_ PREPACE

There has been consideradle advancemsnt in experimsatal
research in the field of high energy lepton-nusleon intersstion
prosesses. The great sdvances in the experimental testmique
have led to several experimental cosmic ray lepton-nugleon
favestigation progremmes which are either in progress now or
asar in; eompletion, Seversl suoh inelastio lepton-aucleon experi-
ments have been oompleted using either cosmioc ray muons or
sccelerator prodused lepton, both slectrons end muoms, with
snergy upto 18 GeV. At higher energies unsttainable at present
by sceelerstor, very high energy cosmie ray muon experiments have
been undertaken by several experimental groups using large eomples
installation of sophisticated equipments. |

At the new university of North Hengal a new start was
made in 1919 in organising some research mtvlty by engaging
interest in the area of high energy cosmic ray muon interastions.
It was not possidle to think of any sophistieated equipments for
ressarch and gffords were naturally centered around simple
and small apraratus based on multiplate oloud chamber in comdime~
tion with seintillation counters. A proposal for ressarch in

oollaboration with Prof, M.8. Sinha (Investigator in charge,
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DeA.B. Project, Regionsl Engineering College, Durgapur) on "Studies
on interastion of mearly horisontsl muon im a multiplate elowd
chamber at ¥.B.U." was made t0 the Departuaent of Atomic Enewgy,
m& of India, The D.A.E. approved the project and issued
the multiplate oloud chamber appavatus on loan %o N.B.U. Thie
spparatus was duilk in a previous D.A.3. Projeet under Prof.
¥.S. Siaha at Bose Institute, Osloutts. The eloud chasder equip-
ment from Prof, M.S8. Iiahn' s DuA.3. laborstory, Durgapur was
tranafered to ‘l.’l.ﬁ. in 1971, After a continous struggle for
obtaining the sikisum facilities the equipment was housed and
set up early in 1973 for the proposed investigation on interso-
tions of high energy muons from greatly inclined direstions,

The nain eonsideration in undertaking the work was
that the interaction study at graduslly increasing \muon energ- |weom
ies oould be made by operating the uppmﬁu at ground level in
several smgles to the vertioal) direction. The aim was primerily
oR muon-nuclear intersotions snd direct production of electron
pairs in different target materials.

The work descrived in this thesis is concerned with
#uoR nuelear intersctions wnly,
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There are several interesting theoretiocal proposals
conoerning inelastic lepton-nucleon intersetion prooesses.
These are 'scale invariance', 'vector meson dominemce', 'Regge-
Pole theoxry', There .un sleo other theoretical formulstions. The
trends of the dehaviour of various theoretiesl proposals are im
need of a oritical study. In most of the past investigationg,
one or other earlier Sheoretical proposals wew:taken for the
interpretation of the experimental dats. The previouspublished
works contain only frageentery me on the relative
status 52 the varisus theorstical propossls snd their eoxblat-
ions. The state 0f the theory of the inelastis lepton-nueleon
o0llision process has to be evaluated by using the observed
data for a clear understanding of the proosss.

The work desorided in thie thesis includess
(1 A gritiesl evaluation of a number of theoretiesl

formulations on inelastioc leptom-nucleon collision (Chapter 1)

(2) A resmalysis of the important past experiments on |
inelastieo muon-nucleon imteraetion processes (Chapter 2),
(3 Desoription of an experinmntal invebtigstion using

mm.mmmmmwmumnmmmnu
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of the recorded dats on nuclear interactions, alr showers
eontaining penetrating particles snd parsllel multiple auons
(Chapter 3) |

(4) Desoription of abaolute messurements on direetional
intensities Of muons at senith sagle up to 89° (Chapter 4)

It is relevant to present here s summry of the work
dome|included in the thests.
Chapter 1.

The initial Williem-Weisioker seni-glassical formule-
tion on the coneept of 'virtual photon exchange' in the high
energy lepton-nucleon inelastic process has been deyvived for
understanding of the underlined physical processes. The lisite~
tions of the method €0 ealoulate the 4ifferential eross seotion
for muon-nuclesr intersction have besn pointed out, The quantum
eleotrodynenical treatnet,using 'single photon m' have
baen driefly mentioned for evaluation of the gorrespomding
differential oross seotion formulae. Only the orose ssotion
formulae are given excluding the details of oaloulation, The
theoretical treatnents used two ‘strusture funotions' related
to traneverse and longitudional virtusl photon-nucleon



oross sections. The snalytio forms of thiw cross Mm have
not bDeen obtained in these treatments and approximations about
tmi eross sections have deen made. These approximations bring
in the differential lepton-nusleon eron seotion formulae, the
*gquared mucleon electromagnetic form factor', The 'seale
invarience sonjecture’ of J,D. Bjorken in the behaviour of
strusture function (alsc called inmelestie form fastor) of
Drell and Valacs is discussed. The virtusl photom-musleon
interactions via vestor meson is disoussed. The use of this
model im the Drell and ¥alaoa formulation under approximation
for transverss and sealer virtusl photon 'oross seetion leads %0
s differential oross seotion formula containing the square of

£ =memon propagator,(The contridution of other veetor mesoms

w end P are mot ingluded in the formulstion). Sakurai's

p =meson dominmmoe caloulations of transverse mmd scsler
photon oross ssetions hawe .bm used to obtain differential
lepton-nucleon eross section formula geomtaining ¢ -meson
propagator in the first power, ‘!hl region of applicability of
the veotor meson dominance model is disoussed., The extensive
aumerigsl computations have been made of the differential and
integral oross seotions for the wuon-nusclieon inelastic oross

seotions according to (1) Kessler formulation (EQ. 1.46) with



the form factor wnder factorisstion sprroximation of total
virtusl photon cross seotion. (41) Kobayakaws propossl (Eq. 1.52)
fox the DION forsulations (Bqi 1.50 & 1.51), (411) Sakurai's
p=negon dominende wodel (Bq. 1.79). A represemtative selection
of numericsl data are given in tables (1.t - 1.21) and graphs
(1.5 = 1.32). These show gorslastion among the different
theoretical proposals.
Chapter 2,

Most of the past experimemts of multi-pion produetiom)
in high energy muon.-micleon ¢ollision are resnalysed using our
computed values of theoretiesd éross seetions ineluded in
chapter 1. In the sarly expeviments ¥illimmg-Yeisacker appron-
imation formula was used for the data interpretation. In someof
more recent experiments #ithuthe initial formila (Bq. 1.4f)of
Kessler & Kessler or DMN form faetor aprroximation formulac
(RBq: 1.50 & 1,51) wajcused and %04k the formulae were wsed in
two or tm. umrtmu.v In the undergrount oosmic ray experi-
nents the assumed differential muon speotrum had uncertainties
abous the exponent and the mesn energy loss rate fn the penstra-
tion depth of muom in the roek.In the pressnt work the undergr-

ound muck speotrum in esch of the past experiments sonsidered
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wae cmm from reoently messured vertical ground level
speotrun and the new results (Kobayakaws,1973) for muon energy
1oms rate in the roek. Our resnalysed cosmic ray data explained
(1) the status of previousmeasurements (11) ocomsistensy or
ineonsisteney of the data with each of several theoretical
proposals under eonsideration, Some recent seselerator data
have desn resnalysed, The vector meson dominamee model was not
applied in the(Kirk et al 1969, To amalyed their 103 Gev | ™ °f
muon data they used the formulstion of Hand & Wilson (as quoted

in paper of Kirk et al 1969) snd analysed the data with two
extreme limits of scaler virtual photon eross seetions; the

soaler virtual total photon oross section was sst equal to
Sransverse virtual total photon oross seetiom and ‘ransverse
virtusl total photon exoss seetion was sst equal to sexv.

Jain et a) (1970) in their final experiment with 10.1 OeV and 14.6
GeV awon found results in confliot with earlier resulds of
Dieterie ot ) (1969) at the same muon energy. Ye have shom

that the data of Kirk et al (1969) are in general agreement

with the predictions of vestor meson dominsnce. The 14,6 OGeV

data of Jain et al (1970) 1lie detween the prediotions of

v B 4 mode)l and those of Xessler under the fastorisation
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hypothesis of total virtual photon eross sestion. Ve have
pointed out that the measuremsnt of very small (<< equare
of the mags of muon) squared four momentum transfer in the
nuclear englaton 1ff the sudject t0 wneertainty and the
behaviour cbesrved in Jain ot al (1970) below 0.02 Ge¥ may
be due to some error, |
Chapter 3.

A multiplate eloud chamber with eontrol arrsngenent
of plastic seintillator counter telesoope wes designed to
study at aea level at large senith angles the aiy showers
inocident om the apparatus, parallel muon groups and interactions
of muons in different #0lid target materials placedwithin the
apparétus. The observation was made firet for mwons from the
vertisal direotion mmd then for two x senith angle ranges
40°% 30° ena 70°% 80° respectively. The cloud chamber operatiom
was oarried out under thres fold coincidence selection systes
set for singly ineident particles. At 70 80° genith angle
range, the apparatus was in operation adbout 1229 hours
(sensitive time}. The baste data of observations at three
direstions are summerised mnd en snalysis 0f nudlear interaetions,
ineident alr showers anéd parsllel miltiple particles is given.
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The observed frequensy of nuolear intersstion as a fumetion of
menith angles indicate that the observed interaction svents at
70% 80° senith angular xange should be due %0 imcidens mwoms
only. By applying eonsiderations for protons and pions eontri-
butions the observed muolear events at the vertieal snd #0°- 90?;
senith sngular observations, mucn induced muslear intersetions
were found to be negligidle in mumber. Taking the nuclear
interaotions at the 70°% 80° operation as dus to muons the
integral oross sections have becn evaluated for ivom, lesd and
oconarste ( Z ~ 11) and integral energy trmnafer spectrum for
iron and lead have deen presented alomg with the predieted
spsctra assording to v m 4 model. Our expsrimmmtal dats seemed
10 be consistent with the idea 0f vestor meson dominamse.

The showers from the stmosphere oontaining penstrst-
ing partioles (penetration of 2% redistion length at the
vertical and 40°- %0° operations snd 65 radiation leagth
during 70% 80° operation required of the indidemt partieles)
and parallel muon mupui have besn snalysed separately for
the variation of their frequamoy with ssnith angle, Both the
phenonens show the ssme trend of behaviour and are examined

together for an interpretation in terms of nuclear intersction



alone and then nuclesar intersction and muon dremsstrahlung
processes. It is showm that iho observed frequeney is too
high to be explsined solsly by muon-nucleon inelastie process
for s muon spectrum extended wpto 10 TeV, If muon bremsstrahlung
process is ineluded, the observed frequency st 70°. 80°
senith angular range is found t0 be ¢losed to intensd ties
oaloulated for . range of effective thickness'of the stmosphere
for producing showars,the sise range is 102 108, |

Ar showers from nesrly horisentsl directions
(ealled HAS) and parallel muon groups have been the curremt
Vories of investigation. The observed features of HAS in the
current studies by the Tokyo group (Matano et al 1963, Hars
et al 1970) and the Xeil group (Bobm et al 1970, Nagano et al
1971) have led t0 several interesting propossis (Ohapter 3,
Beo. 3.9) concerming the production process of HAS and their
parent particle. One of the proposals 14 muon-nueleon inelsstis
uumucu prooess taking place at high ensrgy with inereasing
oroes section is responsibdle fo;; HAS events, The events
*parallel muon groups" have been o&mu by esveral workers
underground (Rogers and Wyight 1973) and by Roger;et al(1969)



st seversl senith angles at sea level. The underground dats on
this event have been snalysed by Barton & Stckel 1968 and
Rogers and Wright 1973 using semiemphirical expression of
Greisen (1960) for muon in air showers.

By treating the observed muon groups as remmts of |-
alr s:owers aud comdining them wish air showers, the preseat
analysis of these events gives an independent explanation.
This explsaation is in suprort of that of the Durham group
(Alexsnder ot al 1970, Kiraly ot sl 1971) and of Bohm and

Bagsno (1979)

Chapter 4

The ourrent intereat in the abgolute measurement
of dirsotional cosmic ray muon intensities 13 discussed. A set
of independent sbhsolute measurements of muon dirsetionsl
intensities at lower geomagnetic 1atitude (15°K) nas deem
sarried out by using simple instrument. The method adopted takes
into agoount a number of important faotors ineluding (1) the
effect of inoident showers on the apparatus,(2) effect of i
ple soattering of low energy muons im the absorber meterial

within the apparatus (rig. 4.1 & 4.2). Avsolute asasurenents
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have deen gsrried cut for seversl Giﬂ.ﬁ-ﬂll‘Of suon insidense
from vertical to the direotion to 89° senith amgle. The large
intensity dats are considered something new in this field,
The status of the early measuremsnts in relation to more resent
meagsurenents hai’ been examined. A reassessment of all the
ourrent vertical intensity messurensnts have also deen nade
%aking into socount latitude effeot, the effect of 11 year
eyole of solar activity to find that theve ;a & good agresment
of vertical intensity data among the higher latitude experinents
of Ng et al 1974 st 57.5° N, Allkofer et al 53°N, Aston et al
57.5°% snd the present work at the latitude of 16° N,

The previcus measurements at large semith angles
are compared with the present measurements snd also with
Mrﬂim prediotions ascording to expected intemsities,
ascording to (1) recent rigorous caloulation of K. Maeda (1973)
on conventional pion to muon decay model and (2) caloulation
of Aston et al (1966), All the experimental data over the
range of senith angle upto 90° suggest all muon productiom in
the atmosphere from pion decsy and support the assumption of
snergy-dependent inelastic oross segtion for cosmioc way
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hadron-aucleon intersctions and other asmmptions made in the

nodels of osloulations.



