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ihe Abcorcotion Yean Free FPath of the High Tnergy ‘ucleonic Commonent

of Coardic hndintion”
ty
¥, Yarlom, deie Klome, DoV, Ritoon and .0, Yalker
Unlverrity of Eochester, lochester, Mew York

Two glrilor emision é}myl chanbers: conaieting of 25 alternate
Fm lead nlates ard 250 (=5 emlsions vere evnoced to the cosmic
raliation, Onez stacl wag exmosed for 30 days at 10,700 feet at Feho
Iake, Colorzdo with the olanes of the emulefons =1l lend vlates 2
an andle of 5% with the vertieal, the other was ewnosed for 6 houre
nt 00,0 feet =t “Lite Tands, KFew Mexico with the nlanea of the
émﬁi =iong 0?1 led ~lates borizontal. These two emulsion cloud chame
ters were use! ©9 obtain flur measurcments of the nuclesr interacting
cemnonent of the cosrde radintlon for emerpdes = 1(\12 ev.; the data
cbbzined was used to determine the ancorotion mean free oath in the
atmoantere { )\3 for this engrzy reglon.

Since the emicion cloud chasder da not o uni-directional detecte
ore o froes Trwmafornation mat be used in emrluating the dats., TFive
nuclesr interitions vere obzarved fa a systemtic survey of 105 cm2
of emlslon in the mountadn etack, and Fiftcen such interactions were
obgerved in a eyetemtic survey of 5 cm2 of emulcion in the hish
altitale etaclx, In cach cace the survey wee ede in an emuleion mide
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wny in the etack. %he solution of the U'ross Praneforsations for )\
wng obtalned by forming a ratio of the transformtion exnressions
for each plate assesbly. Since the sner:y seclection characteristics

of tlece two =tqacks are the cane, the ritio is not denendent uron the



enerey of the interactione. Tnergy dcterminations of the interactlions
vere mtle Dy methods orevionsly usald 1’02; this tyoe of exnonurets
Tirure 1 chowy the exnression involving the‘ Crose Jranaformtions of
the two stacka, i%s solutlion, =nd the result obtatved for h o In
the evpression 2ll quantities with cubscript ¢ refer to the hich alti-
tode ataclks and all those with eubserint m refer to the mountaln stack.
B of%g) ond ¥y (%) verresent the nunber of interactions observed in
the two stocke at effective atmosnheric denths Yo and Xy respectively.
ﬁo iz the primry interacting flux ot the top of the stuosohere, the
Alg pefer to the area of »labe scammed for showers, and the 1's are
the times of exmosure of the two stacks. ¢, and L are the depthas in
he abtacks of ?’~ noint of observaticr. 7\, renrecente the interac-
tion zean froe wath of the conbimation of mterlale of the aetacka, and
=150 the ansle with &xe vertic:l of the mountaln otack. & ia the
azimth ansle of the incoming imterscling marticle, and @4, and Sy
are 1imi%s irored by the wininum obrerwmble track length in the »lates.
The remnll fop }\ cbiained here sngrees with the mjority of nrevicus
rc-cu“its obtined by other ewncriseniere at lower w@esz. {Contre-
dictory remlte are glven by fottlieh” ned ﬂtindmombh) » Our result
talen with the crneprally accented reculds at lover cneryies indicutes
that the abeorntion menn free reth in atvosthere ie irdependent of
encrsy from ~ 1008y to ~ 102 ey, Cur pesult io inconsistent with
the value oaleulotod by ¥ilford and Feldy® asouming completely im-
elagtic nucleon collisions. Grelsem ond "*-.‘anaaré bave suggested that a

«2reilble intororetation of such a lobg mecnm free poth is that the ﬂmd:,
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meatal act in the hiéﬁz enerry commornent caecadeo is rather elastie.
Subatituting the wnlue of )\ obtained here in the Cross Trans-
formtion for the high altitvde staclz, a walue of the vrinary nnciecriic
flux at the top of the atzosvhere of N =.20 £.075 ver meter? ver
occond pep steradlan waa obtalned. This veeult is in gpod agrecment
with thet ghven by "anlon and Ritece! for a somevint higher enerveye

Tor a distritution of nucleons ot ccs(’ﬁ the integral primary flux of

nucleons 2t mountaln altitule was determined to be Npm.nMG2,000% pep

roter? ver second ver ateradinm. Tor comnarieon the intesenl orimary
flux of nucleons determined ab wountain altitude assuming an isotropic
atritetion of mclesns was %a.ﬁ?fh&.moé per tster® per second ver
steradian, {Phis reoresents o lowver 1404t on B, at mountain altitude).
The authors ars ludebted to the Aero Medieal Field Laboratorys
liolloman Alp Yores Dase and %o Prof. Mario Ioma of the University of
Denver for assistancs in ¢htainins suscessful exposures. They would

also 1ike to thank Miss Darbara Hull for her ascistance in ecanning

the nlatea.
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In the solutiona' the above eqmtioq}et the constants be revresented by. the ratio A/B. Ve have thens

mc'(‘g),x

’ = — A (“P ] A Cos G ain A C0S Ogin, +( /\ cos @,.,,,1) ( E"( /‘ cos Gw .4) ) )

{4 }‘g Cos @W“-l ’Km ’
L - exp = (/.,_ ACoSQ»u --LI }( ___/_‘_)__F.(..___m o |
v m /\ cos & TN 2 Yan =20 e U B0 e
+ b ’
Solution of this expression with 8, = 15° and 8 = 45° gives A = 12915 gramsfen?. The errors
i ? Qe

were determined from the statistical fluctuations in B \s c\Ac) and H (}L )o
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Flgare 1@ The determination of )\ using the Grose Transformation
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