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I. INTRODUCTION

» l i) L] >
In an earlier work™, the authors described an  experi

ment performed at Chacaltaya, Bolfviag in which the intensities
of positive and negative mesons were measurcd at various  angles
in the east-west plsnes. It was found possible to explain the ob-
served counting rates at 15° cast and west and at the vertical by

a /d-meson production spectrum of the form.
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G(RY) = & Rl a(r&c)} , (1)

where MC 1s the effective cutoff magnetie rigidity at  the
latitude, longitude, and direction of incidence of the primary
particles under consideration,

The excellent agreement between theory and experiment men
tioned abowve necessitated the introduction of corrections due to the
following effects: (1) spurious counts, (2) equipment normaliza
tion, (3) lack of collimation in the production of T mesons ,
ang (h)lfinite sclid angle of the équipment | In large bart, the
corrections were evaluated using certain of the data themselves,
and the remaining data were then found to be perfectly consistent
with the theory;

Additional data, for zenith angles of 22 L © and(??éLo
2 o
obtained in the course of the same experiment, offer a mean:

for a more rigorcus check of the theory, since the various  cor-
¥

rections for thesg;angles may now boe bascd on the vesulis of  the
earlier , 0° and 45° data;

The same equipment wag operated at —Echo Lake, Colorade
during the summer of 1¢51, at 45° gast and west; These data per-
mit a separate  test of that part of the theory which refers. to
the curvature of mesons in the atmosphere after proguction, sin_

ce at that latitude there is practically no asymmetry in the

primary radiation.



IL. TEST OF THE THEORY AT LOW LATITUDE

0
The 22.5% counting rates obtained at Chacaltaya were
2

corrected downward by an assuned spurious counting rate ¢ 0.8Lt
+ 0,20 hr-l. This figure was arrived at by assuming that thesgy
;ious rate for a given zenith angile followed the same rule heré
as was found for 0° and 45°, i;e. that it was proportional to the
sum of the four counting rates at that angle, positive and nega
tive, east and west; The resulting rates were then multiplied by
the normalization factorg found in that analysis;

If one useg the curve obtained in reference 1, and
M, = ll;TBv ( west), 17;2 Bv (east), one finds for the parame -
ter a of the theorﬁl 620 and 686 g cn™° for 22$%O west and east,
respectively; The theoretical counting rates were computed, niimg
these values of a ; They were then corrected for the spreading
in T -meson production { rms angle of 140, as in ref; 1), and
for the finite solid angle of the equipment;

The experimental rates were used to find the observed po
sitive excesses ¢ , and from tiiem the cprresponding positive
excesses at production 5 ; As noted in ref. 1, the latter cquan -
tities are ‘of osomewhat doubtful reliacbility, due to their depen
dence on smalil and perhaps neglected terms in the expressions for
the inbensities; Both the €15 and the C§'s have been shown in

Table I. The subscripts refer to the tvo different momentum chAn-

nels in the equipment.
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TABLE I - Positive excesses observed{ { ) and at pro-
duction (6 ) at Chacaltava.

Direction € 1 (S 1 3 oy 62
O .

22 2w +0.063+0,012{ +0.041+0,012}+0.071+£0,027} +0,041+0,027
2
)

22 & E -0.072+0,013| +0,019+0,016|-0,048 0,C28|+0,064 0,030
2

Computation of the positive excess essentially remo -
ves one degree of freedom from the data in a given direction. The
refore, for the purpose of comparison with the theory, positive.
and negative counting rates have been combined in each direction.
This procedure has the additional advantage that the sum of the
two rates is extremely insensitive to the value of positive ex -
cess, and therefore provides a good test of the theory regardless,'
of erros in the latter gquantity. Table II shows that experiment
and theory agree closely.

TABLE Ii- Comparison of experimental and theoretical co
unting rates for zenith'angle 22 19 a4t Chacaltaya, All rates

are in hr~l, and refer to the sum of positives and negatives.

Experimental counting
Theoretical coun rate {corrected . and

Channel ;| Direction ting rate { cor~ | normalized )
' rected)
| |
10
T 22? west L5.85 1+5.1+6j‘_0.36
1.° L
I R2=% east | 39,44 L 39.95+0.35
1° |
T 22-2- west 9,54 Fe47+0.30
) .
T 22-;}2- east | 8,12 8,14+0,30



If one adopts the viewpoints of ref;l and regards the
"western" part of the a(MC) curve (i.c;Mc <13.5 Bv) as well es-
tablished, one can normalize the gastern data to the western data;
The parameter g at 22 %p east can then be computed from the expe -
rimental results to be 678 + 5 g em™® for Channel I and 6633 18 g

cmm2 for Chennel II, as compared with 686 as read from the curve.

This Channel I result has been shown on Fig. 1, along with +the PYS,
vious result for 45° east, and the curve has been redrawn,

Data for 67 %p are aveilable in the west only, as the
mountainside at Chacaltaya interferes with the solid angle of the
equipment in the east. The corrections for finite solid angle of
the equipment and for ﬁon—collination are so large at these zenith
angles that computaticn is nearly impossible. About all that can
be said is that theory and experiment agree in order of magnitude,
The corrected and normalized experimental sum of positive and negg

1

tive rates for Channel I was 4,36 + 0.138 hr —, while the theory,

with approximate corrections, predicts 5.70 nrt,

III. APPLICATIONS OF THE THEORY AT HIGH LATITUDE

Pl

A. Approximations in the Theory

The effective critical rigidity at geomagnetic latitu-
dos greater than aboutl 40° varies bvut little with zenith angle
in the east-west nlane, This fact leads to certain simplifica -

tions in the theory, due to the near constancy aofg withdirection,



The simplifications arc brought about if the quantityz%lof the nu
merical computational is chosen cqual to the vertical gutofrl rigi
dity.

First, terns  in the theorsotical expression for the JA["
meson intensitiesriuvolving the quantity J2, witich describes the
primary asymmetry, o Lo ¢onsidered to be small qugntities, and
terms din the souie of J! ey b sdectud,  Second, terms din J6,
having to do with Tl veriavion of g along the meson trajectories,
can be totolly neglootsd, Thiyd, gince the primary spectrum isnear
ly the same in all dircetions, +the positive cxcess at productiocon,
5' » can be considercd to be the same in the cast and west for a

given gzenith angle.

The authors have investigated the effect of the verti -
cal compornent of the terrestrial megnetic ficld at these latitudes
It was found ‘that only the horis al component produced effects
first order in the magnetic field, fhe effects of the vertical com
ponent being of sccand order and smaller.

The above considerations make it possible to write +he

expression for the intensitics at high latitude as follows:

. T3 N o~ it 1 v | 1 hy A
i ot ® 3 = cos ® 3 |1+ ;-QTGO*(JZ/J:L)( A /1)

— ¢ Yten (54/51) - % q (§ tan () (J4/Jl)} {2}

Be The Aversge Sccondary Asymmetry

The action of the megnetic field of the carth en the sg
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condary particles produces, at high latitudes, an aéymmetry'aﬁthe
positives favoring the west, and a very nearly egual asymmetry of
the negatives in the opposite direction., The quantity J4 of the
theory, which expresses this effect, can best be compared with ex
periment through the messurement of a quantity which will be cal-
led the "average sccondary asymmetry", defined for = given zenith

angle as follows:

2 (i - lw_ - lE+ + lE_)

vt |
Ay T . (3)

Tye Tty ¥ 2Ee T lga

whexre iw+ denotes intensity of positives from the west, etec, A

simple substitution from Bg. (2) yields

2y ten @] ,/5))

Av
1 - (1/2H)(J2/Jl)( W+ E)

The (JE/Jl) term in the denominator is quite small, making AAV ve:

ry insensitive to tThi values of ZSW and KBE.

C. Comparison with Experiment

Numerical computations were carried out for a zenith an
gle of 45° at Bcho Lake (geomagnetic latitude >\=48.4ON, geomagng
tio longitude (D = 112.7°W, atmospheric depth H = 705 g cm”z).The

temperature variation with atmospheric depth was taken from the cur



ve given by Olbert2 for 40° geographic latitude, The horizontal
magnetic field of the carth was taken to be 0,22 gausss, the cor-
responding value of ‘X being 3.9 x 10~ 2

The crlulcal rlgldlty at Echo Lake is 2.7 Bv at the
vertical, and 2.3 and 4,2 Bv at 45° west and east respectively,
These figures werce obtained from curves given by Vallarta4 s cor
rected according toc the procedure given in ref; 1. The corres =
ponding values of a arec 522 g em? for the vertical direction,
and 519 and 538 g cm_2 for west and east;

The theoretical value of the average secondary asymme-—
try has been compared with the experimental value in Table III;It
is seen that the theory is wholly adequate to explain the obser -

ved asymmetry,.

TABLE TTT ., Comparison of experimental and theoretical

value of average secondary asymmetry for zenith angle 4,5° at Echo

Lake.,

Channel Theoretical asymmetry Experimental asymmetry
I 0,162 0,141 + 0,023
IT 0,208 1 0,153 + 0.088

1. F. B, Harris and I. Bscobar V., Phys. Rev. 100. 255 (1955).

2, 8. Olbert, Phys. Rev. 92 454 (1953).
3, P. E, Fowle, Smithsonian Physica . Tables (Smithsonian

Institution, Washington, 19347, eighl révised edition, pe 593
Lo M. S, Vallarta, Plys. Rev. 74 1837 ( 1948),
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Figare 1
The pergmeter o occuring in the expressl
on for the production spectrum G(R'), as
o. fumehlon of the cutoff rigidity M.eThe
portion of the curve for which M, £13, 5
Bv was derived from Olbert's results in
the vertical direction. The remoinder is
based on the two. points shown, which corw-
respond to 22 3 © and 45° cast st Cha-
o= calteya.
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