reeovering. A round these  days, th e  
horizontal m agnetic field in ten sity  decreased, 
whíle th e  K  índex and th e  am p litu d e  of daily 
varia tion  increased. The daily v a r ia tio n  is
shown in Fig. 10, as it was e s tim a ted  from  th e  d iiíerence of 12 and  24 hours- 
m oving averages (I2).

Fig . 9. -  8 /  vecto rs of E llsw orth  and' 
"Mina A guilar, using 24 h m oving 
averages. T he g radua l d ep a rtu re  
from  th e  a = 1 .8 0  line a f te r  th e  
19th  of J u ly  shows a  g radual ehange 
in. th e  shape  of th e  p rim ary  v a ria ­
tio n  spec trum , ind ioating  th a t  low 
energy partió les reoover slow er th a n  

h igh  energy  ones.

Daily variation

Fig. 10. -  D aily  v a ria tio n  a t  Mina A g u ila r a n d  E llsw orth , ca lcu la ted  from  24 h an d
12 h m o v in g  averages (,2).

(I2) ,1. F . ^ T E l .j e s  : Xunro (Jimenio, 4 , 857 (1959).
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15 m inu tes in te rv a l cinta have n o t y e t been analyzed ; a m ore careful quan- 
t i ta tiv e  analysis nsing mesón telescope d a ta  (cubica 1 a t  E llsw orth  and B uenos 
Aires, naiT ov d irec tional a t Buenos Aires) is in progress.

4. -  Conclusions.

F ro m  th e  preceding resu lts  we deduce th a t  th e re  was no appreciab le  change 
in  th e  p rim ary  v a ria tio n  spec trum  for th e  th ree  suecessive F o rbush  decreases. 
This m ay be in te rp re ted  as an  in d ica tion  of a linear superposition  of cosmic 
ray  m odu la tion  effects during  th e  Ju ly  1959 d istu rbances. On Ju ly  17th, 
an  in jec tio n  of low energy partic les, p robab ly  w ith  a steep  energy spectrum  
occured. A t th e  final stage, low energy partic les reeovered slower th a n  higli 
energy partió les.

* * *

'We th a n k  II. G h i e l m e t t i  (The Enrico F erm i In s titu to  for N uclear Studies) 
for m any helpful suggestions and  valuab le  inform ation.

Tí 1 A S S  l ' X T O  (•)

s i analizza la variazione d e ll 'in ten s ita  dei raggi cosm ici d u ran te  le tro  tem peste  
m agnetiehe  del l.uglio  1959. Si solio u tilizza ti i d a ti dei riv e la to ri di neu tron i di Mina 
A guilar (4 000 m s.l.m ., (¡7o K di la titu d in e  geom agnetiea), B uenos A ires (0 m s.l.m ., 
i>:!° S) ed F.llsworth (0 m  s.l.m .. (57° S). Si descrive un  m étodo  che fornisce d e ttag lia te  
in form azioni sulla variazione dello sp e ttro  dei raggi cosm ici p rim ari d u ra n te  le te m ­
peste  m agnetiche . Q uesto m étodo  viene app lica to  a l caso p resen te , o ttenendo  i seguenti 
r isu lta li :  la form a dello sp e ttro  di variazione dei p rim ari, cu i e d o v u ta  la  tem pesta  
del L uglio , e ra  quasi uguale  a quella della  tem p esta  del Maggio 1959. D u ran te  la  rip resa  
dopo la  seconda tem p esta  si e r isc o n tra ta  u n a  iniezione di in te n s ita  considerevole di 
partice lle  di bassa energía. Si de te rm in a  la  d ipendenza dal tem po  di questo  flusso aggiun- 
tiv o . D u ra n te  la  len ta  rip resa  dopo 1"u ltim a  tem p esta , lo sp e ttro  di variazione dei 
p rim ari cam bia la  sua form a in m an iera  sim ile a lia  rip resa  dopo la  tem p esta  di maggio. 
s i m ostra la correlazione ira  questi effetti e l 'a t t iv i t a  geom agnetiea.

(*) Tmduzionc a cura della Itedazioae.
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