PRETACE

Investigations, both theoretical and experimental, on
slectromagnetic interaction processes of leptons have
been ocarried out for many years. The importance of sush
investigations te due not only from the point of deter-
mination of intermetion in these els stromagnetic processes
betweenn fast leptonas and mattar dut alse to the poasidi.
1ity of testing quantum olutmdy_nniu(m) st very high
energies, New experimental facilities are now availadle
to inoremse the possidbilities of experimenting with high
energy electrons and positbons. For example, oo0lllding

als ¢ctron-eleotron and eleotron-positron besam sxperiments
are being carried ocut t¢ verify the high energy predio~
tions of QKD, Experiwents, using high energy muons to
atudy electromagnetic interaction processes and to prove
QED at small distances have been carried out in the past,
AlXthough there has bsen considerable progress in this
sxperinental domain but still there are some diffioulties
and prodlems thst have remained unsolved., We are conocerned
ire with high enerzy electromegnetia muom interactions
with mattier and the test of electrodynamies with muons.
The important high energy interaction processes areidireot
suon-electron knook on collision process, bhremsstrahlung
proocess 0f muon in the coulomd field of atomic nuelei and
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direct production of peir of eleotron-positron (DIPP) by
muons in the coulomd field of atomio nnolii and electrons.
The muon IFP process is the main subdject of investigation
in this thesis. The present status of the theory of DPP
proesss appears t0 be higher than that 0of the experiments
80 far reported for this prooess. In the latest theore-
tical developments, derivations of oross section czpri:o—
ione have besn madie with high methematical rigour. Bhabha's
(1935) theory of DPF process and other similar treatments
were done mors than 35 years ago. Bhabha's theory and aleo
theory of Rasah(1937) have been used extensively in the
prxt, BExoept in onj osse of theoretical review with expe-
rimental investigation by Wright (19%3,1975), the recent
exa0t oaloulations (Kel' ner, Eel' ner-Kotov, Kokoulin
Petrukhin (XP)) have not been used in previous experiments.
It appesrs desiradle to make a eritical evaluation of old
and new DFP oaloulations in order to understand the degree
of improvenent attained at present and to know inter-rele-
tion among various trsatments.Probably there is aleo a need
for a eritiecal reanalysis of past experiments on DFP process
in view of new theoretical results and more precise data
on muon spectra both at ses level snd underground, Buch &
reanalysis of the existing experimsntal dats may help
evaluate the reliablity of available theorstiocal cross

aonfiunc.
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A% the University of North Bengal (1962 ~ ), we made &
new start in 1970 in organising some ressarch sotivity
in the field of high energy muon interactions. It was
not possible 4o think in terme of such large squipment
installations as are in use in a number of projeots
abroad. We started a project in collaboration with

Prof, M, 8, 8inha (Investigator-in.Charge, Department

of Atomioc Energy Project, Durgapur) by taking on losi
sone DABR equipments from his project. The equipment ie

& medium sise (85 cn x P& om x 50 om) multiplate oloud
chamber with ita acceasories. In a previous underground
investigation under the DAER project, the sane multiplate
cloud chamber was used to study the electromsgnetic in-
teractions of muons at & mean energy of about 3) Ge¥
(Chaudhuri 1970). The squipment was transfered to N.B.U, -
early in 1971 and then suitably housed and set up after
& aontinucus struggyple for nearly 2 years. A large area
scintillation counter contrel system was construsted
during 1970-1971 for measurements of directional inten-
sities of cosmic ray muons. This system was then oombined
with the multiplate olowd chumber apparatus for investi-
gations of intsractions in different target materials of
high energy cosmio ray muons from greatly inolined 4ireo-
tions. The main consideration in undertaking this projeot
was that interaction study at inoreasing primary muom
energies could bde made by operating the multiplate oloud
ohazber at ground level in several senith angles. As
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alresdy t@nttén.ﬂ. our interest in the present investigation
1s on the IFP proceas of high energy muons in 4ifferent tar-
get elements, A summary of work done in the 'mme and
deseribed in the four chapters in the thesis i» included

here.

CHAPTER 1

In order t0o bring uptodate o0lé¢ and new theoretical work on
DPY process snd to evaluate the status of the theory of
DFP process, a critical analyeis has been made of important
DPP oross section formulme, The most familier and exten-
sively used treatment of Bhabhe among the earlier trdat-
wents was inoluded for miuation of the oross section
results. The inclusion of Bhabha's treatment has been

nades with 2 visw to understanding the degree of improvement
in the subsequent caloulations. The first QED oalculation
by Peynman-Dyson (¥D) method ( Murota, Ueda, Tanaka(MU?T)
(1956) ) whish has been used for comparison in nxporinntd.
megsurenents sfter 1957 has been discussed with reference
to the important crose seetion resulis only. More exset
arces segtion formulase according to very recent calou-
lations (Ternovakii 1960, Xel' ner 1967, Kel' ner-Kotov 1968,
Kokoulin~Petrukhin 1971) have been svaluated. .

Approximate oross section formulss (Kobayakawa 1967)
¥right 1973) have alwo been inoluded for exsmination.
Numerioal evaluation of ocross ssctions according to various



caloulations has deen made for the purpose of cheocking
over s wide range of energy transfers in low, medium
and high 2 ntonb. The contribution to the cross sections
from orbkital eleotrons qﬁer complete sersening has bdecn
included. Such contribution in case of low £ atoms is
about 20€. The sxamination of the computed data shows
smong other features the following:

(1) Bhabba oross seotion in the lower energy tramfer
range is not worse than QED ealculation of NUT(19356)

| consldering closer agresmsnt of Fhebha results with the
exact results fros latest treatments.

(2 Ternovekii (19560) oross seetion agrees closely with
MUY (X =1) croes section over an ensrgy transfer range
which widens with increasing primary energy starting from
an energy tranafar of about 80 MeV.

(3) Thers is sgresment among prediocted oross sections
aceording to csloulaticns of Xel' ner (1967), Kelner~
Kotov (1968) and Kokowlin Petzukhin (1971) upto an energy
transfer value half the priaary ensrgy.

(4) The approximate oroas section formulae give oross
sections higher than the values predicted by the onl-
culations on whioh these formulas are based.

A representative selection of mumerical oross section
data in tadbles and graphs has been inocluded.
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OHAPTER 2

A resssessment of the past investigations on DPF process
has deen made through a reanslysis of indévidual experi-
aonts. It 13 found that some experiments are conflioting
and only a few help chesk the theoretical ercss sections.
The reexsmination of the data of these experiments has
been made by taking latest theoretisal ecross section
results (KP) snd the imoldent muon spectra from latest
Kessurenents, In the cxﬁcrinontl in which a distinetion
was not possidble between direot muon-elesctron knock om
events and IPP events, the combined theoretiocal cross
segtions of thess processes were taken into account for
interpretation of the svailable experimental data. Our
re~exsmination of two such experiments (Allkefer (1971)
and Binns (1972) ) has showm that the data of Allkofer(1971)
are in excellant sgrecment with the theoretioal sxpsota-
tions from P theory. for DPP process, Bhabha theory for
KO process end Christy Kurske (1941) theory for hremss-
trahlung process. The ploture in case of experiment of
Binna Kearney(1972) 1s different showing s systematio
éiscrepancy between the observed and expested number of
events almost over the whole range of energy transfer
investigated. Tt is unlikely that this discrepency srises
from the fallure of the theories of the interantion pro-
cesses. In & few experiments (Das and Sinha (1967),
Ohsudhuri end 8inha (1965) , Kearney and Hasen (1965))
the multipleate clcud chamber measurement data were
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snalysed after seperating out events of direct muon-electron
xnoek on collisicn. The resnalysie of the first two experi-
ments shows an overall agresment or agresment within sta~
tistical error dars with the XP theory of DFP process
taking also bLrsmsstrablung contridution into socount. The
recent experinment (Jain 1974) with 15.8 GeV/e scoelerator
nuons in emulsion {Z=21) givss a oross seotion of
Oamb/nucleus which is smaller dy more than a factor 2

than oross segtion expected aceording to various theories
©% tbe DPP process. This result is in total dissgreement
with the dets in the similar energy transfer range for
copper (2m29) in the expériment of Des snd Sinha (1967)
wad the results of the present experizment {(Chapter 3).

The resnalysed data are also given in tadbles.

CHAPTFR 3

The present axperimentel study of the DFP process of high
energy muons is descrided. A multiplate olowd schamnber with
contrel arrengezent of s narrow angle plastic sointilliation
counter telescops was designed $0 obeerve intersctions of
nuons from large senith angles, In s previous investigation
(Chaudhuri ang Goswami 1970) the same cloud chamber was
operated underground for the study of high energy muon
intersotiong. The sea level odservation was made first

&t the vertigal direction and thcﬁ at two zenith angle
ranges (40*.50°, 70*.80*) under the coineidence seleotion



viii

system for single partiocles. The basic data on m events
produced in thin (1.5 wma) aluminium, copper and lead tar-
gets (tsdle 3.1) have been analysed, for energy transfer
interval and interaction oross sections., With thin targets
the aifficulty in definite 1dentification of direct ele-~
otron paire was abasnt and errors arising from finite
target thiokness were thus eliminated. Thin Sarget
bremastrahlung may also appear as dirsct pairs, but the
correction for this effect is negligibdh st energy trens-
fer and the target thickness considered. The energy of
the direct palrs was sstimated using newly published
asourats energy loss data of slectrons and positrons
{Werger and Seltser 1967). The total number of direot
pairs observed is 107 with ensrgy in the interval 3 KeV-
30 Ke¥.

Two sets of underground (148 mwe) data whioh wers not
anslysed bdefore were included in the present study. Ons
set of dats .13 for 12.6 gn/m2 iron targets and another
for 70.9 gn/em® lesd target. The total number of events
(pairs and showers) in irom target is 114 and total
muber of showera osbasrved in lead target is 123,

Yor the purpoes of sstimation of energy of svents, s
oritical examination was first made of the svailable
relationship between shower-maximum and shower energy
aceording to convemtional shower theory under spproxims-
tionB, new shower theory of Thielheim Sollner (1972)
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shower tasstmenthocording to Mante Carlo method (Orawford
and Messel 1965) and shower theory of Bujs (1963). Xt 4
shown that shower energy estimated by Monte Jarlo method
ie above the results from other snalytioc methods by a
fastor of about 2. It ie aleo shown that results under
approximation B of gonventiona) theory are within 30%

of the results from the theory of Thielheim and Zollner
(1972) whe used exmo% interaction oross sections instead
of amgaptotic values used in conventionsl shower theories.
For shower development in iron and copper we have used the
relationship between shower maximum and shower snergy from
the conventional shower theory under spproximation B, The
experimental oross section dats derived Lrom 2ll seds of
observations have been pressnted and, for ewvaluation,
sxpectations ascording to the theordhs of the various
processes involved have alas¢ been included. These data
have been used to study(1) the dependence of the DFP
interaction ocross section on enaxrgy transfer in a range
from 5 Me¥ 40 16 Ge¥V, (2) depsndence of interaction eross
ssotion on primary muon energy (3) the dependsnce of in-
teraction oroes seotion on the ratio £(Zean)/A. The energy
transfer dependence of DPFP interaotion oross section at
very low energy transfer is found to be reasonsbly in-
terpreted by the latest theories and also by the original
theory of Bhabhs, In this energy transfer region NUT( « =2)
cross sections are above the experimental values



{experimental error bars touching them in some ceses). At
nediunm and higher energy transfer, thers is no discrepancy
between the data and expeotation oonsidering contridutions
from all the three processes involved. The trend of beha-
vior of the data is samdlfor doth low, medium and high §
elementsn. The oburnq Wahavior concerning depsndence on
ﬁriury energy and on target material is in scoordemce
with theoretical predietions. An soccount of systematie
srrors and corrections considered in the anslysis is

1!01““0
OHAPTER 4

The absclute intensity of the hard component {muon) of
cosmic rays at sea level is a datum used as a atandard
in cosuic ray work. The standard valye that was used
extenvively before 1570 had been derived(Rossi 1948)
from mesgpuremsnts made mors than 30 yesrs ago {(Greisen
1942) . Very recently, new measurements have been made by
using sophistiocated equipment by seversl workers(Allkofer
st &l 1970, 1971,ASnton 1972, Oroocks 1971,1972;Karmakar
1973, De 1972, ¥Ng 1974, Ayre 1971, 1972). The firet of
the recent measuremsnts by Allkofer et al indicated a
disorepancy of about 2%% between standard integrsl value
and their meamredcrislues of inteneities at 1 GeV. Sud-
sequent meagurement by other groups have been made in an
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effort to oheck the results of Allkofer et al.

An gcoount of the measurszent of vertical cosmie ray muon
intensity made at ¥BU campus during (1972) is given. A
very narrow angle scintillation counter telescope with
arrangenent for exclusion of inocident showeras was used
to uca-uri absolute integral intensity in the minimum
momentun range (0,352-2.7) Ge¥/o. In the evaluation of
absolute intensity,the efifect of multiple scattering in
the absorber material within the geometry ( fig.(4.1))
and other corrections for instrumental srrors wers takem
into account. The basic data ind the finsl adeolute ine
tensities after various corrsctions heve been given. A
comparison of the present results ie given with the sarlier
measurements and aeparstely with the recent nmessurements
taking into account the effect of 11 years aycle of solar
activity and latitude effect. Almist all the earlier mea~
sureuents disagree when correated for latitude effesct.
The recent measursments corrected for latitude effect
excopt two or three (Bhattacharjee 1970, Fiint 1973,0rookes
1969) show olose agresment confirming the relisbility of
recent measurements at Aif7erent geomagnetio latitudes.
This comparison thus confirme that original standard
absolute intenaity at 0,33 OeV/c and 1 GeV/c are at least
10% and 20% respectively smsller than the intensities now
determined.
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In the earlier and more recent works, both experimental
and theoretioal review, there were gaps and difficulties.
In the present work, snfd svaluation of important theore-
tical treatments is Turther extendsd covering existing
linitations. A reanslysis of the exieting umrmntn
hae been made nors eritioally than was ever A4one
before, The present measursments give hew results
sugnenting and filling up the gaps and olearing ¢o

a considerable extent the confusion that persisted eo

long,.



