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L. The mean lifetime of g* mesens in carbon and sulfur has been
measured by the delayed coincidence technique. Data for decay
times > Jusec were anslyeed by the statistical method of Peierls
and yiell v,* =200 3:0008:56c for the mean Fie of the u* meson
in pulfur sod ro=1.934-004sec for the mean lfetime of the
g~ mcson in carbon =.* compares favorably with values found in
maferial of low mtomic number, but there appears fo be & sig-
nificant dilference between these velues and those obtained in
high Z materlals, Assuming a X% dependent capture probalsility
for u~ mesoas, - is compatible with other lifetimes determined
in matarials of higher 2,

IL. The integral time distritutions of the delayed coincidences
obiained above were extrapalated to zero delay time and allow-
ance made for thee = mesons which are caplured in carbon

These date were ysed 1o obtain the o/ rtio st & moementurns
of 325570 Mev/e st sea level: ot/ = LOGE005. This ratio is
companed with other experiments (which slsg good identi-
Beation af the 5 mesons) by plotting all & a function of
momentum at the top of the atmoapbere (T0A), The best it 1o
Mm&ﬂmﬂmuﬁﬁmw&tmﬁﬂdm

o= Py caple*fu" /KD
where
F<4 Bev/e (TOA), Py=0.165 Bev/c (TOA), and Kos0038.

The decresse of the 47/, 'ruluwi.lhﬁﬂulln;ﬂihﬂu-ppun
te be well established, although the exact vahies of Py aed K
&re wncertain.

L INTRODUCTION

K more than a decade it has been known that

there i3 an excess of positive particles in the *hard
component™ at sea level According to the best esti-
males™™ this excess amounts to ~20 percent of the
total penetrating radiation. Early studies gave no in-
formation regarding the distribution of the excesa in
the differential sea-level’ spectrum, but recent experi-
ments*" have shown that in the regjon 1— Bew/c
the positive/ negative ratio increases, reaches a broad
mazimum &t 15 Bey/c and then falls off more slowly
at high momenta,

Still less detailed information is available concerning
the positive excess of g mesons at altitudes above sea
level. Most cloud-chamber data*" ghow that the
positive/negative ratio of the “hard component™ in-
creases with altitude, especially at low momenta. How-
ever, this increase can be related directly to the large
1ntrl:nsn of the proton inlensity with altitude mther
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than any increase in the relative oumber of u* mesons.
Similarly, & magnetic lens iment® showed that
the matio increased from sea level to 3.5 km, but did
not change substantially from this latter value in going
up to 7.6 km. To further complicate matters, delayed
coincidence iments™ M {in which g mesons were
identified by thelr characteristic decay) showed that
the p*/u~ ratio of 1.20 was fairly evenly distributed in
the sea-level spectrum but dropped to ~1 in going to
2.1 km and then increased with altitude.

Other experiments'™® in which the mesons. were
identified accurately by mnge-momenta criteria, showed
0o posithve excess at 3.4 km,

Positive/negative ratios obtained from » mesons
stopped in photographic emulsions'™® exposed at vari-
ous altitudes and identified by their charmcteristic
endings have generally exhibited ratios between 0.2
anmd 1.2,

It is the purpose of this paper to repart an experi-
mental determination of positive/negative ratin for low-
energy g mesons at sen level, and to compare this result
with other experimenta] data in an attempl to resolve
the major discrepancies which exist.

The defayed-coincidence technique was used in con-
j'unttinh with ebsarbers of carbon and sulfur. A com-
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Tasix Tin}. Differenitial dats.
i — —— s — |
Clianmel M, | T | o, 3 M. &
Widih (Af) 1,07 psec 1.80sec 2 Disec 1.4 s
Ed {ltam f=0] 10021 Tusec 07397 usee J30T=-5.0Tusec 507-T
N 14089 hr) 12 816£113 1 281 =104 ARA65A- 6D 202
N, (Dol T Liry 11 380007 THER 68 4058 - 6 1R0G 42
Ny 18232 k) kB 16764-41 1042437 595
—— — E— e —————— -— S
Tanik Tibh. Differential data reduced to cqual channe]l widths (A= L 10usec),
— — — —_— —ar—s ——
Channel Mo, i Mg 2 Mo 3 Mo, &
Calewlaied 1. FBunec 2.95use0 4Bl sec 6,57 usec
“mlﬂl'
‘% bt 6196010 3214006 1.204-0,06 0,56::0.03
"'""T'-" () 160109 1.74:£0,08 069008 0.3140.03
‘{‘";;“ (b 1474006 0.52:0.04 0,250.04

Due to these precautions, the shift in the channel widths
over the of ohservation wis < 0.02usec. Average
values for the time widths of the channels reported in
Table 1{a) were used in all calculations. This average
was computed from weekly calibrations made with a
delay line controlled double pulse generator developed
in this laboratory®™® and used in previous deluyed
poincidence experiments.

All of the critical power supplics were either of the
degenerative feedback type or were controlled by VR
tubes.,

. EXPERIMENTAL PROCEDURE

The apparatus was operated for & total of 3840 hotrs.
Of this time, 31 & hours were foreground and 822 hours
were background (no absorber). The results are sum-
marized in Table I.

Individual tray counting rates and the twofold and
threefold prompt coincidence rates were monitored
daily. In order to minimize any effects due to fluctua-
tions in the incident intensity, runs with each of the
two ahsorbers were alternately sandwiched in time
with background runs. The measured background was
subtracted so that all final results are based upon the
true delayed coincidence rate for each absorber, Thus,
delayed counts due o accidental coincidences and spon-
taneons counter lags are cancelled out. Mesons stopping
in the support material or Geiger-Mueller counter walls
are likewise eliminated from the results.

The differential time distributions plotted in Fig. 3
were obiained by reducing the data from each channel
to correspond to equal widths (Af=1.1usec) and calcu-
lating the weighted “center” of each reduced channel.
This procedure [see Table I1(b)] was used only in

® M. H. Shamos and M. G. Levy, Phyn, Rev. 73, 1306 (1945).
. H S L R U 54s (08).
= . L. Zar, Phys. Rev. B3, 761 (1931).
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plotting Fig, 3. Al other information was oblained from
the v dite lisied in Tahble 1(a).

IV, MEAN LIFETIMES OF y MESONS
A. Genernl

The mean lifetimes here were calculated
from the data in Tahle I{a) by the statistical method of
Peierls ™ ‘This procedure allows the mean lifetime and
standard statfstical error to be compuled from an ol
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Fsc. 3. Differential time distribution of delayed colncidence counts
All channels reduced to equal widths (Af= 1.1asec).

u R Pelerls. Proc. Roy. Soc. (London) AL49, 473 (1935).
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Tanie 111 Mean lifetime of Lhe g~ mesoa af rest
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been confirmed experimentally by Ticho™ and by
Valley™ and by Cathey® for B<2£ <16, and by Kenffel
el al.* Jor copper and iron. The latter group has recently
shown that an anomaly, which is attributed to the
infAluence of the shell structure of the nucleus,* ocours
for lnrge £

At the time of the present experiment no reliable
evidence existed concerning the capture of y~ mesons
in materials of Z<8. Conversi ¢ of,"™ who were the
frst to observe the £ dependence of the g meson
capture process, found that all y— mesons decay i
carbon. Similar results have heen ohtatned by Kissinger
and Cooper,® and Valley,® All of the references ciled
phiove haove large statistical errors. Mereson,® hiowever,
lpund that in corbon only 764 17.6 percent of the uo
mesons decay. In their experiments on the range of
decay electrons in eirbon, Shamos and Russek™ ob-
gerved (hat their results did nol tend tovwsnd unil yield
{i.e., one decay eleciron per stopped meson) al zero
thickness of absorber. The general trend observed in
both of these experiments. is consistent with Whecler's
theory, which predicts that ~%) percent of the u—
mesons (ecay in carbon.

Recently, Hincks and Bell®? have reporied a series
of measurements somewhat similar in principle to the
present one in ahsorbers of lithiom, . beryllium, and
carbon, Thetr v~ compares favorably with the valoe
reporied in the present paper. However, capture prob-

* e Conte Cathey, Phys. Rev. 87, 160 (1957},
# Keuffel, Harrison, Godfrey, and Reynolds, Phys Kev. B3,
.'H-! (IS5,
é M. Kennady, Phys. Row, 87,953 [1952).
mﬂ'#ﬂ. Pancind, and F|-:~|:11m1ir Phva. Kev, T3, 200 (1947},
W, Knsinger and 13, i Pleys. Rew. T4, 349 {1048),
"'f.n E., H’:Iln' Fhys, Hev. 73, ll'il 1'1'543!
‘-'H Meneson, Phys. Rew. T3, 560

{1048).
P, Hincks and W. E. 'Bﬂl. Phys. Rev. 88, 168 (1952);
“ HI-] [Iﬂﬂ] e ¢ H
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abilities computed from their ret, v, and roi— are
nol in agreement with other experiments™® extra-
polated to low Z by means of Wheeler's theory.

The varous experimental values of the lifelime of
the u~ meson as a function of Z are tabulated in
Table IIT.

Under the hypothesis that the shortened g~ meson
lifetime is due solely Lo the competition between captire
and decay processes, ¥ the fraction of s~ mesons which
undergn spontaneous decay is given by™

f=frt, .

From the values of p* and g lifetimes determined in
Lhtpmt;u.pa,r, it is seen that 92::3 ent of the
i~ mesons decay in carbon. This confirms previous esti-
mates® 4 a3 to (he magnitude of this effect.
Using & similar hypothesis, the capture probability
ia given by
we=1 r—1/vt, where »*=2081002usec,

The results of this cileulation are plotted in Fig, 4 using
the effective Z computed by Wheeler.® The slope of
the resulting plot closely to ithe 24 effective
lnw. However, one should expect to find local Auctoa-
tions in g~ meson capture probabilities due to nuclear
*shefl structure” efects. This problem has been ex-
pmined theoretically by Tiomno and Wheeler** for O
and by Kennedy* for Ca* and Pb*™, These authors find

Aows=220 1MW pec,
Acau=2T3 10" sect,
Ao | 565 10PHe? s,
Arb= 100 102 goc !,

Kennedy has compared his calculated capture prob-
ability Tor Pb with the experimentally derived value
abtained by Keuffel of ol * and finds =3 1™ erg
cm® with & probable error of 25 percent. Substituting
this valug in the expression for 0% and Cn®, ooe obitains

Acvwe 20650100 gect,
Acar= 24310 sec,

These dgree, within the experimental error, with the

BT caloulaiing their Efetimes, Hincks and Bell aiqume thai
the wtiu~ matio s 1.24 at 500 Mev /s al sea bevel inorder 1o find
the fractiom ﬂrhc:}umuﬂtlhmhtr which sre due (o p* mesons.
{Az i shown by 6 of the preseal paper, o¥m==1.1 st 300
M:-.r,f.: al ses h".rd.? Furihermisie, they chooss 2 Xlaeec as the
g* mesan mtmwnmhth:mﬁmﬂm

p* in materinls of low 2 {see Table IT). Boih effecis combine to
g{n r~ lifetimea which are of the proper order of magnitude, bug
resilt in edpilure ptnhu.b-lljllu which are too large.

# 4 M Cooforto and B, D, Sard, Phys, Rev. B6, 455 (1052

% Spveral authors see relerence 24 and P. Budind, Muove
cimmento B, 445 (1952} M. Miwvo cmenta 3, 450
H‘}ﬂj have nupﬁutul that the nucleus may et an m‘mﬂtk

particle ily afier capiure of A o~ meson. o this case
m?}m (fy ol o~ mesons which deca
o vt
‘g Tiomno and J. A. Wheeler, Reva. Modem Phys 21, 144
{19

v wolhl not be oqual
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{(TOA) for the selected experimeits, Those palivis labeled (v} are
ohtaine) from « mesons atoppied in photographic emulsiond exposed
ahive G0 DD fq,
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stopped mesons are evenly distributed throughout each
ahsorber® one fnds that

E=1.01£0.10.

The estimated uncertainty in the computed ratio (&)
i due in part to the uncertuinty in the theoretical

ions for the average electron ranges, which are
only good to about 5 percent. Such phenomena as
backscattering, ele., were neglected, The geometrical
correction for edge effects (which is included) is <2
percent.

An experimental value for the ratio of relative efh-
ciencies of carbon and sulfur has been oblained by
Piccioni for the delayed coincidences from gt mesons
ohserved in hard showers. When his data are corrected
for spurious showers actually produced by knock-on
electrons accompanying incident p mesons, the ratio
of the efficiencies becomes

ut detayed coincidences in carbon
£} = 1.084:0.10,
u* delayed coincidences in sulfur

Another approach to this question can be obtained
from the sulfur data alone in the present experiment,
The data for decay times between 1.1 and 2.17usec can
be corrected for u* mesons in this channel by extra-
polating from the following channels. This procedure
yields only one point on the decay curve for g~ mesons
in sulfur, but has the advantage that ne questions of
relative efficiencies are involved. If one assumes that

® Both the main experiment and the susilinry iment
iFig. 5) are performasd in &n apprommately *“fat™ rlzm of the
sea-bevel mwincnium spectrum, This means that m
mesans are 1o 8 sl approximaiion distribnted cvenly 3
e mlsather, The indication of & dip st 26 gfom® may be cased
by a charsciensiic wnomaly in the spectrum at 400 H{"DEOT
A Bogozinski and A, G. Viisls, Compt. rend 230, 2000 {19500
1. Fiscn, Masiers thesis, New York University, 1952 {ungu
lished): E. W, Kellerman snd K. Westerman, Proc. Phys. 500
{Londan) &62, 356 (194957,
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ro = (L664-0.05usec (see reference 32), then one obtains
k= 10,940,230,
When this ia compared to Eq. (1) it implies
E=0.96-4-0.15.

These three estimates indicate that (E) is approxi-
mately unity, but do not permit an accurate evaluation
of this quantity. Tt is for this reason that no corrections
for this effect are included in the g*/u~ ratio [Eqg. (1) ].
While & more accurate evaluation of the present data
awilils a better determination of (E), it will be shown in
the following section that the value obtained under
the assumption that E=1 is in good agreement with the
results abtained by other methods.

VII. COMPARISON WITH OTHER EXPERIMENTS
A. General

An attempt has been made to resolve the ambiguities
concerning the variation of the u* /i~ ratic as a function
of meson momentum and as a function of the altitude
it which the ratio is determined. It is possible to cor-
relate both variations in o consistent way by studying
the p*u— matio as i function enly of meson momenium
(P) referred to the top of the atmosphere (TOA)L®
Experiments selected on the baxis that they provide good
identification of the u mesons have been compared in this
manner; Fig. 6 shows the result of this compilation.
The “selected” experiments can be fitted quite well by
an expression of the form

F Pucrp[“v"_‘l (2
K L]

where P<4 Bev/e (TOA), Po=0.165 Bev/c (TOA],
and K=038

The fuct that the experimental data seem to be only
a function of momenta (TOA) implics that there is no
appreciable meson production in the lower atmosphere
at has been supgested by recent experiments.'”* How-
ever, it will be necessary to obtain date at different
altitudes which overlap in momentum (TOA) before this
can be confirmed. Furthermore, although the decrease of
the wt Ju— ratie with increasing altitude appears io be well
established, the exact values of bath P and K in Eq. (2)
are uncertain in the region below 2 Bev/e (TOA) be-
cause of the large statistical ecrors in the data obiained
at altitudes above sca level.

#fn tha (liscussion that follows, all momenta labeled (TOA)
are ghven ot the top of the 8t . We use the NACA stand-
ard  atmosphers ?:n: W. G. Bramhacher, National Advisory
u[.'ﬂu;;nﬁ:lll:m ;?1' Aeronamiics I::pbl'l Hﬂuﬁﬂ.ﬂlﬁﬁﬁlmh-

1] which appreximaies yearly awerage of a Eaza
I'un-:t'}w-.-l of pressure for lntitade im the Unived Sinies. All
range (altitade in g/om® to momenium conversiona aTe made
mieans of the Princeton tables [E. P, Groes, w&aﬁ
Fonisation Curses  (Princeton Umiversity, Frincelon, 199 i
These are bassd maindy upon the theoretical work of G. C., Wic
E'H'wudmnnlﬂ],ﬂﬂ{lﬂ!]%.hi:hhﬂuﬂﬂ rization efferta.

ayw L. Krasoshsar, Phys. Bev. 76, 1056 (1949).
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wtip” rativ at ~0.8 Bev/c at sea level and at 4 km.
They determined the u*/u— ratio at two zenith angles
in both 1he east and west szimuths. Using their mw
dita we have avernged® over both angles and azimiths
land computed a single */u~ ratio for each altitude.
Their sea-level miasurement conltaing no protons be-
cause the 40 cm of iron in the lens efectively atienuates
those protons of ~.8 Bev/c momenta which were
present in the incident heam. Unfortunately this is not
true at 4 km where prolons constitute ~28 percent of
the total incidest beam at this momentum or ~18
percent of the positive particle beam capable of cavsing
a coincidence. As a result this determination at 4 km
indicates 20 percent more positive porticles than do the
selected exseriments [see following section).

Leighton & ol ™ have chserved 75 p—3 decays in a
leloud chamber with a mapgnetic field at zea level, Of
these events, 12 oocurred in an absorber (o mixture of
paraffin and copper) whose atomic number (£) oould
not be stated precisely, and one occurred in brass. (In
the discussion that follows these 13 events are not
considered,) The rtnuinin.,g decays occurred in carbon
d Bakelite (54 events) or in glass and argon (8 events).
rigue and Peyrou™ have observed 150 p—+f decays
mder 20 e of lead at sea level by means of a cloud
hamber and magnetic field. All of their decays occarred
ither in carbon or glass; but the majonty took plice
n carbomn.

The data of the two experiments were combined
nder the assumption thut all of the decays occurred
in carhon, Thus, allowing for those y= mesans which
would be captured in "carbon,” we compute the gt/
ratio to be

ptlem=10HE004 at  ~2.5 Bev/c (TOA).

 This ratio is based on excellent identification, but
only indicates the trend ot low momenta at sea lével
because of the assumption invelved and the poor
statistical accuracy.

A cloud chamber in & magnetic field with an absorber
placed below the chamber was vsed by Correll Lo
detecrmine: the %/ p- ratio for mesons of 125 to 250
Mev/c momenta at 3.5 km. Electrons were eliminated
vy shower production in three 1-cm lead plates. {two
were inside the :hnmhnr]l prolons were du-umaluﬂ I:u;.:-
range-momenta criteria. In this momenium region
ponfusion with mesons ks extremely unlikely, Although
this measurement has a statistical precision of only 11
percent, the identification is good.

Franzinetti" exposed vertical photographic plates in
I-kilogauss magnetic field at 11 000 ft and identified
he particles which stopped in the plates both by their
wss (momentum and residual mnge) and by their
hatacteristic endings. Since he was primarily interested

® The ratios determined at the two renith angles wese not
e tcn, s St

tom, rrEoi, ¥e. Rev. 758, 1432 {1949).

E?:mmu:mdl: Pmm,ﬂnmpt.mﬂ.m 478 (1951}
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in a mass spectrum of the cosmic radiation at these
altitudes, he included in his u*/u— ratio eight u* mesons
resulting from x*—sut decay in the plates. In using his
resulis we have omitted these sight locally-produced
wt mesons. A histopram of the entrance angles of the
stopped i mesons shows that they were deflected by the
magnetic field before entering the plates; the angles of
incidence are consistent with the hypothesis that these
mesons were nol locally produced. Recently, Merlin
ef al™ have essentially repeated Franzinetti's

ment at sen level. The statistical errors of both experi-
ments: were larges, but the identification was excep-
tionally good.

Piccioni® has performed a delayved coincidence ex-
periment at 3.5 km under 19.5 in. of lead. Carbon and
silfur absorbers were used in 8 manner similar to that
employed in the present experiment. Most locally pro-
duced ut mesons were eliminated by not counting those
events in which more than a single counter was dis-
charged in the first tray of his telescope. (This precau-
tion I8 necessary at mountain altitudes.) Since his ex-
perimental arrangement and the present one are similar,
the same consideritiona employed in reducing the
present data apply.

We have recomputed™ from Piocioni®s mw data the
p*fp~ ratio for these delayed coincidences wnaccom-
panied by hard shower events and find that

ptfpm=0974005 at 209 Bev/c (TOA)

Becawse of the possibility that locally penemted hoird
showers can contribute extra p* mesons to the data,
thig ratio must be considered only as an upper limit.
There are two other experiments which tend to point
up the various efects mentioned above, althsugh they
do not do this directly. In one of these expenments,
Ticho™ has measured the composite lifetime of the
natural mixture of cosmic-ray mesons inaluminum both
at sea level and at 3.5 km. Since the ¢ mesons decay
with a considerably shortened lifetime in aluminum, a
itecrease in composite lifetime with altitude is consistent
with a decreige in the g matio with altitude, al-
though the precision of this experiment does ool permit
definite conclusions to be drawn. In the second, Brode
has reported a continuation of his sea-level magnetic
lens experiments at 3.5 km altitude™ Although the
reported ratios are diluted by an overcorrection (see
the discussion abowve) they show that the rmbio décreases
with altitude, and that the altitude varation can be
represented 45 a momentum variation, since the addi-

" Merlin, Vitale, and Goldschmidi-Clermaoni, Nuorvo cmento

¥, 412 (1952), X

™ Piecionk lhll.rhzmnllﬁ:mn:n[!*muuuh
sistlir s well as the te lUetime of 4 mesons in carbon was
3, 2s8e¢. The carbon/sulfur mtis thys obisined comresponds to
B = 1.2, This Is actunily the ratéo for delay times greater than
i Bpzec and nallgﬂm 1o the zero-time extrapolated valuee

the same.
MH. K. Ticho, Phys. Rev, ?l 'HH (1947,
“ R B. Brode, Phys. Rev. 78, 92 (1950).
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Monnemaker and Street™ have vsed o doud chamber
at sea level to study the momenta of singly occurring
particles which traversed 140 g/em? and stopped in an
additional 88 gfem® below the chamber. This appamtos
ia somewhat similar to that of Comell's" bol no
“shower plates" were provided in the chamber. The
momentum cutoff is that of g mesonsa; however single
|electrons could not be distinguished from p— mesons
over most of the region of momentum considered.

VIIL COMPARISON WITH THEORY

Interpretation of the well-known 20 percent excess

of positive mesons observed at sea level is gencrally
based™ on the model of & primary rediastion consisting
exclusively of protons which prodoce charged mesons
upon colliding with air nuclel. Charge conservalion
then leads to the generation of more positive than nega-
tive mesons. That the simultancous preduction in the
rimary collision of charged nucleons may upset the
argt balance 5 not usually considered, Thus, it is
t surprising that this simple picture & nol entiely
ompatible with the results reported in the present
per. In fact, no theory of meson production is success-
ul in scconnting for the variation of the gt/ /u~ rtio
t mamenta helow 4 Bev/c (TOA).
One theory, based on plural production of mesons®
been proposed recently by Caldirola of o™ The
heoretical svamulion of the p* /o~ ratko af sea level does
t fit the experimental points too well below 4 Bevy/e
TOA). This theary alsa predicts that the i /u— matio
hould increase with altitude, which is distinctly at
ariance with the present resulis.

Dhiher  models, based wpon  multiple-production
thearies™® grve distributions of the ratio which viry
with the inverse square rool "7 of ihie meson energy,
I'he poor agreement belween the experimental resolts
and these theories probably lies in the fact that they
are applicable only at sufficiently high onergies.

“‘:5']3- M. Mennemaker and J, €, Sireel, Phye Rev, 852, 504
& j.J'r. Catbon and M. Schein, Phys. Rev: 59, 840 (1941)
W, Heitber and L. Janoesy, Helv. Phys Acia 23, 417 (1950,
=P Cakfirods of o, Noovo coinenta 9, 5 (1951),

W, Heisenberg, Mature 168, 65 (1040},
“ E. Fermi, Prog. Theoret, Fhys. 5, ST0 {150y,

M. Cini and G. Wataghin, Muovo cimento T, 135 {1us0),
# | ewis, Oppenheimer, apd Wouthaysen, Five, Rev. 73, 124

3
0 [Tri Habir-Schatm, Phys. Bev, 84, 1199 {1U51)
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Puppi and Dallaporta™ have attempted Lo construct
i phenomenological theory to describe the momentum
dependence of the ratio at sea level. They assume that
the positive excess of mesons generated by the pri-
maries is cither uniformly distributed, or a stowly vary-
ing fonction of meson momentum, According to their
picture, the initinl excess is diluted by mesons produced
throughout the atmosphere by secondary nucleons.
These secondaries consist of approximately equal num-
bers of protons and neutrons, and, a3 a consequence the
serond generation of mesons shows no excess. By using
Sands™ duta for the production of slow mésons i a
function of altitude and choosing 55 gfcm® os the mean
free path for inelastic collisions of the nucleonic com-
ponent, they obtain a rough fit to the experimental
points at sea level, They conclude that better agreement
wonld be obtained if they considered the small excess
of neutrong in collisions after the frslj this would
diminish slightly the computed values at low energics
and bring them more into agreement with the experi-
mental ratios. Diespite the good agreement at sea level,
this theory must be treated with reserve since the dilu-
tioh parimeter would reguire the pasitive/ negutive
ratio to increase with altitude or at least rémain rela-
tively constant.

The preponderance of negative mesons in the region
helow 2.25 Bev/e (TOA) can beattributed ta theaction
of the incident neutrons contained in the heivy particle
primaries.® (These neutrons constitute ~325 percent of
the incided sudesns and are predominanily of low
energy.) It is difficult to obtain more than a qualitative
explanation of the ohserved momentum dependence of
the g%/~ oitio since little 15 known about the relevant
crogs sections and modes of interaction, even at those
vitlues of momenta which are accessible to present day
acoelermors.®
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