NOTAS DE FISICA
VOLUME VI
NS 11

NORTH-SOUTH ANISOTROPY AND ANTICIPATORY INCREASE
OF INTENSITY ASSOCIATED WITH THE COSMIC-RAY STORM OF
FEBRUARY 11, 1958

by |
Dr. V. Sarabhai and R. Palmeira

CENTRO BRASILEIRO DE PESQUISAS Fisicas
Av, Wenceslau Braz, 71
RIC DE JANEIRO

1960



261
Notas de Fisica - Volume VI - Nell

NORTH-SOUTH ANISOTROPY AND ANTICIPATORY INCREASE
OF INTENSITY ASSOCIATED WITH THE COSMIC-RAY STORM OF
FEBRUARY 11, 1958

_ *
Dr. V. Sarabhai
Physical Research Laboratory, Ahmedabad, India
' and
: %
R. Palmeira

Centro Brasileiro de Pesquisas Fisicas

Published in Nature, Vol. 184, 1204, (1959)

(Received October 13, 1960)

The time variations of éosmic-rays«have been measnured
during the Internaticnal Geophysical Year with standard instru-
ments at a large number of places on the Barth, and several

studies have been made of the energy dependence of the primary

* Sometime guest of the Massachusetts Institute of Technology.
#% Thig work was performed uhen one'or the authors (R.P.) wvas at the M,I.T.
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variations and the anisotropy which is often associated with

primary variations of intensity. From an examination of Forbush-
=-type decreases, Fenton, Fenton and Rosel have come to the con-
clusion that the cause of the transient intensity decreases 1is
varlable in its energy dependence from a few BeV. to more than 30
BeV. The variation in response to transient decreases observed
with similar equipment at different stations suggesté that a
primary anisotropy 1s present at these times. Lockwood2 has
examined the detalled structure of several Forbush-type decreases
in the intensity of local neutrons during 1955=58. He finds that
in most of the decreases there was a magnetic storm at the onset.
Flare activity during the preceding 30 hr. was high and there was
some Iindication of an intensity maximum during the 12~hr. period
preceding the start of the.decrease. He comments that such an
anticipatory effect might be due to the albedo of the moving
magnetie gas cloud, but that further results are needed to sub=-
stantiate any anticipatory effect. MecCracken and Parsons3 have
made a very intereSting-analysis of a Forbush-type event which
occurred on October 21, 1957. They found that there was a pre-
liminary depression prior to the commencement of the Forbush
decrease and they comment that it was.not due to the arrival of
solar matter at the Earth since it occurred before the magnetic
disturbances. They conclude from studies made at several stations
that the preliminary depression must be attributed to a cause
located at some distance from the Earth, and since it is not

observed simultaneously at all stations its explanation requires



263

sxeqdstTway wIe

-[3nos eyj ut Jou ‘qreq
‘38 o02T Ut suoyje}s UL
poAxseqo joN ‘esuodssg
ASxoue mMoT pue ydty

UITA BJUSENMILSUT UT usag mnuTXEd Yo 00TT
BIOINB BUTIEY 000T
S00usWmOD 988¥8IOUT (9) HY pue Lex-y 0580
spus ABz-y 0€L0
89pNITIRT
USTY 9% WOETUTH 00L0 (S)
Om\ooz m_.ﬁ .
Jo egToU OT308TRE _
‘uorydrosqe wmmrTxeEy $€90
0=HV 4fB1-x = 2290
suosem Wl wmmTut® 0050 (V)
Jogenbe 9B WNmTUTE QOEO (£) UNWTUTE ¥ 00£0
_ : OV = ‘HV + Y$T10
BOpPNITIVL BIOINY 0£T0
431q 9® 91848 esweIdeq () OV - ‘HV + 9CT0
. - WI038 *H*g . OCT0 86-2-1t
09 pegeTed %@MMP%MM qued Jod T+ & OV +
3% 958eI0oUT AT03BdTOTIUY (1) UNEIXEW ¥ . 0012 ,
. _ IS ‘LoM
_ : 8STOU OfpRI g8INq
Jno-apwy oTpEy Jofem UM oIeLy ,Zx  GSET | @§-2-0T
Fw-epsl O0TPEY 028 708 OIOTd +Zx 6¢Te
: 838anq ofpex I edLj oeTe
. pue I1T ediy | -g£goz
M|o-8pBF OLpRY IR Ty +N* 4020 84~2~6
eeanywey fex oTuso) 1908178 TBLI}E8IIS] *I°n | queAs IBTOS ‘L0 e%8Q
WTUTSITA 98 PISLJ oTqeulsuwosd Jo quouodmo? TBQUOZTIOY 9Yq JO puw 4:0)
£9TsusquT Le~0TWS0D JO edueys oY 99voTpUT ATealjoedsex HY pus oV
8G6T ‘TT ZuVRYEHS 4O FISVIUOIA HENGHOd WHI HIIM QIIVIDOSSY SINIAY JO XDOTONOWHD T 9T4%%




264
some rather special form of short-lived primary anisotropy.

McCracken® has analysed the anisotropy of a number of Forbush-type
decreases which were preceded by decreases. Yoshida and w‘ada5
have directed attention to lnecreases of intensity which occur after
the onset of cosmic-ray storms. They believe that the increases
are mainly isotropic and have an energy~dependence nearly the same

as that of the decreases.

In conexion with the Forbush-type decrease in cosmic-ray
intensity which occurred on February 11, 1958, we have fortunately
a large number of other solar and terrestrial observations which
give us a unique set of data for following the event from the time
it occurred on the Sun. These have been summarized by Trotter and
Roberts6. During its second passage on February 9, 1958, a region
58-B at 15° 8. heliographic latitude, then at the central meridian,
suddenly underwent very rapid changes in plage brightness and sun-~
spot growth. The region flared rapidly thfoughout the days; half
a dozen of the flares were Class 1 + or greater. Five of these
caused complete shorit-wave radio fade-outs of considerable duration.
In addition, these events were associayed with unusual solar radic
nolse burst activity on 2,800, 470 and 167 Me./s. The flux
density on 167 Mc./s. was very high during February 7-9. An
extremely large number of high-speed dark surges were observed on
the solar disk, most of them in association with small flares.

The mean integrated coronal (5303 A) intensity was low during the
period. Reglon 58-B, which had very intense activity during the

second passage in February, persisted wilth pronounced activity
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Table 2. Particulars of Cosmic-Ray Neutron Monitor Stations Used in Analysis

Code

O = 2 R4 HEH O B QW

Station Geog.
Lat.
Murchison Bay 80° M.
Churchill 59° ¥.
- Ieeds 53° N,
Sulphur Mt. 51° N,
Weissenau 480 N.
Ottawa 45° N,
Mt. Norikura 36° N.
Kodaikanal 10° N.
Mekerere College 0°
lae 6° s.
Huancayo 12° s.
Hermanus 34° s,
Mt. Wellington 41° S.
Invercargill 46° s.
Mawson 67° s.
Hy, I, £ Equator
B, G, D High
E, N, 0 latitude
D, F, K West
longitude

0, B, I O-Longitude

J, M, N East

longitude
A, E, G Northern

hemisphere
L, M, 0 Southern

hemisphere

Geonag.
Lat.

76° N,
69° N,
57° N.
58° N.
49° W.
57° N.
26° N.
1° w.
2° s,
16° 8.
1° s.
33° s,
45° s,
52° 8.
73° s.
0-2°
49-
73°

26~
76° N.

33~
73¢ S.

long.
18° E.
94° W.

00
115° w.

9° B,
76° W.
137° E.
77° E.
32° E.
147 E.
75° W.
19° E.
17
168° E.
62° E.

)
Q
o]
Q
o
(8]

75-115°
0~ 32°

147-163°

T T TE PE P I8

e e T e e

Investigator

E. Sandstrom, Sweden
G. Roge, (anada

G, Wilson, England
G. Rose, Ganade
Ehmert, Germany

G. Rose, Canada
Miyazaki, Japan
Sarabhai, India

M. Thomson, Ugande
G. Fenton, Hobart
A. Simpson, Chiecago
M. Vanwijk, Hermanus
G. Fenton, Hobart

V. Ryder, New Zealand
G, Fenton, Hobart
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during the third and fourth passages in March and April respectively.

Tho strongest geomagnetic storm with sudden commencement
(s.c.) of the present solsr cycle began early on February 1ll, and
almost simultaneously a very spectacular aurora that persilsted
throughout the night 1it up the northern sky as far south as the
35th parallols It was visible on the following night as well.
In Table 1, thstimportahtievents observed on the Sun and on the

Earth[are‘summarized in chronological order.

‘We have examined the effeot in cosmio ‘rays from data of
the high counting-rate meson detector at the Massachusetts Institute
of Technology and_zrom a.grid-of neutron monitor stations dis-
tributsd (l) inltwo belts corresponding to the equator and the
middle’geomagnetic latitudes, (2) iﬁ three meridional sections
corresponding to 75—115o w., 0-32° E. and 147-168° E., and (3)
in the northern snd southern hemispheres. In Table 2 are indicated
ths stations which are included in the grid, particulars of their
1ocation and the name of the prineipal investigator at each station
through whose kindness the data have been made available to us.
Assuminé‘that the #sriations can be dependent on the primary energy
response, on loosl time or longitude and on the hemisphere, we have
grouped stations so as to study one variable at a time with, so
far as possible, an'equal_oontribution‘in each group due to the
other two variables. The stations from which data have been

combined for the various analyses are indicated in Table 2.

Fig. 1 shows the percentage deviations in the bi-hourly
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counting-rates of the neutron monitors during successive bi~hourly
periods in U.T. from February 9-12, the deviations in each case
being taken with respect to the mean intensity on February 10,
which represents a peribd of 24 hr.'immediately preceding the
onset of the Forbush decrease early on Febrﬁary 11. It is clear
from Fig. 1A that the variation is strongly dzpendent on'primary
energy. It will be noticed that the meéon detector at the middle
latitude exhibits a variation which is intermediate between the
variation of the neutron monitor intensity at the equator and at
the middle latitude stations. The‘middle latitude statlons have
a much larger percentage decrease than the Stat;ons at the equator.
A minimum intensity 1s reached at 0300 U.T., at 0500 U.T. and at
0700 U.T. atl the equator, with the meson detector and at the middle
latitude stations respectively. Moreover, about 12 hr. after the
initial decrease, at the equator the intensity returns almost to
normal'before it decreases again; on the other hand, the recovery

occurs only partially at middle latitude stations.

A most interesting aspect of the present event is the
increase of intensity at 2100 U.T. on February 10, observed at
equatorial stations only, about 4 or 5 hr.' before the arrival of
the solar plasma at 0120 U.T., indicated by the storm with sudden
commencement and a number of other terrestrial effects. The
second increase, or the recovery of intensity at 1100 U.T. on
February 11, is seen to be much more significant at the equatorial
stations and in the meson detector at Cambridge than at the middle
latitude stations. It would thus appear that both events, which



268

04} 9-2-58 | 10-2-58 | 11-2-58 | 12-2-58
_1 -zi, [ 02, * 02+ i I "SUN
0.2 l l 2* FLARE
- | ™ Y | + RADIO FADE OUT|
> o . , F l *+ RADIO NoisE | A
B ool s S el N~ EQUATOR
E 0.2 i ‘ " M_EGON
= o4 } } : N-49°-73°
i I
0.6 .
z | 1'* ¢ ; +AURORA *X-RAYS
] - _
= o2 } Sc:”éuf ban | “—MAGNETIC
- f !
= o . | _ ! CHANGES B
) " | _
E 0.2 ' Ao N-147°-i68°E
R I | N-T5%- 115w
5 °4r : : | l LI N-0%— 32°€
= 0.6 I [
< 0L | Higd L | +COSMIC RAYS
> L t 12? | :
w : ‘ | 1 INCREASES
e 0.2 t | | + DECREASES
L v.e| |
S o2 | C
W - * > s ~N-NORTH HEM.
a 0.9 ' e P g‘!T"( .
L L L bbbt d e LS 1T 1o Lot b TN SOUTH HEM.
I 9 17 9 7 t 9 w7 1 9 17
UNIVERSAL TIME
Fig. 1. QCosmic-ray intensity chlianges and associzted solar and terrestrial

effects for the coswic-vay storm of February 11, 1958. Relationships of
changes are indicated separately in A for low and medium latitudes and

primary energy response, in B for meridional sections and in ¢ for hemispheres.
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appear to be increases, are particularly characteristic of the
high-snergy component of the primary radiation. In contrast, the
first minimum of the Forbush event is larger and occurs later for

low-energy than for high-enérgy primaries.

In Fig. 1B the variations of Intensity at stations in
the three meridional belts are compared. It is seen that there
are significant differences in the initial decfease, indicating
the existence of an anlsotropy. The most remarkable feature is
the complete absenceIOthhe second increase at 1100 U,T. on Febru-
ary 11 at stations in the east meridional section (147° E. to 168°E.
longitude), aé also at stations in'the_southern_hemisphere for
which a comparison with the northerh hemisphere is shown in Fig.
1C. The second increése of intensity is thﬁs characterized by a
strong anisotropy.not 'only parallel- to thé écl—iptié, but also
perpendicular‘to:it, This is perhaps the first evidence for an
anisotrdpy of the iatter type. In contradiction to the view of
Yoshida and-Wada, wé.believe,that the second increase is mainly

anisotropic'éﬁd-has an enérgy dependence differeht from the

malinly lsotropic Forbush.decrease.-

The main event observed early on February 11 in cosmic
rays, in geomagnetism, in the aurora and in X-rays at high
altitudes 1s undoubtedly related to the major solar outburst
from region 58-B between 2053 and 2139 U.T. on February 9. We
would like to suggest here that solar plasma reached the inter-
action distance of the geomagnetic field at about 0120 U.T. on
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February 11, but that for several hours prior to that, there wvas

a cosmic-ray effect which involved an increase of the radiation.
During the second increase of coamie-ray intensity on February 11,
we have an Inorease of cosmic-ray intenslty occurring with a
strong aurora and change of the korizontal component H of the
geomagnetic field. This contrast with éha agsoclation of the
aurora and the ohange in magnetic field with the large decraage

of eosmic=ray intensaity about 10 kr. sarlier. From other geo-
physical evidence it is believed that the main plasmm outburst
streamed past the Earth in 10-1Z hr. and it appears that the
second incremse of cosmic-ray intensity is related to the departure
of tha plasma cloud. There was a 2' flare with major burst of
radio noise at 67°we heliographic iongitude, which oceurred at
1325 U.T. on February 10. It is worth while examining whetheyr

the sacond increage is related to the arrival of fresh solar par-
ticlea from this flare. If, in order to explain the terrestrial
influence of a solar'event far removed from the central meridias
to the west, one postulates the presence of a guiding path of
solar magnetie lines of force stretched out to the Barth by earlier
streams or an outward solar wind, 1t would bhe difficult to BXpiain
the 24«hr. delay for solar partieles of even a few MoV. enarey .

We are tims inclined not to mssoclate the second event with ths
solar outburst on February 10.

We believe that in the two increases and the meain decrease
observed with the cosmic-ray storm of February 11, 19:59. we have
essentially three types of modulation process. One ie dirsctly
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assoclated with the moving plasma, probably related to the magnetic

filelds in the shock front and gives increases as well as decreases
of Intensity along with anisotropy. The second gives decreases of
intensity and is related to a process which has a sharp énset but
a relatively long time constant of recovery. The first is often
more effective for high primary energles than low, bututhesecond

is much more effective for low than for high energles.

The large anisotropy parallel to the north-south and
east-vest directions in the second increase poses an important
problem. The different motions of solarrparticles.trapped by the
geomagnetic field have been discussed by Gold7, and before average
conditions are established round the globe there is probably a
basis for major differences in conditions over the hemisphere and
at different meridional sections immediately following the arrival
of a new cloud of solar particles. But the time involved 1s very
short compared to the observed effeét which shows up over periods
of several hours. Moreover, even though changes in the(Van Allen
radiation belts could perhaps provide an adequate mechanism for
the perturbation of the geomagnetic field, and through it alter
cosmie-ray intensity, a quantitative evaluation of the efféct.has

not so far been undertaken.
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Britt at the Massachusetts Institute of Technology for help in
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