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A remarkable sudden decrease In cosmic-ray mu-meson intensity
occurred in connection with the magnetic storm and auroral display of
the night of 10 February 1958. We have put in operation a high count~
ing rate, high time=-resolution meson monitor which enables detalled
study of such events. The Instrument employs large disks of plastic
scintillatorl, and consists of three telescope units, each of which

counts colncidences between two layers of the plastic disks. Figure
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1l is a view of one telescope unit; each disk ls 107 cm in diameter
and 9 cm thick, a layer of four disks is viewed by two Dumont 5" 636}
photomultipliers (only one is shown in the drawing) and two-fold co-
incidence 1s made between the upper and lower layers with a resolving
time of 0.15 microseconds. The efficiency is over 90%, 80 that a
nearly flat "plateau" is obtalned at a counting rate corresponding to
the lmown meson intensity. Each layer has a scintillator area of 3.hm2
end the two layers are arranged for maximum counting rate: small ver-
tical separation (25. cm) and essentially no absorber between laysrs.,
The total absorber thickness, principally the concrete roof of the
building is 50 g cmfz. The outputs of the three telescopes can be re-
corded individually or added electronically to give a total counting
rate of nearly 1,000 counts per second. To take advantage of the high
resolution which this rate affords, a special recorder has been de-
viaed (to be described elsewherez) which accurately reglisters the num-
ber of counts in each 30-second interval; absolute time is known to
?_3 seconds, The monitor is located at Cambridge, Massachusetts, at
sea level, latitude 42°23' N., longitude 71° 08' W,

As the time of the sudden decrease the sum output of two tele-
scopes was being recorded on the count recorder and the third tele-
scope was on a.low-precision counting~rate meter. The record of the
count recorder, with counts averaged over 8-minute intervals for con-
venience, 1s shown in Fig. 2; the 8-minute average counting rates are
given in Table I, which includes samples of the recovery of the in-
tensity after the drop. All rates are corrected for barometric
changes, the largest correction being 0.46%. The change in height of
the upper atmosphere over this period would correspond to a correc-

tion of about 0.1%, which has not been made since detailed data are
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not available, With the exception of the third telescope the instru-
ment has been in operation since August 1957, snd has proved to be
stable and reliable. A check on the results at the time of the de~
crease 1s provided by the third telescope, which has completely inde-
pendent clrcultry, and which showed the same decrease, although with
poor precision because of the limitations of the counting-rate meter,

The record (Fig. 2) shows that a small decrease began at about
0100 Universal (Greenwich) Time on 11 February 1958, and the intensity
had dropped 0.5% by 02.l0 U.T, At 0245 ¥ 5 U.T. the sharp drop began;
the intensity dropped 2.1% in asbout one hour, leveling off at 0340 : 5
U.T:. The intensity remained at this level for a few hours (Table I},
then rose gradually %o its pre-drop value, the total time from the
drop being about 14 hours. The magnetic storm began with a "sudden
commencement" at 0121 UoT-B, and the aurora began a few minuteé la ter,
Presumably the three phenomena correspond to the arrival of ionized
gas emitted from the sun during the previous day, but the solar ac-
tivity of that day was so great that 1t does not seem possible to
1dentify the specific event that was responsible.

The event reported here resembles previously-reported "Forbush"
decreases except that the time scale 1s shorter'L"e Theorlies of these
decreasess'7 generally essume the arrival of solar gas clouds carry-
ing_magnetic flelds which somehow exclude a fraction of the cosmic
rays from the vicinlty of the earth. The median energy of the pri-
maries of the mesons recorded by our apparatus is about 10 Bev; the
gyration radius of a 10 Bev proton in a field of B gauss i3 3.3 x
x 107 B™lem; and the minimum.£ime in which a magnetic cloud of ve-
loeity v carrying a fleld B could make 1ts effects felt is greater

than 3.3 x 107 (B v)-l sec. This iImplies, for a typical gas-cloud
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1, and a one-hour decrease a model~indepen-

velocity of 2,000 lm sec”
dent lower limit for B of § x 1075 gauss. The actual lower limit de-
pends on the model assumed; in the diffusion models, for example,
flelds from two to three orders of magnitude greater than this would
be required; in the gravitational-capture mod916 the capture time is
longer than one hour, and a more detailed calculation would be re=~
Quired to see whether the model could reproduce the effects reported.
The model proposed by Cocconl et al envisions an elongated tongue-
shaped magnetic field drawn out from the sun by the outburst of gas,
end remaining well-orgenized out to the earth's orblt. The decresse
would then correspond to the tip of this tongue passing over the earth.
The three models should give quite different predictions for the aniso-
tropy of the cosmlc-ray decreases. It would be very useful to have
high~resolution records of these events from different parts of the
world.

_ We are indebted to R. A. D'Arey for much of the design and suc-
cessful completion of the monitor; to W. B, Smith for invaluable as-
sistance; to Professor T. Gold for a helpful discussion;-and to Fro-
fessor B. Rossi for his original suggestion and continued support for
this work. . One of us (R,A;R.P.) is supported by a fellowship of the

Conselho Nacional de Pesquisas, Brasil,



TABLE I

Counting rate of the meson monitor in counts per second, averaged
over 8-minute intervals, on 1l February, 1958. The stendard devia-

tion of each entry is ¥ 1.2 counts per second,

Universal Time Counts per segond Univergal Time Counts per second

0002 6393 0250 63403
0010 640.0 0258 630.3
0018 640,5 0306 631.9
002§ 639.3 0314 629,.9
. 003l 641.8 0322 626 .2
ooy 6140,0 0330 6271
0050 6140.5 0338 621 .3
0058 6142,9 o346 621.3
0106 638,0 035l 621 .6
011l 639.7 oLo2 623.7
0122 637.7 o410 62,0
0130 63408 0l1.8 62ly.1
0138 63701 ol26 620.9
0146 638.1 oL 3l 622,.8
015l 637.7 oll2 621.7
0202, 63704 0450 623 .6
0210 632.7 oLL8 625 .6
0218 637 o1t
0226 636 .6 0800 6256
023 638.8
o02h2 637.5 1100 632 .4
1430 633.1

1700 638.7
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FIG. 1 - CUTAWAY VIEW OF A SCINTILLATOR TELESCOPE UNIT
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