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Analysis of Cosmic Ray Intensity Time-Dependence 
Recorded at Mina Aguilar during July 1959.

J. G . E o e d e r e r , O . E . S a n t o c h i, J. C. A x d e iiso v ,
J . ÜVE. ('Aiti)oso and J. E . M a n za n o  

Comisión Nacional de Energía Atómica - Buenos Aires

(ricevuto il 18 Maggio 1960)

Summary. — Intensity variations of uucleonic oomponent at ]\lina Aguilar 
(4 000 m o.s.l., 12° S geom agnetic latitude) are analyzed as a function 
of tim e, for tlie July 1959 storms. It is suggested that tlie intensity 
behaviour is due to a linear addition of three independent Forbush de- 
creases of different amplitudes and relaxation times, but of approxim ately 
tlie same form  of primary variation spectrum at liigli energies. The slow 
recovery after tlie tliird storm is mainly determined by  tlie relaxation 
tim e of tlie second storm.

In a previous report (J), we pointed  out the im portance o f obtaining in for- 
m ation  upon the degree of linearity o f superposition o f cosm ic ray effects- 
during the overlapping Ju ly  1959 F orbush  decreases. W e stated in the above- 
m entioned paper, that a linear superposition o f m odulation  effects in tw o or 
inore suiccessive storm s w ould  in  general lead to  a variation  spectrum  of func- 
tiona l form  constant in tim e, being  the am plitude of decrease the only tim e- 
dependent quantity .

As it can be deduced from  the results given  in the previous paper (2), no 
ehange in  the variation  spectrum  takes place until the recovery  a fter the second 
storm . This strongly suggests that the m odulation m echanism  responsible fo r

( ')  J. G. R o e d e r e r ,  O. K. S a n tociii, J. 0. A n dek son , J. M. O ardoso and .T. R~ 
M anzano : Nuovo Cimento, 18, 120 (1960).

(2) Loe. eit. (*), Pig. 6.
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the second storm  did not interfere the ñrst one, b oth  acting independently. 
W itli respect to  tlie third storm , apart of the additional low  energy partióle 
flux detected  at E llsw orth on Ju ly  17th, we conclude from  F ig. 9 of the form er 
report that at least until the .19th of July, the variation spectrum  did not 
cliange appreciably. W e  therefore suppose all three Forbush decreases to be 
linearly superposed.

Tn. this paper we w ill show a further evidence for linear, independent super- 
position , at least for  energies above the Mina A guilar geom agnetic cut-ofí 
(12.7 G eY ). T o show tliis, we c.onsider again the sim plifled form  for the prim ary 
variation  spectrum  (x)

^  =  s m j s - y .

W e called the fu n ction  Sk(t) the am plitude o f the variation  spectrum . I f  110 
interference betw een  m odulation nieehanisms of the three storms occurs, y  will 
be  independent o f tim e, and we w ill llave

HT)
—  =  [8 h(t )  +  8M Í) +  § 

and for the percentage intensity variations

M  =  +  § / 2 +  SJs =  I' lSk^t)  +  8k.,(t) +  § *»(*)] (*)

where 8fc¡(í) are three independent amplitudes, one function  for each storm  
( 8ki(t) —■ 0 fo r  I <  tim e of storm  com m encem ent). If we take data from  Mina 
Anguilar, which are less sensitive to  low  energy ñux m odulations, and plot 
SI in logarithmic, co-ordinates, F ig . 1, we com e to  the follow ing oonolusions:

i) the recovery  to  prestorm  level after the third storm  is exponential (3) ;

ii) this exponentia l form  is not ach ieved im m ediately a fter the third 
storm , but only tw o days later, i.e. a fter the 20tli;

iii) the extrapolation  o f this exponentia l form  to  earlier days, points 
accurately  to  the m inim um  a fter the second storm  (**);

(’ ) For the definition of tlie constant F, see formula (4) of (] ).
(**) Tliis is also true for Ellswortli neutrón m onitor data, altliougli at tliis station 

the intensity fluctuations around tlie exponential form are mucli more pronounoed. 
W itli respect to  Buenos Aires records, it lias been already mentioned in i1) that per­
centage variations íit within normal fluotuations with tliose recorded at Mina Aguilar.

( 3) 1\ M o r r i s o x : Plnjs. Mev., 101, 1397 (1956).
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iv ) the reoovery after tlie ftrst storm  m ay also be  fitted  b y  an expo- 
nential form .

Aguilar. The exponential type o í reoovery is shown. 24 h m oving averages are used, 
except for days in which intensity varíes strongly; bihoui-ly data are plotted for

these intervals.

Fig. 2. -  Curve a: differenoe between the intensityT variation of Fig. 1 and tlie ex p o ­
nential contribution ó l1 o f the first storm reoovery. Curve b : differenoe between curve a 

and the exponential contribution ó l2 of the second storm reoovery.
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W ith  these results, we proceeded a.s fo llow s: w e supposed (t) and there- 
fore (1/, to  be exponential, o f the form  (see F ig. 1)

exp
t

274
(t in hours).

If we subtract ÜI1 from  §7, we obtain a curve sketched in Fig. 2 -a. I f  we 
now suppose that the main exponential beliaviour after the 20th of Ju ly  be- 
longs to the necotul storm (*), rather tlian the tliird one, we liave

8 / . , ~  exp
t

I f>2

Fig. Representation of tlie tliree independent cosmic ray storms of exponential
recovery eaeh. into which 1 lie July 1959 intensity variation at .Mina Aguilar can he 
resolved. Total intensity variation (Fig. 1) is given as a linear superposition of tliese

curves.

Subtracting tliis funetion from  curve a), Fig. 2, we are led to S /3. The nega- 
tive part of ñl3 represents the decrease and recov e iy  o f the third independent 
storm ; it is shown in F ig. 2 curve b). íTotice the fact that this very  fast recov- 
ery again com es out to  be of exponentia l form

a/* exp
t

18

Id sum m ary, if  we m ake the assum ptions, that undisturbed cosm ic ray 
.storm recoveries are essentially o f ex¡)onential type for h ighenergies (> 1 0 G eV ),

(’ ) Tliis of eourse means that the recovery in Fig. 1 sliould not he strictly exponent ial.
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and that cosm ic ray effects superpose linearly, we can resolve the Ju ly  1959 
cosmic. ray in tensity  variations in to  three single, independently acting Forbush 
decreases of exponentia l recovery . These independent cosmic, ray storms are 
shown i n Fig. 3. Their sum ñts the M ina Aguilar intensity  variation  curve 
within norm al Huctuations. Cliaracteristic param eters are shown in Table I.

T a b l e  I.

Storm commencement Máximum
ainplitude

Relaxation time 
íor recovery

Prestorm
increase

.1 uly 11, 16.211 I T -  4 .6% (274 ± 6 )  h +  0 .7%

.1 uly 15, 08.02 UT -  8.0% (1 6 2 ± 6 ) h none
July .17, 16.38 l ’ T - 5 .7% (18 ± 3 )  b +  2.5%

* * *

W e are deeply  indebted to « Com pañía Minera Aguilar S .A .» for the effi- 
cien t co -operation  and support given  to  the H igh A ltitude Cosmic R a y  Sta- 
tion  M ina A guilar.

K 1 A S S U N T O  (*)

Si  analizzano in funzione del tem po le variazioni di intensitá della componente 
uucleoniea a Mina Aguilar (4 000 ni s.l.m., 12° S latitude geomagnetica), pe.r le tem ­
peste del Luglio 1959. Si suggerisce che il com])ortam ento della intensitá sia dovuto 
alia com posizione lineare di tre indipendenti decrementi di Forbush di ampiezze e tempi 
di rilassamento diversi, ma aventi approssimativamente la stessa form a dello spettro di 
variazione della com ponente primaria. La lenta ripresa dopo la terza tempesta e dovuta 
principalmente al tem po di rilassamento della secoiula tempesta.

(•) Traduzione a cura della Redazione.
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