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ABSTRACT

M.Sc. Thesis

NEW PHYSICS EFFECTS IN B. — (D,, D)¢*¢~ DECAYS IN SINGLE
UNIVERSAL EXTRA DIMENSION

Elif DANAPINAR

Karab Uk University
Graduate School of Natural and Applied Science

Department of Physics

Thesis Supervisor
Assist. Prof. Dr. Umit Oktay YILMAZ
June 2012, 47 pages

The rare semileptoni®. — D, ,¢*¢~ decays induced by flavor changing neutral
currents are studied in the universal extra dimension witlingle extra dimension
scenario, in which the compactification radius R is the ordwrparameter. The
sensitivity of differential and total branching ratio, apdlarization asymmetries of
final state leptons to the compactification parameter isgmtesl, both for muon and
tau decay channels. Comparing with the standard model itagn@d results indicate
that there are new contributions to the physical obsergabBonsidering the ability
of available experiments, it would be useful to study thd$ects in searching new

physics beyond the standard model.

Key Words : Flavor changing neutral current, semileptonic rare desaiyersal
extra dimension, the ACD model, lepton polarization.
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OZET

Y Uksek Lisans Tezi

TEK EVRENSEL FAZLA BOYUTTA B, — (D,, D)t~ BOZUNUMLARINA
YENI FIZ IK KATKILARI

Elif DANAPINAR

Karab tik Universitesi
Fen Bilimleri Enstit sl

Fizik Ana Bilim Dali

Tez Danismani
Yrd. Doc. Dr. Umit Oktay YILMAZ
Haziran 2012, 47 sayfa

Cesni degistiren yuksiuz akimlarla gerceklesedimgarileptonik B, — D; ¢ (~
bozunumlari, evrensel fazla boyutta, kompaktifikasyonggmnin tek yeni degisken
oldugu tek fazla boyut senaryosunda incelendi. Hem miem kle tau bozunum
kanallari icin, diferansiyel ve toplam dallanma oranlaison durumdaki leptonlarin
polarizasyon asimetrilerinin kompaktifikasyon degiske duyarlihgl sunuldu. Elde
edilen sonuclar, standart modelle karsilastiriigadd, fiziksel gozlemlenebilirlere yeni
katkilarin oldugunu gostermektedir. Var olan deneyleionanimlari dusunaldugunde,
bu katkilarin incelenmesi standart model otesi yeni fiziksarmalarinda yararli

olacaktir.

Anahtar Sozdikler : Cesni degistiren yuksuz akimlar, yarileptonik mdmbzunumlar,
evrensel fazla boyut, ACD model, lepton polarizasyonu.
Bilim Kodu : 202.1.149
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CHAPTER 1

INTRODUCTION

The Standard Model (SM) of elementary particle physics Ellirenormalizable
relativistic quantum field theory based on non-Abelian gasgmmetry of the gauge
group SU(3)¢ x SU(2)r x U(1)y. The model allows us to understand the weak,
electromagnetic and strong interactions in the last fewades. In spite of some
conceptual problems, such as the number free parametersoriin of mass,
the hierarchy problem and etc., it has successfully expthiphenomenology of
particle physics and all experiments confirm the prediciasithin the experimental
and theoretical uncertainty. Therefore, it is widely adedpthat improvements in
experiments and also theoretical developments, possgials of new physics beyond
the SM will most probably appear. In order to find satisfagtanswers to the open
questions of the SM some models which are extension of the &¢l, minimal
supersymmetric model, two Higgs doublet model, left-rigytinmetric models, extra

dimensions and etc., have been developed.

Rare B decays are special for providing important data irsthecture of the SM and
particle physics. By the word "rare”, it is meant that ¢ quakot observed in the
final states. These decays include the so called Cabibharessged decays and flavor
changing neutral current (FCNC) decays, i.e. the decaysroga the current that
change the flavor but not the charge of the quark. In the SMnéuwral currents are
mediated through the gauge bosdfysy andg and do not change flavor. Therefore,
these processes are absent in the SM at tree level, they atdta loop level through
the box and penguin diagrams. The loop effects are sensititree masses and other
properties of the internal particles. Some other massivecfes that are not available
in the SM, such as fourth generation fermions, supersymaergrticles, may also give

contributions to these decays.



Throughout the rare decays, the FCNC processes which otdoog level in the
SM provide us a powerful tool to test the SM and also a frametudysphysics
beyond the SM. After the observation 6f — s~ by CLEO Collaboration [2],
these transitions became more attractive and since thi®hiservation rare radiative,
leptonic and semileptonics decaysif ;s mesons have been intensively studied [3].
The experimental data fd8 — K *)¢*¢~ also increased the interest on these decays.
The experimental discovery d@. meson, consists of b and ¢ quarks, by The Collider
Detector at Fermilab (CDF) Collaboration [4], opened a negaa TheB physics

studies will be more complete if similar studies #8f meson are also included.

The study ofB. meson by itself is quite interesting, because of its outstanfeatures
[5-7]. The B. meson is the lowest bound state of two heavy quarks, a bditom-
and a charm-c quark, with explicit flavor. Comparing thesthile cc-charmonium
and thebb-bottomium bound states with implicit flavor, the latter dgcstrongly
and electromagnetically, whereas the decays weakly. Studying this meson in
various decay channels are essential from both experiinemdatheoretical point of
view. The B, decays are attractive in determination of Cabibbo-Koblaykstskawa
(CKM) matrix elementsV,, (q=b, s, d), for checking the perturbative Quantum
ChromoDynamics (QCD) and also they are very sensitive toméwve physics, physics
beyond the SM, because some new particles might give catitiis in the loop

diagrams.

On the experimental side &f. decays, for example, at Large Hadron Collider (LHC),
in pp collisions at,/s = 14 TeV the bb cross section is expected to B0 ub.

In a nominal year running will produc&0'? bb pairs, at the operational luminosity
of 2 x 10%2em~2sec™!, so with these facilities a complete spectrum of b hadrons
including B. will be accessible. A luminosity upgrade by a factor ten tedol
collect an integrated luminosity d0fb~!. This upgrade will increase the leptonic
data by a factor ten. At design luminosity)!°B, events per year is estimated
[8], this reasonable number is stimulating the work on thephenomenology. At

A Toroidal LHC Apparatus (ATLAS) and The Compact Muon Soleh¢CMS),

most of the activities will be continued during the runningninosity of the order
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1032 — 1033em~2sec™! [9—-11]. These possibilities will provide useful information

rare B. decays as well as Charge-Parity (CP) violation and polaoza@asymmetries.

The B. meson has radiative, leptonic and semileptonic decay @snithroughout
these decay modes, the semileptonic ones are especialigsting due to their relative
cleanliness and sensitivity to new physics. In this thesis, will study the new
physics effects in the semileptonic raBe — (Ds, D)¢*¢~decays. In rard3 meson
decays, effects of the new physics may appear in two diffesays; either through
the new contributions to the Wilson coefficients existinghie SM or through the new

structures in the effective Hamiltonian which are abseihéSM.

In rare decay calculations, the main tool is the effectivenift@nian including the

perturbative QCD corrections. The method begins with amaipeproduct expansion
(OPE) and performing a renormalization group equation (R&talysis and the heavy
degrees of freedom are integrated out. As a result of thescan parametrize the low
energy weak processes in terms of perturbative short distéfilson coefficients and

long distance operator matrix elementg; ; ~ > C;0; [12-15].

Considering new physics beyond the SM, models includingaegtmensions are
particularly important because they include gravity anel tither interactions, give
hints on the hierarchy problem and a connection with strimgpty. Those with
universal extra dimensions (UED) [16-19] have specialredebecause all the SM
particles propagate in extra dimensions. Throughout thB #Esimpler scenario with
a single universal extra dimesion is the Appelquist-ChBogrescu (ACD) model
[20]. The only additional free parameter with respect to 3 is the inverse of the

compactification radiug,/ R.

The main aim of this thesis is to find the effects of the ACD magtesome physical
observables related to thi&. — D, ¢+ ¢~ decays. Additionally, we give a SM analysis,
by a couple of figures only. We study differential decay rdwenching ratio, and
polarization of final state leptons, including resonancetgoutions in as many as

possible cases. We analyze these observables in terms obtiygactification factor
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and the form factors. As an exclusive process, the thealet@lculation of the
decays require the additional knowledge about these foctofawhich are the matrix
elements of the Hamiltonian between the initial and the fatale mesons. The form
factors forB. — D, ("¢ processes have been calculated using the quark models
[21-24] and three-point QCD sum rules [26].

The thesis is organized as follows. In Chapter Il, we give iaflsummary on the
SM and the rare decays. Also, we have briefly discussed teeti Hamiltonian
theory and the ACD, including the modification of the Wilsarefficients. In Chapter
lll, we analyze theB. — D, ("¢~ decays, starting from the quark level processes
b — (s,d) ¢*¢~ and calculate the matrix element and the decay rate. Theizatian
asymmetries of the leptons are presented in Chapter IV anlhsh chapter is devoted

to a summary and the conclusion of the thesis.



CHAPTER 2

RARE DECAYS AND UNIVERSAL EXTRA DIMENSIONS

Regarding the open questions in the Standard model and §fscptbeyond, many
attempts have been done. The rare decays are one of theveffeety to gather
information both on the SM and new physics; the extensiotiseo&M and the models

beyond the SM are other tools.

In this chapter, we will first review the Standard model asdituation and importance
of rare B meson decays in particle physics. In the calculations wes hesed an
effective theory in the heavy quark limit and here we willaliss how an effective
Hamiltonian can be built up from a full theory and related & coefficients.
Additionally, the universal extra dimension and the ACD mlod introduced with

the modified Wilson coefficients.

2.1. THE SM AND RARE B MESON DECAYS

The Standard model is the unification of the electroweakriheomd the quantum
chromodynamics and describe the elementary particles lagid interactions. The
electroweak part of the model describes the electromagaet weak interactions of
the quarks and leptons 5 (2),, x U(1)y gauge symmetry where T and Y are weak
isospin and hypercharge, respectively. The QCD is a ve@ogg theorySU(3)¢,

describing the color interactions of quarks and gluons.

The quarks and the leptons together constitute the fernmaodstheir properties are
summarized in Table 2.1 and Table 2.2. In addition to the i@nsthere are bosons
which are the mediators of the forces. The photonhrfiediates the electromagnetic

force, W* and Z, correspond the mediation of weak force, and the glupmediate



the strong force, the properties of which are given in Tab&With the force they
carry and their strengths. Together with bosons, leptonkscprarks are known as
fundamental particles. Each particle in nature has an antitte with the same mass
and spin but opposite charge. The strong force confine theksjaad make bound
states. Those with a quark and an antiquark are called themaassich a$3_ which
consists of(b¢) and bound of three quarks build up the baryons. In the SM, the

interactions between the particles are described by gdegeies [27]. Although the

Table 2.1. The leptons and their fundamental properties.

Leptons (Spin=1/2)

Particle Name | Symbol| Mass (GeV') | Charge
Electron e 0.000511 -1
Electron neutrind v, <3x107° 0
Muon W 0.105 -1
Muon Neutrino | v, |[<1.9x107* 0
Tau T 1.77 -1
Tau Neutrino vy 1.82 x 1072 0

SM is a mathematically consistent renormalizable field th&dich has successfully
explained particles phenomenology and most of the expataheesults, there are
several unsatisfactory features. There are a lot of freesipalyparameters that can
not be computed in the context of the SM. The Higgs sector eftileory remains
unknown so far. The running experiments are expected totaainseful information
about Higgs and the mechanism. The neutrinos in the SM arslesas However, the
experiments suggest nonzero masses. Gravity is not irgtiumdde SM, so it is not a
complete theory of the nature. In the SM the only source of ©GR#on is the complex
CKM matrix elements which appears too weak to derive the mieseasymmetry in
nature. There is also a "Hierarchy” Problem, the differebetveen the Planck scale
( 10 GeV) and the electroweak scal@0() GeV to 1 TeV). These and many other
unsatisfactory features of the SM and/or unanswered aqunsskead the physicists to

search for new models beyond it. The phenomenology of th&weeaays concern
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Table 2.2. The quarks and their fundamental properties.

Quarks (Spin=1/2)
Particle Name Symbol| Mass(GeV') | Charge
Up u 2/3
Down d -1/3
Charm c 2/3
Strange s -1/3
Top t 2/3
Bottom b -1/3

with all the unanswered questions of the SM summarized aisoxexy rich of physics.
Among the weak decays, the rare decays have a particulartiamee for providing
the crucial information about the higher structure of the &Ml also poorly studied
aspects of it, particularly CKM matrix elements, the leptatecay constants, and etc.

By rare decays, we generally mean decays which do not indudguark into the

Table 2.3. Properties of the mediators and the force stnsngt

Name| Mass(Gel’) | Force Carried Force Strength
g 0 Strong 10
7y 0 Electromagnetic 1072
W= 80.40
Z 01.18 Weak 10~13
G 0 Gravitation 10742

final state and can be divided into two classes of transitions

1. The quark level transitions due to the— wu, which are suppressed relative
to b — ¢ modes by the CKM factofV,;,/V,| =~ 0.006. These are called

Cabibbo-suppressed decays. An example is the exclusive moed plv, with

7



a branching ratio o2.5 x 1074

2. A second class of rare decay modes is the transitionsthaiod available at the
tree level in the SM. These transitions occur at loop levelnsequently, rare B

decays, like ours, are mediated by FCNC processes of thékind orb — d.

The B meson systems have several features, which make thilspto study gauge
structure of the SM and CP violation. In the loop diagramsabese of the top quark
there is not GlashowlliopoulosMaiani (GIM) or CKM suppriess therefore, there are
large CP violation effects and mixing possibilities. In doioh, a variety of rare decays
have larger branching ratios which allow us for detail stsdiAs a last remark, large
b quark mass, which is greater than the scale of the strongastten, provides less

important long-distance strong interactions.
2.2. THE EFFECTIVE HAMILTONIAN THEORY

In theoretical rare decays we have to first calculate thesitian amplitude between
the initial B. and final staté D, D) mesons. While doing this, all possible Feynman
diagrams, which give contributions, are considered. Thakwdecays are mediated
through weak interactions of quarks and the strong intemastof the quarks bind
them into hadrons. As a result, the QCD effects must alsokemtiato account. At the
level that is much smaller thaie/Agcp the effects can be represented perturbatively
by the exchanges of gluons. On the other hand, because ajrhaation of quarks
and gluons while moving of quarks over a distance of the oldén,cp, the QCD
becomes nonperturbative. So, to understand the physicéferedt energy levels,
different energy scales must be handled separately. Tloedtieal tool to evaluate the

transition amplitude is the OPE [28].

In OPE, the transition amplitud&1 for, in general, B — f, whereB and f represent

the initial and final state mesons, respectively, can beewis

2

M= TS Vs Ol ) U10013) [1+ 0(T22)]. 1)

W
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Here,O; are the local operators arig are the Wilson coefficients); andC; depend

on the QCD renormalization scale andC; depends on mass of the W boson and
other heavy particles. In the expansion of the above equatiee non-perturbative
QCD contributions are included in the operators while théypbative effects manifest
themselves in the Wilson coefficients. The operators do epedd on the large
momentum scale of heavy particles. The Wilson coefficiemés iadependent of
the statesf and B. Thus, different energy scales appear in this expansione Th
renormalization scale satisfies the individual contributions. The way of choosing
the u scale is that the strong coupling constant should be low gingea make the
perturbative calculations meaningful. In B meson decays usually taken a&(m;,),
wherem, is the mass of b quark. Thedependence in the operat@rg 1) is canceled

by that in the Wilson coefficientS; (1) because the physical amplitude can not depend

on the scale.

A crucial properties of the method is the universality of W@son coefficients, i.e.
their numerical values are the same for all final stgte$hus,C;s can be considered
as the effective coupling constant and thg as the corresponding vertices. So, one

can set up the effective Hamiltonian from the full theory as

G .
M = 7;“ > Visenr Cilpt ineavy) Oi(pt) + hec.. (2.2)

Considering the unitarity of the CKM matrix, fér— s and the processes to build up
an effective Hamiltonian, the effective Hamiltonian ddsicrg the semileptonic weak
decays ofB. mesons in the quark level in the SM can be written explicitythe

following form

40 10
Hegs(b— o077 = = ViVl 3 Ci(1)Oi(1) (23)
i=1

where the operator basis is the same as in [15], and the opeeat defined by



e

07 = 167T2mb (§L0'ube)Fw, s
2 —
Oy = To-2 (507ub1) (07,.0) ,
e? _
O = = (5Lyubr) (y,ysL) - (2.4)

Here,O; is magnetic penguin operat@, andO;, are semileptonic operators.
The coupling strength of the effective vertioc@sis given by the Wilson coefficients

C;(p) and their values at large scale= uy, are obtained by matching the effective

theory to the full one. In the SM, th@&;(uy )s are as follows [12—15]

Cilpw) = 0(i = 1,3, ...6)

Copw) =1
Crlpw) = —5 Dy,
1

Cs(pw) = —§E6($t)

Yo(fft)

Cy(pw) = Py P + iy 4Zo(x¢) + PpE(x:)
Yo(x
Chro(pw) = —SZ,;{L(Q Qtv)v (2.5)

with z, = m?/m?, and
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(83 + ba? — Txy) N x2(2 — 3xy)
12(1 — )3 21— 2,

Dy(x) = —

z(2? — By — 2) N 37
4(1 — .’,L't)g 2(]_ — .’,L't)4

E(l)(xt) ==

(18 — 11lay — 22)  22(15 — 162 + 22)
1201 — ,)? 6(1— z,)1

2
Inx;, — glnxt

E(x) =

Tt | Ty — 4 3[L‘t
Y. = [
o) 8 [l‘t —1 + (xy —1)2 ’I”L:L't]

1824 — 16323 + 25922 — 108z,
144(z; — 1)3

Zo(zy) =

72(z, — 1)t 9 (2.6)

[32x§ — 3823 — 1522 + 18, 1]
Inz .

The Wilson coefficients under QCD from a large scale; .y to a relevant scale for

B decaysyu = m;, can be done perturbatively by applying the RGE

u% Ci(p) = ;w Cy(n) - (2.7)

~ in the above equation is the anomalous dimension matrixghwimdicates that the
operators mix under the renormalization. After the RGE @atbn steps, thé;(u)s
can be decomposed into a leading logarithmic (LL), neXetwing logarithmic (NLL)

and next-next-to-leading logarithmic, etc., parts as

2
s

(4@20@?2’(@ +0(?). (2.8)

S

Qs
Cilw) = 7w+ 2C () +

The first term,CZ.(O)(u), of the above equation gives the lowest order values, the LL
parts, in the SM which are presented in Eq. (2.5). In the LLrapipnation, the
Wilson coefficients for the operato€s,, ..., O; are given by the following equations,

where instead of’; a normalization scheme independent effective coeffidi&ht is

11



defined [12-15],

e 16 8 .
O (1) = 50 (w) + 5 (7723 7723>C( pow) + Z hyn™ (2.9)
J=1

with 5 = 24) and

CYS(mZ)
1 — By2elnz)pp(mz)

as(z) = (2.10)

where in fifth dimensiomy,(mz) = 0.118 andf5, = 23/3. The numbers;, k;; andh;

are given as

14 16 6 12
a; = ( =5 0.4086, —0.4230, ~0.8994,0. 1456)
ki = (0,0,2, 0,0,0,0)),
11
kyy = (0,0,—,—,0 0 0,0),
279
11
ks = (0,0, ﬁ,6,00510 —0.1403, —0.0113 00054)
iy
ky = (0,0, 0 0984, 0.1214, 0.0156, 0. 0026>
ks = (o 0,0,0,—0.0397,0.0117, —0.0025 00304)
kg = (0 0,0,0,0.0335,0.0239, —0.0462, —0. 0112)
31
h; = (2 2096, ~1.088, =, =, —0.6494, ~0.0380, ~0.0186, —0.0057). (2.11)

Including the LL as well as NLL we define an effective coeffitieC;’/, which has
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perturbative and resonance parts.

€55 0) = Caln) (1 () 4 ¥ () 4+ G () 2.12)

™

wheres’ = ¢*/m? and

2, 4 2 oy
w(s') = —§7r2 - gLiQ(S/) ~3 Ins'In(1—s") — ﬁ In(1 — &)
_23’(1+s’)(1—23’) , 54+ 95’ — 65

Ins +

3(1—/)%(1+25) 6(1—s)(1+29)" (2.13)

The perturbative part, coming from one-loop matrix elerseot the four-quark

operators, is

Y(p,s') = h(u,s) (301 (1) + Ca(p) + 3C3(u) + Ca(p) + 3C5(p) + Ce(u)>

— 5100, ) (Cy() +3Ca(m)) + - (3C5(m) + Cal) +3Cs(n) + Col)

1
= 5h(1L,5) (4C3(1) + AC4 () + 3Cs (1) + Ci(n)) (2.14)
where
8 8 8§ 4
h(u,s") = —§1n% — §lnu+ﬁ +§x
Vi—z+1 . — 4u?
2 <ln7—z7r>, forz === <1
— 22+ )1 —? vize-l ,
9 2arctan\/%, for:pz%>1,
8 8 4 4
h(0,8/)22—7—§h’1%—§1ns+§iﬂ', (215)

with u = m../m,.

The resonance contribution due to the conversion of theceaato lepton pair can be

done by using a Breit-Wigner formula as [29],
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TES / 3
Co™(p, s") = ———k Z

M Vi=d Y.

(Vi = {707 )my,
sm2 — my, +imy, Ty,

% [(BCa() + Coln) +3Cs(m) + Cap) +3Cs () + o)) |~ (2.16)

The phenomenological parametels taken 2.3 to produce the correct branching ratio
BR(B — J/YK* — K*(*(") = BR(B — J/YK*)B(J/¢ — (*¢~) and the
normalization is fixed by data given in [30]. There are six\Wnaesonances afc
that can contribute to the decay, the properties of whictsanemarized in Table 2.4.

We will not discuss the coefficierdts () here, which does not enter the Hamiltonian

Table 2.4. Charmoniurftc) masses and widths.

Mesons | Mass(GeV) | BR(V — (T¢7) | T(GeV)

J/U(1s) 3.097 593 x 1072 | 92.9 x 1076
U (2s) 3.686 7.70 x 1073 | 304 x 107°
U (3770) 3.773 9.70 x 107 | 27.3 x 1073
W (4040) 4.039 1.70 x 107° 80 x 1073
W (4160) 4.153 68.1 x 1076 | 103 x 1073
W (4415) 4.421 9.40 x 1076 62 x 1073

for theb — sft/¢~decay, the analytic expression can be found in [13]. The Mils
coefficientCy corresponding ta),, is independent of scalg since O,; does not

renormalize under QCD.

2.3. UED AND THE ACD MODEL

The SM of elementary particles has successfully passedaeasgerimental tests,
however, there are some unsatisfactory features of theyhédso, most physicists
agree that there must exist new physics beyond the SM, tlieenat which is not yet

known. With the aim of finding reasonable answers to the opsstipns of the SM
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and catching clues for new physics, some extensions of tteeimsuch as minimal
supersimetric model, two Higgs doublet model, left-rigiitnsnetric models, extra

dimensions and etc. have been improved.

Among the proposed extensions of the SM, the models inaudkira dimensions
have been widely taken into account [16—19, 31, 32]. Extnzedtisions include gravity
and other interactions, and also are considered to solvei¢narchy problem, gauge
coupling unification and etc. Those with UED have speciahation because all the
SM patrticles propagate in the extra dimensions. The extnadsions are compactified
and the compactification scale allows Kaluza-Klein (KK)tpars of the SM fields

in the four-dimensional theory and also KK excitations wiih corresponding SM

partners.

Throughout the UED, a simpler scenario with a single unajeextra dimension is
the ACD model [20]. In this model the only additional free graeter with respect
to the SM is the inverse of the compactification radiysz. In particle spectrum of
the ACD model, there are infinite towers of KK modes¥ 1) and the ordinary SM
particles are presented in the zero mode=(0). For each SM boson there is one such
a tower, while two for each SM fermion. We have not introduttezlfield theoretical
calculations for the extra dimensions but to convince tlaglee these can be found in

details in [33—-35]. The masses of the KK particles are usa#y given by

2

n
m2 =ma + 2 (2.17)

with mg, the mass of the zero mode. The KK modes contribute to theepses at the

loop level so the variables in thét) = m?/m?, should be modifes as

ri(n) = (2.18)

wherem?(n) andm?, (n) are the masses of the fermionic and the W boson KK modes,

respectively.
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An important property of the ACD model is the conservationhef KK parity, which
implies that the KK modes do not contribute at tree level igrlbw energy interaction

processes and the lightest KK particle must be stable.

The new physics contributions in the ACD model appear by fiyodj available
Wilson coefficients in the SM. The modified Wilson coefficeate calculated in [35,
36] and can be expressed in termsifr,, 1/ R) which generalize the corresponding

SM functionsF;(z;) according to

F(xy,1/R) = Fy(x,) + Y Fuly, 2,) (2.19)

n=1

with the mass of KK particles, = n/R, related to the Eq. (2.17). Here,= 0

corresponds to the SM particles.

The effective, normalization scheme independent, coefft&s’/ (1) defined in Eq.

(2.9) can be modified in the leading logarithmic approximatlefined as

e/ (pu, 1/R) = 0" Cr (w, 1/R)

8

8
+ 5 ("2 =) Cy (i, 1/R) + Colpw, 1/R) Y hin™ . (2.20)
i=1

The functions in Eq. (2.20) are

C2(MW) =1,

Colpw 1/B) = —5D'(e0, 1/R), Gyl 1/R) = ~3 /(2 1/B). (2.21)

Here,D'(z4,1/R) and E'(z, 1/ R) are defined by using Eqg. (2.19) with the functions
given in Eq. (2.6) and the followings
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T,(2 — Tx, + 322 Tn

D' (20, ) =
(@t 2n) 6 Tt
N xy(—37 + 44z + 1727 + 622 (10 — 924 + 327) — 37,(21 — Hdx; + 1727))
36($t — 1)3
(224w + 3m) (e + 327 + 25 (3 + ) — (14 (=10 + 2)71))
6([[',5 — ].)2

«In Int o (2.22)

14+ x,

z(—17 — 8z + 7 — 32,(21 — 6z + 27) — 622 (10 — 9z + 327))
12(x; — 1)3

E’:L(xt’ xn) -

N (1+ ) (2 + 322 + 22(3 + ) — 2 (1 + (=10 + 34)2y))
2z — 1)

.
Qi _:;:t axn(l +2,)(—1+ 3z,)In

T,
14,

—In (2.23)

The summations are carried out using the prescription defmg85] or can be found

in [37]. The expressions for the sum over n are

i D (1, 2,) m (=37 4 (44 4 171y))
1 72(3:7& — 1)3

WMwR
2

coth(mMw R\/y)

dy 5
0

(—2 + 3$t)$t(1 + th)
6(37t — ].)4
1

- =T [xt(l +3x;) — (=24 3z) (1 + (—10 + xt)xt)] J(R,1/2)

(3+24)
6(x; — 1)*

J(R,~1/2) — J(R,5/2)

+ % [(—2 4 30)(3 + 2) — (14 (=10 + xt)xt)} J(R,3/2)

=T (2.24)

and
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El n) = _'rt(
; n(xth ) 24(1} N 1)3

WMwR
4

1
/ dy (y*'* 4 2y3/? — 3y°/?) coth(m My R\/y)
0

xi(1 4 3xy)
— WJ(R, —1/2) +

(3+ )

WJ(R,5/2)

* ﬁ [l’t(l +3z) — (1 + (=10 + xt)xt)] J(R,1/2)

- B+ — (L4 (<10 + a)e) (R, 3/2)

Y (2.25)

where

J(R,a) = /01 dy y* [coth(m My R\/y) — 2,7 coth(mm; R\/y)]. (2.26)

The Wilson coefficient’y given by Eq. (2.5) in the navie dimensional regularization

(NDR) scheme can be generalized in the ACD model as

Y(z¢, 1/R)

sin20y,

Co(p, 1/R) = PYPE 4 —4Z(x,1/R) + PgE(xy,1/R) (2.27)

whereP'PR = 2.6+0.25 and Py is numerically negligible. The function$(z;, 1/R)
andZ(z.,1/R) are defined as

Y (20, 1/R) = Yo(w) + Y Co(, 22)

n=1

Z(xe,1/R) = Zo(xt) + Z Cr(t, Tn) (2.28)

n=1

18



with the functionsyy(x;) and Zy(z;) given in Eq. (2.6),

xT T+ Ty
and
> (7T — ) 7 My Ry
Colxy, x,) = -

nz;: (1, 2n) 16(z, —1)  16(z, — 1)2

x |31+ ) J(R, —1/2) + (2, — T)J(R, 1/2)]. (2.30)
Finally, the scale independefit, is given by

Y(z, 1/R
Cro = —¥ (2.31)
sin20y,

whereY (x,,1/R) is defined in Eq. (2.28).
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CHAPTER 3

ANALYSIS OF B. — (D, D)¢*¢~ DECAYS IN THE ACD MODEL

It is well known that the raré3. meson decays, as being FCNC processes, are sensitive
to the structure of the SM, and its possible extensions. é&fbez, these decays may

provide an essential tool to investigate the new physia® poi extension of it.

Considering the new physics beyond the SM, extra dimendians special place.
Extra dimensions with UED are quite special because of tbeggation of all the
SM particles in extra dimensions. The compactification ¢ thED allows KK

partners of the SM fields in the four-dimensional theory aisd &K modes without
corresponding the SM partners. Among the UED, the ACD mose&h isimpler
scenario, i.e. it includes only a single UED which is the castgication radius, and

through the infinite KK modes the SM patrticles are availablthe zero mode.

In rare B meson decays, the effects of the new physics appeaws different ways,
one of which is the new contributions to the Wilson coeffitseavailable in the SM,
and the other is through the new operators in the effectivaildanian that are absent
in the SM. In the ACD model, there are not any new operatoes, no new Wilson
coefficients, contribute to the effective Hamiltonian. Wil wse Wilson coefficients
already exist in the SM but they need to be modified accordinthé¢ ACD model
which have been done in [35,36] at NLL order and given in $eci.3.

The inverse of the of the compactification radiusk, is the only new parameter which
needs to be a bound put on. For this purpose, in many expesaieand theoretical
works this parameter have been discussed. Tevatron exgresmput the bountl/ R >
300 GeV'. Analysis of the anomalous magnetic moment ahd» X, [38] also lead

to the bound /R > 300 GeV'. Inthe study ofB — K*v decay [37], the results restrict
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Rto bel/R > 250 GeV. Also, in [39] this bound is given as/R > 330GeV. In a
few recent works, the theoretical study®f— K7y matches with experimental data
if 1/R > 250 GeV [40], using the experimental result and theoretical prtgaticon the
branching ratio of\, — Au*p~, the lower bound was obtained to be approximately
1/R ~ 250 GeV [41] and also theoretical study of branching ratioBp — D¢ ¢~
decay estimate- 250 GeV for 1/R [42]. So, the lower bound ot/ R seems to be-

250 GeV or ~ 350 GeV In this thesis, we will consider/ R, in the electroweak scale
from 200 GeV up to 1000 GeV, however, under the points discussed abbyB =

250 — 350 GeV region will be taken more common bound region and more attent

will pay to.

The effective Hamiltonian of several FCNC processes [3}, 36mileptonic and
radiative decays of B mesons [43-52] and FCNC baryonic depély, 53, 54] have

been investigated in the ACD model.

We analyze the physical observables in terms of the confgation factor and the
form factors sincé3. — D, (*(~is an exclusive decay. The form factors are the matrix
elements of the effective Hamiltonian between the initiadl dinal mesons states.
These hadronic transition matrix elements are related éontimperturbative sector
of the QCD and should be calculated by means of a nonpertwekatproach. Thus,
their theoretical calculation yield the main uncertaimiytie prediction of the exclusive
rare decays. The form factors fé. — D, (*¢~process have been calculated using
different quark models [21-25] and three-point QCD sumg{&§]. In this thesis, we

will use the form factors calculated in the constitute quaddel [21].

Various kinematical analysis of thB. — D, ("¢~ decays have been studied in the
works mentioned above and also the new physics effects e investigated in a

model independent analysis [55].

In this chapter, we will first introduce the quark level effee Hamiltonian and
the Wilson coefficients in the ACD Model in accordance witk firevious chapter.

Additionally, compare the modified Wilson coefficients witte SM ones. Using the

21



hadronic form factors, we will get the transition matrixrekent and then the dilepton
mass spectrum. Finally, discuss the numerical resultsherdifferential and total

branching ratios by using the numerical values of the forchoias.

3.1. EFFECTIVE HAMILTONIAN AND WILSON COEFFICIENTS

The B. — D, (*{~decays are described at the quark levebby s, d¢* ¢~ transition

in the effective Hamiltonian approach in the SM and can bé&e&rias follows [15]:

Gra off - _ - _
Hegr = 5= VioViyg | C5 (@Lb) "0+ Co(g L b) iy 2sf

Yo il mb(q/wmyg—QRb)ew] (3.1)

whereq = pp, — pp,, is the momentum transfef, = s,d andL, R = (1++5)/2and

C;s are the Wilson coefficients evaluated at the b quark mags sca

The new physics contributions in the ACD model appear bygigie modified Wilson
coefficients available in the SM. This can be done in term®ofesperiodic functions,
which are function of compactification factor/R and generalize thé{(z;) SM

functions according to

F(xy,1/R) = Fy(z,) + Y Fulw, x,), (3.2)

n=1

the details of which were given in Section 2.3. Therefores Wilson coefficients

appear in the effective Hamiltonian in Eq. (3.1) can be emths
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G371/ R) = ot 1/ R) (1 + 2hu(s)) + ) + ()

CM (up, 1/ R) = ' Cy (1w, 1/ R)

8

8 .

+ 5(7714/23 — ') Cs(pw, 1/R) + Copw, 1/R) > hin™
=1

Cio=———5—. (3.3)

The Wilson coefficients differ considerably from the SM \edufor small R. The
variation of modified Wilson coefficients with respect tpR at ¢> = 14 GeV?, in
which the normalization scale is fixed o= p;, ~ 4.8 GeV/, is given in Fig. 3.1. The
suppression o’((??ff} for 1/R = 250 — 350 GeV amount ta75% — 86% relative to the
SM value.|C),| is enhanced b$3% — 13%. The impact of the ACD o.bcgff’ is very
small. Forl/R Z 600 GeV the difference is less théivs.

0.17
SM —
ACD e
0.22 1
- - -5.2 +
£y &)
0.7 | sl /
7777777777777777777 sM —
20.32 ‘ ‘ ‘ 6.2 £ ‘ ‘ L e T ]
200 400 600 800 1000 200 400 600 800 1000
1/R(GeV) 1/R(GeV)
SM —
ACD -
46 |
=
y\?
4.5
4.4 , , ,
200 400 600 800 1000
1/R(GeV)

Figure 3.1. The variation of the Wilson coefficients withpest to1/R at ¢> =
14 GeV? for the normalization scalg = 4.8 GeV'.
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3.2. MATRIX ELEMENTS AND DECAY RATE

The hadronic matrix elements in the exclusbe — D, ("¢~ decay can be obtained
by sandwiching the quark level operators in the effectivenftanian between the
initial and the final state mesons. The parts of transitianetuis containingy; do not
contribute, so the non-vanishing matrix elements are patamzed in term of form

factors as follows [56]

fr

D(Pp,)qiouwq” (1 + 75)b| B(Pp,)) = ——————
(D(Pp,,)|q'iomq" (1 4 75)b| B(Ps,)) M.+ mo,

X (PDq/ + PBC)Mq2 - QM(mQBC - m2Dq/):|

(D(Pp,,)a"v.(1 = 75)b|B(Pp,)) = f+(Pp. + Pp, )+ f-au - (3.4)

The transition amplitude of thB, — D, ¢*¢~ decay can be written using the effective
Hamiltonian and Eq. (3.4) as
GFC(

M(B, — D iT17) = ———V,V,
( q ) 2\/571’ thVy

X {EYME[A(PBC + Pp,)u+ Bau] + 04" 5¢[C(Pp, + Pp,, ) + un]} 5:9)

*
q/

with
fr

mB+mD

A= ng+ + 207 my

f
B=Cof- — (m} — m%)mBTTmD

C=Cufy
D=Cyf-. (3.6)

The next task is the calculation of the decay rateBf — D, ¢*t¢~, which is

determined from the following expression:

|/\/l|2 54(@ —P1— p2) ) (3.7)

(27)* / &g, dp dpp,
2Ep, (27T)32E1 (2%)32E2 (27T)32EDq,
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where M is the transition amplitude of the decay. When the final gpatarizations
are not measured, we must sum over their spin states usirfglibwing projection

operators

> Up)lp) = p—me,
> Up)l(pa) = Pt my. (3.8)
In the center of mass (CM) frame of the dileptdng—, where we take = cos # andf

is the angle between the momentum of (lemeson and that af-, double differential

decay rate is found to be

ar 1
dsdz 2973

mpVAv|M|? (3.9)

wheres = ¢*/m% , A = 1+ r* +s* —2r —2s —2rs, r = m3, /m%, v =
c q c

\/1 — 4mj/sm%_and

G
‘ ra th

[4m2Bc/\(1 — 22 (JAP + |CP) + 16m%,m3(2r + 2 — 5)|C*
+16m% m2s|D|? + 16m3% m7(r — 1)Re[C’D*]] (3.10)
B. M B : :

Integrating over the angular dependence of the doublediifeal decay rate, following

dilepton mass spectrum is obtained

dl’ B G?a’mp

ds ~ 212g5 |V;bvt:|2\/XUA (3.11)
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where

4

2 2 2
Ap, = gm4c(3—1)2))\(|A| +|C] )+4m‘§63(2+7’—s)(1 —?) O]
+16m7, mjs |D|* + 32m% m;(1 — r)Re(CD*). (3.12)
5
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Figure 3.2. The dependence of differential branching ratios without resonance
contributions forB. — D.¢*¢~. (Inthe legend /R = 200, 350, 500 GeV.)
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Figure 3.3. The dependence of differential branching ratios without resonance
contributions forB, — D¢+,

In the numerical analysis of physical observables, we haeel the input parameters
given in Appndix A and the values that are not given are takemf30]. In addition,
to make numerical predictions, we also need the explicin®of the form factors

f+, f—and fr. In our numerical analysis we used the results of [21], dated in the
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constitute quark model angd parametrization is given by

F(0)

) = @) + i

(3.13)

where the values of parametef§0), « andb for the B. — (D,, D) decays are

listed in Table 3.1. To obtain the branching ratio, we inggrEq. (3.11) in the

Table 3.1.B. — D, 4 form factors calculated in the constitute quark model.

B. — Dyt | F(0) a b

£ 0.165 | —3.40 | 3.21
f —0.186 | —3.51 | 3.38
fr —0.258 | —3.41 | 3.30
B. — Dt+e= | F(0) a b

. 0126 | —3.35 | 3.03
f —0.141 | —3.63 | 3.55
fr —0.199 | —3.52 | 3.38

allowed physical region. While taking the long-distancatcbutions into account
we introduce some cuts aroundy and(2s) resonances to minimize the hadronic
uncertainties. The integration region fot is divided into three parts fop as
4mi < q2 < (mj/w — 002)2, (mj/w + 002)2 < q2 < (mw(gs) — 002)2 and
(M) + 0.02)* < ¢* < (mp, — mp+)?. In the case ofy we haveim? < ¢* <

(My(as) — 0.02)? and (myes) + 0.02)? < ¢* < (mp, — mp:)?, the same as in [42].

The differential branching ratios are calculated with andheut resonance
contributions and s dependence gk = 200, 350, 500 GeV are presented in Figs.
3.2-3.5forB. — (Ds, D){*¢~. One can notice, the change in differential decay rate
and difference between the SM results and new effects in gluees. The maximum
deviation is around = 0.32(0.39) in Fig. 3.2 ands = 0.36(0.40) in Fig. 3.3

for (7). At theses values, the deviation is- 50% more than that of the SM
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Figure 3.4. The dependence of differential branching rato s with resonance

contributions forB, — D¢~
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Figure 3.5. The dependence of differential branching ratios without resonance

contributions forB, — D¢+,

results forl/R = 200 GeV in all decay channels and 20% for 1/R = 350 GeV'.

For 1/R = 500GeV, the deviation becomes 10% and less.

Considering the

resonance effects, the differential decay rates alsordiftan their SM values as

1/R — 200 GeV, which can be seen in Figs. 3.4 and 3.5. So, studying difteden

decay rate, particularly i/ R = 200 — 350 GeV region, can be an appropriate tool

for searching the effect of extra dimension.

To introduce the contributions of the ACD model on the bramghatio, we present

1/R dependent ratios with and without resonance cases in Figsar8l 3.7. The

common feature is that d R increases, the branching ratios approach to their SM

values. In all decay channels, fof R ~ 500 GeV the deviations are more than%

from their SM values. Additionally, around/ R ~ 200 GeV the ACD contribution is
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Figure 3.6. The dependence of branching ratiolg® with and without resonance

contributions forB. — D¢+,
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Figure 3.7. The dependence of branching ratiolg® with and without resonance

contributions forB, — D¢* /¢~

more thar50%. Keeping the discussion on lower bound bfR? in mind once again,

in the regionl /R ~ 350 — 250 GeV the branching ratios increase with an average of

(25 — 35)%. So, the calculated branching ratios without resonancéribations for

the SM and in between these bounds we find,

Br(B. — Dutp™) = (1.24,1.47 — 1.67) x 1077

Br(B. — D,7777) = (0.29,0.36 — 0.41) x 1077

Br(B.— D p"p~) =(0.29,0.34 — 0.39) x 107®

Br(B, — D rtr7) = (0.077,0.092 — 0.106) x 1075,

Here, the first value in any branching ratios above is comedmg to the SM, while

29



the rests are for/R = 350 — 250 GeV/. A similar behavior is valid for resonance case

which can be followed by the figures.

Adding the uncertainty on the form factors may influence raicbution range of the
ACD model. However, the variation of the branching ratidcakated with the central
values of form factors, in the ACD model for differentRs with the SM values, can be

considered as a signal of new physics and an evidence oérgesbf extra dimension.
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CHAPTER 4

LEPTON POLARIZATIONS IN B. — (D, D)¢*¢~ DECAYS

The polarization asymmetries of the final state leptons eareby useful for testing the
SM results, and also a powerful tool for searching new plsysimtributions. The final

state leptons in the decays can have longitudinal, trase\ard normal polarizations.
The transverse polarization is the component lying in theagelane and normal is

the one that is normal to the decay plane.

Inthe By — D, 4 ("¢~ decays, we will search the polarization asymmetries fahgur
investigation of the SM and discuss the possible effect@®CD model, for, and

T as final state leptons. While doing this, we analyze posgiblarization effects in
resonance and non-resonance cases. Also, we introducariagon of polarizations

with respect to transfered momentum dnd? dependence of averaged polarizations.
In this chapter, after introducing the definition of polations, starting with the
effective Hamiltonian, we calculate the analytical express of various lepton
polarization asymmetries, introduce the obtained resulis a couple of figures and
give a complete analysis and discussion.

4.1. LEPTON POLARIZATION ASYMMETRY

We first introduce the spin projection operators given by

P o= S0+ %8))
P o= S(1-%8;) 4.1)
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for ¢~ and(t, respectively. Herej, = L, T, N denotes the longitudinal, transverse and

normal components of the polarizations, respectively. foue vectorsSj ;» which
satisfy
S™T-p=8T-p,=0 and S-S =875 =1, (4.2)

are defined in the rest frame 6f and/*. Using the convention followed by previous
works [57,58], in the rest frame éf we define the orthogonal unit vectd§s, for the

polarization of the leptons along the longitudinal, traerse and normal directions as

_ d ﬁe

S = 0,6 = (O, T) y

vo= 0a) =05

Sy = (0,ér) = (0,ey x é1),
— , X —

Sy = (0,éx)= |0, Doy 210} (4.3)
ﬁD / X pf’

wherep, andpp , are the three momenta 6f and D, meson in the CM frame of
final state leptons, respectively. The longitudinal unitteeS; is boosted by Lorentz

transformation,

_ el Eope
K (‘_7 — )7 4.4
LoM me My \Pz| ( )

while vectors of perpendicular directions remain unchangeder the Lorentz boost.
The differential decay rate @8, — D, ¢*¢~ for any spin directioni~ of the ¢~ can

be written in the following form

dl“(ﬁ_)_l @
ds 2 \ds 0

where(dI'/ds), corresponds to the unpolarized decay rate, the expliait fafrwhich

1+ (PLé'E + Pyéey +PT_5T_> -ﬁ_] , (4.5)

is given in Egn. (3.11).
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Figure 4.1. The dependence of longitudinal polarization somvithout resonance
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Figure 4.2. The dependence of longitudinal polarization somvithout resonance
contributions forB, — D¢+,

The polarizations’; , P and Py, in Eq. (4.5) are defined by the equation

dl’ dl’
—(m =e)——(n" =—e)
P (s) = ds ds
Z g(n_—e_)—kg(n_——e_)
ds o ds o

Here,P, andP; represent the longitudinal and transversal asymmetespgctively,
of the charged leptofi in the decay plane, anH,, is the normal component to both

of them. Calculations yield the explicit form of the longiinal polarization forB, —

D 010 as
8m% v .2
P = mABCU[ngBC/\Re(AC’*)] (4.6)
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Figure 4.4. The dependence of longitudinal polarization ®&nwith resonance
contributions forB, — D{* /(™.

and similarly, the transverse polarization is given by

_AmE memVsA | (r — 1)
B A s

Py Re[AC™] + Re[AD"]|. (4.7)

The normal component of polarization is zero so we have atégtts explicit form.

We eliminate the dependence of the lepton polarizationss @am order to clarify

dependence oh/R, by considering the averaged forms over the allowed kinmalat
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region. The averaged lepton polarizations are defined by
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Figure 4.5. The dependence of longitudinal polarization 1gi® with resonance
contributions forB, — D¢+,
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Figure 4.6. The dependence of longitudinal polarization 1gik with resonance
contributions forB, — D¢* /(.

4.2. ANALYSIS OF LEPTON POLARIZATION

The dependence of longitudinal polarization on s withosbreance contributions are
given by Figs. 4.1-4.2. A§/R approaches ta00 GeV, the longitudinal polarization
differ from the SM values, slightly. This is more clearii34 (0.35) < s < 0.45(0.47)
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for B. — D,(D)r 7~ decay, respectively. Fgr channels, the deviation is valid in all
s range, excluded the minimal and maximal points.oin B, — D,(D)u" .~ decay,
the difference is, for example at~ 0.38, 5% (3%), respectively, fol / R = 200 GeV'.
For B. — D,(D)7rt7~ decay the results are more significant that is at0.40 (0.42),
the variation forl/R = 200 GeV is 12% (8%), respectively. Including resonance
contributions, in addition to the above effects, deviatomiween the resonant and

nonresonant values increased A8 — 200 GeV/, Figs. 4.3-4.4.

0 ‘ ‘ ‘ 0
TN ;
\
_02f 7 Vo 02+t ]
N / \ R i
+ / ‘l A ]
:Z H 1 5, i
S o4t 1 S g4t g
T | T
o | | o /
& 06 ‘ = 06} i
SM —— -~ SM ——
200 R S 200
350 e —— 350
500 - 500
-0.8 L L L L 0.8 L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.32 0.35 0.38 0.41 0.44 0.47

S

S

Figure 4.7. The dependence of transverse polarization onitsowt resonance
contributions forB, — DT (~.
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Figure 4.8. The dependence of transverse polarization onitsowt resonance
contributions forB, — D¢ /(™.

The1/R dependant average longitudinal polarizations are givefige. 4.5 and 4.6.

As it can be seen from the figures, the maximum deviatiatVigor 1 channels and

9% (6%) for B. — D,(D)r+7~, respectively, at /R = 200 GeV'.
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The variation of transversal polarization with respect e given by Figs. 4.7-4.10.

In 1 channels the difference is negligible whereas thannels up ta ~ 0.46 (0.48)

for B. — D,(D)¢*¢~ decays, respectively, the effects of the UED can be seen. At,
for example;s ~ 0.40 (0.44), the SM value vary — 12% (4 — 9%) for 1/R = 350 —

200 GeV, respectively. Finally, the average transversal poltioracan be followed

by Figs. 4.11 and 4.12. For the channels the maximum deviation 2§ and for

B. — D,(D)r* 7~ thatis10%(6%) at1/R = 200 GeV'.
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Figure 4.9. The dependence of transverse polarization on it wesonance
contributions forB. — D /+¢~.
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CHAPTER 5

CONCLUSION

In this thesis, we have discussed the rare semilept®nier D; ,¢"¢~ decays induced
by FCNC fori, andr as the final state leptons in the SM and universal extra dimens
with a single extra dimension, the ACD model. We used the dradrform factors
calculated in the constitute quark model and throughoutbek, we reflected the
resonance contributions on the calculations and demaedtia results in possible

plotting with respect to the compactification factor anch&f@r momentum.

As an overall result, we can conclude thatlg$? — 200 GeV the physical values
differ from the SM results. Up to a few hundreds GeV above thesaered bounds,
1/R > 250GeV or1/R > 350 GeV, it is possible to see the effects of UED.

Taking the differential branching ratio into consideratifor small values of / R there
comes out essential difference comparing with the SM reskiltrl /R = 200 GeV a
maximum of~ 50% deviation was obtained for both channels. In the considiereer
bounds the effects are also seizable and up/#® = 500 GeV the ACD contributions

can be taken into consideration while searching new physics

Considering the dependence of branching ratio on the catifipatton factor, the
obtained results clearly show the evidence of new physicdevAGel” above the

lower bound, the contribution of the ACD model is still comving.

In searching new physics, calculation of polarization asyatries of final state leptons
is an essential tool. Here, the polarization propertiehefiéptons have been studied
comprehensively and a full comparison with the SM was inigadl. Our results show

that, variation of the polarizations jn channels are not significant, on the other hand
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for 7 channels, especially faB. — D,/*¢~ decay, the results are encouraging. As a
last note on polarization, the normal component of the lejptolarizations is zero in

these decays both in the SM and in the ACD model.

The resonance, as a result of conversion of teaito lepton pairs, contributions also
added to the numerical calculations. In the resonance aasg&ilar behavior can be

obtained and the numerical values of the observables miostlyased.

Under the discussion throughout this thesis, the sizab@ejpancies between the ACD
model and the SM predictions at lower values of the compeatibn scale, i.e. as
1/R approache$000 GeV the results get closer to their SM values, can be considered
the indications of new physics and should be searched inberienents. Technical

facilities of the LHC make these decays accessible.
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APPENDIX A.

INPUT PARAMETERS
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mp, = 6.28 GeV
mp, = 1.968 GeV
mp = 1.870 GeV
my = 4.8GeV

m,, = 0.105 GeV
m, = 1.77GeV
my = 80.40 GeV
my = 91.18 GeV
sin®6y = 0.223
[V Viel = 0.041
Vi V| = 0.008
Gr=117Tx 107" GeV

7B, = 0.46 x 107125
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