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Abstract 

The Randall Sundr um model (RS) was prcsenl.c<1 in 1999 to solve the 
'-(iggs hierarchy problem of the parLicle physics. T his model created 
interest. in the phenomenologist and theoret.icians to work in the e..'X­
Lra d imensions scenarios. In the PI'CSCIl l. dissertation we will examine 
the rarc decay Ab ~ Al+(- in the context of 8M and RS model with 
custodial protection, We compute the physical obsen'ables like , difrer­
ential branching raLia, forward-backward llSY Il'UllCl.ries llnd polarization 
asymmetries of /I. baryoll in Sivi and HSr. model. By llsing low energy 
effective Hamiltonian the ha.dronic matrix elements parametrized by 
form factors that arc calc ul at.cd by QeD sum ru les. 'vVe compare the 
r('!o)1I1 ts of thpsp oh:;f'rWl hlf'!'; oht1'in('d in th" .f,'A4 find RS'/! modpl<; 
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Chapter 1 

Introduction 

Since from its eyoluLion in 1960 the Standard ~ I odel (Sft. I) of parli­
cle physics provideo; the opportuni ty La physicbL to learn about the 
fundamelllnl processes that are occlirriJig in IHl lure. The Sf!. I is ex­
traordinnrily precise in its predictions and steacly to most experimental 
results. I-lowcYcr, there are some deficiencies in the Slvl. One of them 
that is important is the hierarchy problem (small lliggs Illass) which 
interrogates that wily the weak force is 1032 lilll~ stronger limB the 
gravity. The S?\ l explains the ",;cak, c1cctromogu('lic oud ijlrong forces 
liucccs&fully hut (nihi to e.xplain gravity, which is very unsalisfactory 
ond inciicol<.'8 that there is a theory beyond the S1\ 1. So it is cOllbideroo 
os an illcolllplctc theory till now. 

Accord ing to t.he Sr.. I lIeutriuos are IIIflsslcss but now the experi · 
ments II/we given tlte evidence for t.he neutrinos 1,0 have 1lIuss. These 

151111111 Ilclltrino'8 maSSes can not be incorponHed in the IlHtthCl llntical 
framework of sltlllclard model. The non zero Ill/ISS of t he neutri nos is 
the direct experimental e"idence for incompleteness of Lhe Sf,,1. 

There are also some indirecL e"idences for physics beyond lhe S1\ I, 
snch as clark waLler. 1\ lost part. of the universe is made of dru-k mat.ter, 
but it. is "'ry difficult to det.ect it. and it CUll be detected only uy lhe 
gra"itat ional effects. The S:\I also docs not c.x pla in the nature of the 
dark matter. T he particle contents of I he S1\ 1 hns been completed 
after the Il iggs boson's discovery in 2012 in the collider c.xperiments. 
The characterist ics of the particles of the S1\ 1 were disclosed slowly. 
The tal) quark allcl Iliggs boson masses a re important alllong these 
char8cterblics becausc lhey are used to determine the response of l liggs 
quartic coupling. 

According La r{'Cent. experimenta l rcsults, the lI iggs boson mass 
was found to 1)(> 125.09 ± 0.21 CeV PI and the LOP quark mass is 
173.3'1 ±O.7G CoV 121. 

o 



To solve the problems that are mentioned ahove, mallY extensions in 
the 81\1 have been proposed such 85 supersynmlet.ry (SUSY) ill which 
the bosonic and fel'mionic degree of freedom have been t reated equally. 
The hierarchy problem and unification of thrcc couplings can be solved 
by supersymmetry. Grand unified theory (GUT) is also the extension 
of t he S~ I ill which the gauge sector of the SM is extended. By Lhis 
theory the tree gauge couplings arc unified a t. n scnle about WIG CeV 
tln'Lt is called CUT scale. 

There me II lso Ill any others different ex tensions of the Si\J like 
e. ... tra dimensions, string theory, effective theory et.c. All these theories 
(beyond the SM) arc used to fill up the defici ts of the SM but there are 
no signs for these theories in the experimen ts t ill now. 

In prcscnt dissertatioll ) we will take lhe ex tension of S~ I in ex tro 
dimensions in the form of Randall SUl1druIH (RS) model [31 which has 
one cornpacL extra dimension along the non factorisablc anLi·deSitter 
(AdSr.) metric. In this model t.here are two thrce-branes which act as 
til(! bunndrit:s for t il(· wHI"pt'd extra dimclIsiolls. Tht:rc is n five dimcn­
sional bulk (50 bulk) bet.ween these brancs. An exponent.ia l hierarchy 
is generated in the energy scales by the background I1dSIj metric. As 
the Planck's scale is at. one brane (UV brane) and other at. second beane 
(rR hraue). The plfUlk ·s :;ewe is IItucli larger tiulit the Ollter scale i.e.) 
" U\ ' » 11./11 . 
Then , we wil study t. he Randall Sundnnn model with custodial pro­
tection ( !lS,.) in which the gauge group SU(2)/~ x U(I h' is enlarged t.o 
SU(2)D x SU(2)a x U( l ),,· x Pw by which Lh c harmful contl'ibut.iolls 
Lo T· parametel' (pcsld n takeuchi parameter) can be ctll"cd and also Lhe 
Zbt.ut. vertex call be protected frotn ext , l ·~l correction. Later, we will 
study LhE: implica tions of RSe model in Oavor sector. 

This dissertation is organized os follows . In chapter 2, of this dis­
serLation we will disc llss St\1 including mathematical framework , l\iggs 
mechanism and the limitations of Lhe St\1. In chapter 3, we will dis-­
cuss briefly th r ns model ) Custodial symmetr y and the RS model with 
cllstodia l protect ion. in chapter 4, wo will st.udy the t.he effective field 
theory (EIT) which is the t.heory LL18t includes the suitable degrees 
of freedom to explain the physical phenomenon which is occurring at. 
a particular (chosen) energy scale or IcngLh scale and other degrees of 
rreedom nre ignored that arc ollL of t his selccted scale. We will a lso 
study l'IbOll t dirferenL approaches of El:vr like top down and bottom up 
approach with the examples like Si\1 as nn effect ive theory and then 
we will give sollie introduct.ion of the rcnornuli izntion theory and the 
di,·ergences. At the end of this chapter we will discuss the matching 
conditions with examples. in chapter 5, we will st.udy the rare de-

10 
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cay AIJ ~ Al+l- Rnd find out. the diffcrellL obscrvables like differentiaJ 
decay width, branching ratio, forward-backward asymmetries and po­
larizRlion asymmetries for this decay in the SAl and RSe model by 
using the effective Hamiltonian and the parametrization of hadronic 
matrix clements in terms of form factors cnlculotcd by QeD sum rule 
nnd compare t he rcsu lts of both models . At t.he end of this chapter 
we will a lso descri be the conclusion . 

II 



Chapter 2 

The Standard Model (SM) 

2.1 H istory 

The fi rst nppronch towards the S~ I was gh'en by Clashow in 1961 
LO combine the weak and electromagnetic interaclions a t nn energy 
scale. This prediclion require that there should ex is t four v<'CLor bosons 
I I/± I Z and "Y which are acquired by the rolnLion of weak mixing angle 
011 . In addition the accurate structure of weak IIcutral cnrrent Lha t is 
lIIediated by lilt.' Z boson was also acq uired. T he W ± and Z b08Oll8 
arc takell as thr lIlr<i inLors of weak forcc:'S. Theft> is n scrious prob­
lem wil II this model in the case of awarding mo.sscs to the 111* a nd Z 
b080llS becausc according to gauge sYIHmcl ry l s predictiOlI Lhey sllould 
IHlVO zero IlIOSSes. In t he interaction Lngronginn. t. he pnrnlllCLCrS Mil' 
il ud 1Hz fOJ' the vector bosons wcrc pilL by liaucl. T he gHlIge !:iy lHllIe­

t ry nnd nOl'mnli zibili i.y is spoi led by ini.rociucing t. ho mass I.eI'Ill in Lho 
La.gr8ngioll for vt.'Ci.or hosol1s. Another approach to build Lhc Sf",1 was 
Ill Ade by Nmnbu in the form of Goldstone theorem in 1960. According 
La this throrem there e.xis t a particle with zC'ro spin and zero mass due 
to which the spontaneous breaking of global symmetries take place. 
In 196.1 P. Higgs, Englert a nd Brout Kibble and Guralnic s tudied the 
spollLancous breuking of local gauge symmetries, tha t rocluired for the 
elcctroweak sY llllllctry breaking. 

The formulation of c1cctrowenk theory was dOlle by Weinberg a nd 
A. Sahli II who include the gauge group SU(2) X U( l ) initiated by 
Clashow. Tilis theory is known as CIBShow-\Veillberg a nd Sa lam Illodd 
or the Struldarcl ~ Iodcl (Sf!. I) of particle I>ltysics, tha t was esta blished 
by the as:;istancc of gauge principle and int('rrne<iillle vector boson the­
ory. Actua lly, the S~ I is a gauge theory relrlted to the electrowenk 
intern tions whO&C I nsis lies all SU(2) x U( I) gouge gronp a nd the 
intermediate vector bosons, II'±, 'Y and Z 8I'e the related four gAuge 
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bosons. The masses of gauge bosons W± and Z are creat.ed by the 
Higgs mechanism. The discovery of weak neut ra l currents in 1973 was 
the first proof of the Sivl to be accurate theory of electroweak (EvV) 
interactions. The Sfvl also predict.ed the masses for Wand Z hosons 
that was confirmed experimenta lly in 1983. \Vi th the discovery of Higgs 
boson, we have now all the contents of the Sf..iL 

2.2 Particle C ontents 

There are many elementary part icles that are present in the SM and can 
be distinguished from each other by some propert ies like color chmge. 
The 81\11 have [allowing classes of particles. T he elementary particles in 
the SM are divided into three classes as shown in the figure 2.1 . Now 
we expla in these classes o[ particles one by one. 

(i) Fermions 
There are twelve spin half elementary part. icles that are known as 

fenllions. These part icles obey the Pauli exclusion principle. For every 
fermion t.here is a corresponding anti- fermjon. 
The fermions are divided into two classes based on their interactions 
that are quarks and leptons. There are six quarks and six lept.ons. 
T he property that. define t.he quarks is cotor charge of quarks, so t.hey 
int.eract with each ot.her by t.he strong forcc. The quarks [arm the 
color-neutral part.icles known as hadrons by color confinement process. 
Hadrons are further classified int.o mesons and baryons. Mesons are 
formed by the combination of a quark and an ant.i-quark while the 
baryons are formed by t.h e combinat ion of three quarks. 
The other six fenn ions do not have any color charge and are known as 
leptons. Neutrinos do not have electric charge, so it is very difficul t to 
detect. them. \Vhile t lte electron, muon and tau calTY electric charge so 
t.hey interact elect.romagnet.ically. T here are three generations of quru'ks 

(2. 1 ) 

and also three generat ions for leptons. 

(2.2) 

All t he ordinary matter is formed by the first generat ion of charged 
particles because these part.icles do not decay. \"'hile the part icles of 
second and third generations have very short lifetime and only observed 
at high energy scale. 

13 



(ii) Gauge bosons 
GaugE' bosons Rre used as mediators of fundo.lllcmaJ inl 'ractions 

in the S~l. III physics, the particles eITed the other particles wilh lhe 
help of interactions. The St.,1 describes thal these forces r~ul ls from 
lIlalLcr pa rticles hy exchanging olhcr pfl.rLicics. All the gouge bosons of 
1 he Stvl IHive spin I (integer spin), SO Lil es£' nre bosolls ond do not obey 
t.h e Pt\ldi exclusion princi ple. The differenl Ly pcs of gauge basons m'e 
explai ned below 

• The force between tbe cbarged particles is the electromagnetic 
force tha t is mediated by photon. The photon is massless particle 
aud 1I0ve spin 1. 

• The weak int ractions are mediated by W+, 1V - and Z gauge 
bosons. These gauge bosolls are massive, \\{+. 1 V- have relatively 
less IUnss than Z. The weak forces mediat ed by W ± act upon the 
left hondNi particles and the right handed onti-partidt.'S. The Z 
boson which is electrically neutral and iuteracL with I he both the 
left-handed pnrt ides and righl luwelrd fl lli i-p8rt ir les. 

• The .strollg intC'l'aclions (between the l(\larks) nrc medio lCd by lile 
eight Ilu\,,'i,o;less gluons. Gluons can also inleract with each olher 
due La their effectual color charge. The illternctions between nil 
tho s\IIl1d nnl lllodoi particles arc slulllI Ulrizud ill lilt! figure 2.2. 
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'" •• •• • • <I 
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:"-~ e -. -. l •• •• ~ <II 
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Figure 2.1: Classification of elementary particles of t he Stv[ 

Standard Model Interactions 
(Forces Mediated by Gauge Bosons) 

~: 
X i~ any f*! lInion in 
the Standard Model. 

~: 
U is a up-type quark; 
o is a down-type qua,k. 

X isa photon or Z·bos.on. 

X i~ ele( trically charged. X is any quark. 

~: y 
l is a lepton andv is the 
corresponding neutrino. 

X arlO Y a,e any two 
elec troweak boSOM such 
Ihal chalg!! iHonserved. 

Figu re 2.2: FUndament.al int.eract.iollS between elementary particles of the 
SM_ 
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(iii ) The Higgs boson 
T he lIiggs particle is a single particle in the S~ I which hns spin 0 
fl nd it h AS large mass compared to other standard portic1cs. Duc to 
spill zero lI iggs is class ified as boool1. The lI iggs boson ex plains t ha t. 
how the olht:'r massive particles get their mosses exclud ing Lite gluons 
Il lid phoLon. Purt hcnnore it. also gives the expla nation for photon to be 
massless. The clcrnclll.!uy particles get their UHlSSes by interacting with 
lliggl) particle. BCCtH1SC of lnrge nH\S~, Higgs 11180 interact willi itself. 
The lIiggs par'licle Chn be observed And recordl.'d ill a particle accel­
era tor wilh very high energy becaul;C of its large IlIElSS and imllledia te 
decay. 

Por the confirmation of Higgs boson experiments were started in 
LHC in 2010 aL CER.N. The Higgs boson confirmed cxperimcll udly on 
0-1 July 20 12 by the two major ex)>erimems at, LIlC (C~ J S nnd AT­
LAS), T hese experimenLS reported that, the mass of lIiggs boson is 
nbellL 125 GeV/r? 

2.3 Mathematical framework of SM 

Wt' have divided the mathematical frllmewol'k of the Sl\J into two sec­
tors, thc quullt um cltromodyuamics s('('lor and till' cl<.'Ctl'Ow('ok sector, 
Now \" (' will explain both sectors below, 

2,3,1 T h Quant um chrolllodyn3mics sectol' of SM 

Tile gauge grOllp of thc stalldard nlode! is SU(3)c XS'U(2)L x U( I ))' , W IICI'C 

C represent s color, IA I'cpresenl,s left-handed and Y dcnotes hyper cha rge, 
The QeD seclor of thc S~ I explain t he strong illtemctions ' The QeD 
is based upon the gauge group SU(3)c and is 1\. non Abel ian gauge 
theory. Under SU(3)c quarks t ransform as tripll:'t and belolig to fun­
damental representatioll , while lhe gluons which Inedia le lhe strong 
interact ions belong to the adjoint representation of SU(3}c , 
The Lagrangian for the QeD sector is 141. 

where 

c~" = B/IC: - 8"C:' + 9"rbcCbIIGc" , 

is the field strength tensor, and 

DI• = 81'6 - i9" Tqc;. , 

IU 

(2.3) 

(2.4) 

(2.5) 



is the covariant derinltive. 96 is the coll pliug COII!>tanL of s trong in­
teractions nnci n= I,2,3 .... 8 nms over the color. 'fo are cons idered as 
genera tOni of Lhe gauge group and satisfy the following relation . 

Wherc lpllf" reprcscnts the structure constll nt of the grollI'. For SU(3)c 
the relat. ion o[ "I~, generaLors with t.he 3 x 3 Gcll-rvltUHl nmt.ri ccs [5] is 
given below 

,I, 
TO =2· 

TIle correspond ing Lagrangian does nOL c1langc under SU(3)c illfinitcs­
imRl local gauge transformations. 

2.3.2 T he Electl'owe.:'1.k sector of SM 

The elecLrowcak sector of the S~ I include t ile weak and elcctrolll nglleLic 
forces [G]. The gauge fields are the mediators o[ these forces. This 
concept can In"' en largrd Lo massive gauge fields by IBundling lhe Il iggs 
mechanism that gives m3SSeS to the particles keeping gnuge symmetries 
invnrianl. \\0f' wil l describe here some tllcoreLical aspects of t' lcct roweak 
seclor o[ the S~ I 

(1) Gauge sectol' 
Go,nge theories remai n invariant under the gloho.l g!llIge tro lls[or­

nl fl.tions i. e. I 

where U is n ulliLary IH Il Lrix for nOIl-AbcJ inn gauge trnns [onnation t.haL 
will act UpOIl the fermion field Wo 
To make th~ gauge theory iuvariant under local gauge trans[ormaLiol1 
(which involve 1I1e dCI>cndcncc of space time coordinote :r). \Vc replnce 
the space time dcrivntive 8" by the covariant. derivAtive D" in whidl 
an add itiona l Vl.'Ctor field "" is included 

W" --7 iD" - flV,. , 

where g is I ht' universal gauge coupling constant. The gauge field \I" 
lransforlll by n rolation plus a shift. under the loca l gauge tmns[onna­
lions us given below. 

v" -> Uv" U-' + ig- '18"UJU ' 
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In comparison with t his, the curl of V,. rcprCS<'utcd by F 

~lV = _;g-I(O". Dill, 
o nly rotate:; under the gauge transformation. The Lagra ngian for spin 
half particles and for vector fields of massless palicles is written below: 

- I , 
L[II/, V[ = IIti'''!'' D"IJI - "iT,. ,,, . 

This indud(~ the following interactio ns. 
Fel'lliio l l-gnll~c bosons: 

Thrcc boson coupling: 

igTr(8. V. - 8. V.)lI~" 1/.[ . 

Pour boson coupling: 

1 '2 2 29 Tr[V,,, V.I . 

(TI ) The Higgs mechanism: 
In gtlugl: im:ariant theury tu gt:ncrall· tilt: lIla.~ fvr thl Vn .. tor 

bosns l he sponl a n{'()us symmetry br('akillg is extended to a nU.'chllllisnl 
that is know1I as lIiggs mechanism. The ga uge invariallcc of the S~I 
gauge group 8U(2) x U( l ) requires that the masses of gauge bosons 
sbo\dd be zero bu!. Lhe Lagrangian has t he mASS term lim!. spoils the 
gfUlgc invariflll co. T he Higgs mecha.nistn avoids th is rcsl,ri ctioll by illiLi­
IHing with a theor,)' t hat is gauge invaria nt nnd hAS the llH1SslcSl) gauge 
bosons. T he vector booons J1I± and ZO uLtnillS Lhcir lIl ilSSt.'S fl"orn the 
spontalll"otls symmeLry breaking of local gnuge symmetry hy 

SU(2) x U( I) ----> U(I)"" . 

I ha L is achieved by introducing a complex scalar field t hal is sel f inter­
acting and is denoted by (I), and this field transform as SU(2) doublet.. 
Four independent fields are incorporated by the field «II and its complex 
conjugate 4) '. 
The sponta lloous symmetry breaking is applicable if one o f lhe foul' fUII­
damental fields in the Lagrangian have non zero vacuum expectation 
val ue. 

u 
«I') ~ (01<1>[0) ~ 2 ¥ 0 , 

before the spontancolls symmetry breaking, the three fields rela ted Lo 
11/% and ZO beconlc t ile longi tudinal degree of frccdolll wllilc the photon 
cOlnbincd wil h the symmetry group U( I)cm llnd reum.i l t 1H 8ss l cs.~. 
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2 .3.3 ForlTlu lation of EW sector of the SM 

(I ) T he matter sector 

The lefL handed fcrmions with isospill doublets and right handed 
fermions with isospin s inglet appcar in the fUlldamentnl representation 
of t he gauge group SU(2) x U(l). I t is p('r('rived thRt t he fi rst., s('(:ond 
and th ird gCII CH"lt ioll of fcnnions !Javc the snlllC symmet ry pattern : 

[ ,,~] [",!!]; [,,~] [""II]; [T-] ["Til] 
e I. en Il I. Jln 1/., I. TR 

We call lIut derive Lhe symmetry slrucLurc in I he Sl,,1. It is cOlifinlll.'d 
cxperimcnLaJly thaL the I)arity conservation is violated in weak interac­
tions. The violulioll of iJllrity ill woak interactions is due to i he uifferent 
isospin o f the left handed and right handed fermion fields. l'lence the 
experimental observation is included ill t he llnLural way. 
The relation between the basic quantum numbers a nd Lhe elect.ric 
charge Q is reported by GeLl.lo..larlU·Nishijim8 relation. 

(2) I n ter actio ns 

I' 
Q = I, +-

1 

The Lngrnngin ll of elcctroweak sector of the S~ I is given below: 

L = Lc + IJI" + IJII . (2.6) 

These th reo terms of the Lagrangian represen ts I he fundamenta.l int.er­
actions of t.he S~L T hese t.erms are described one by one as follows. 

(i) Gauge fi clds 
The lIon·Abelian gauge group SU(2) x U( I ) is generated by the 

isospin operators (II ! 12 , / 3 ) and hyperchargc )". The isosiuglet 8/. a nd 
iso triplet. I\I/~ ~ where n= 1, 2, 3 give the following fi eld strength tensors. 

(2.7) 

(2.8) 

where 92 is known as lion-Abelian SU(2) gauge grolll> coupling con­
slalll. "(ance the Lagrangian for gauge fields has lhe following fonn 

L. = -~ I V" II ·IIV, .. - ~B 8/1V 

(J .. J /JU "',,, ' 
(2.9) 
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This Lagra ngian r~lIl lli llS invarianl under th(' .'iU(2) x U( J) non·Ahclia ll 
gnuge lransforlnaliolls. 

(ii) FCl"rnion fields and fe rmion - gauge interactions 
Each leplon family has l he following l('fL Ilflndcd fennioll fields} 

1jI t.. _ j+ 

( 
,~I. ) 

j - 1jI ~.- ' 

which nrc grouped into SU(2) doublet wilh family index j wi th com· 
I>Ollent index C1 = ±, while the right hnnc1t'C1 fields a re grouped into 
Singlet 

Ill: = 111:17 • 

If the reinti ns given in Eq. (2.7) and Eq. (2.8) nrc fulfilled then each 
right and left ha nded mul ti plet are lhe cigell s la te of Y (weak hyper 
cha rge). The fel'mion gouge field inlcrnctions nrc included in lhe co. 
variant deri vnlivc Lhol is given below: 

n,. = fJ", - i!J: J .. JIf/~ -+- 19' ~ B,. (2.1O) 

The fermion gauge field interactions arc given by the following La­
gra ngian 

(2.JJ ) 

where 91 defin es the coupling cons lolll of Abl'IhUl gauge group U(l ). 

(iii) Higgs fie ld a nd t he Higgs interactions 
For the sponta neous symmetry breaking of the gauge group SU(2) x 

U( l ) to the group U( l )f:ft. that remains unbroken , the gauge fidds nre 
coupled to n s ingle complex scalar field I hnL is doublet . 

with hyperchal'g(' V = 1 through 

l. /I = (D •• <I» t(l),,<I' ) - V{<I') , 

where ti l(> C'omri nnl derh1ltive is definNI n.q 

I" /) . I Ill" . a,. J" = I' -l92 II I' +1912 ' 
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The self illteractiolls of Higgs field 

(2. 14) 

nrc conslruct(-'d in such ft manuel' thai II) has non zero vacuulll e.xpec­
tnt.ion \'Blue, Le . I 

where 

«1» =_1 (0) 
.J2 u 

21L 
v=-

J). 

We call write the field (l) (x) that. is given in Eq. (2. 12) OS follow 

(2. 15) 

(2.1G) 

The' \':\C''Uum (,XPCf'lfition \'alues of the' <1'+. II , \ ('omponent;; ,l fic-In nrc 
zero. 

The illvnrinnce of Lograllgian implies that (1)+ -' \ components ca ll be 
go uged own)' which makes them unphysical (ll iggs sector or would be 
Goldstone bo:o;ons). POI' stIch particu ifl r gauge t he form of J-liggs field 
is g i von below 

'I> (x) = ~ ( v + O,,(X)) . 

The physica l lIiggs is defined by the real I/ (x) that. explain the smnll 
vibrations around the ground state. 
The fermiolls get. their masses by interacting with Iligg:; through YUAAwa 
coupling t li nt nrC' given below 

(2.17) 

The mass term of fermion follows from the v part of 11,016] . The physics 
laws related to the weak a nd electromagnet ic illteractions bclwccil the 
leplons arc hummarized in the Lagrangian L. It. a iM> gh'e::. the predic­
tioll abouL tho :;c1f interaction form of guugc field!; . F\II'lIH.'nllorc, the 
fundamental particles like gauge bosons, fcnnions and lliggs itself get. 
their masses Lhrough lIiggs mechanism 17J . 
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2.3.4 Masses and mass eigen s tates of particles 

1'0 get mass from lI iggs boson1 we rCI>lncc 

['I> ---+ 0 ~l ' .f'i 

ill LlIC Lflgnt llgiull of Higgs boson given in Eq. (2.13). By doing Lllis it 
appears Lha\. Lhe symmcLry SU(2) is los t but 1 his is only apPflrCI1 (, a nd 
exist in hiddell fortn . T lte local ga uge symmetry U( l )em is preserved 
in the resulting LAgrangian [7]. 

SU(2) x U(J) ---+ U( I ).rn 

(i) M,ass of gauge bosons 
In the basis (/3 1 IV), thc mass matrix for gauge bosolls is 

III th non diagoll81 fonn this nmtrix gi\'cs lIIass to t he vector hOSOIl5. 
The c1targcd wenk gn llge bosons receive t he Ill flSS by Lhe followillg equn· 
l ion 

(2.18) 

The bosoll SLate I JI± can a lso be defined AS 

IV' - _1_[1-111 ± 11/'[ " -..J2 I' ,,' 
(2. 19) 

The mass term for the neutral gauge bosons gives the following IlIAtrix 

II' _ 1 (urI' g",g~l') 1 1/ . -- ,.J r2 ' 
... ..J. gwuw Ow 

(2.20) 

As the delenllinall t of above matrix is zero, so one eigcll value of Af3r.o 
is obviously zero. The diagona lizalion of the nbove matrix by the 
fol lowing delilliliOlI of fields ZIl' A,. gi\'es 

A,. = COS 811' 8,. +sin OIl' IV: , (2.21 ) 

and 

(2.22) 
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The above Eq. in matrix form can also be written as 

(I:,. ) = ( COSO", Sin OII' ) (a, .. ) 
ZjJ ~ sm Ow cos Ow W,~ 

(2.23) 

Then we got 

M1 = 0 . 

T his implies t hat A" is representing the photon (massless particle) . 

Here 

'1, 1(, ")' 
/I z="4 911'+911' v 

, 1 , '( 1 ) Mz = -91VV 02 ' 
4 cos IV 

I. ,. 
tanOw = -

91V 

(2.24) 

(2.25) 

i. e., the ratio of coupl ings of SU(2) and U(l) define the mixing angle 
Ow. 
By introducing a parameter 

p = M2 cos 02 
Z IV 

and using the expression for M'k, we obtain 

p= 1 . 

This shows that Higgs field is doublet under SU(2)L !8J. 
The mixing angle appear to have large value experimentally i.e., sin2 Ow ~ 
0.23. T his value is far away from limits 0 or 1, which shows that mixing 
effect is large. This resul t explains that the weak and electromagnetic 
interactions are actually the demonstration of unified electroweak in­
teractions. From here we can also conclude that the weak and electro­
magnetic interactions are unified tru ly in the electroweak sector of the 
SM. The relation between the value of ground st,atc of I-Tiggs field and 
Fermi coupling constant is 

, 
911' 

8M?v 
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In the /1 d('('ay Hud by combining wilh t!lf' fo llowing mass rcia tion 

± 1 1 1 
AI1\' = 4911' tJ 

we can deri ve the va lue of v 

fk v-
- .j2G,.· 

u'" 246 Cell 

(ii) T he m a ses of fcr mjons 
The fennions i.e., leptons aUain their mass by interacting wi th 

ground slate of Higgs field through YUkaW8 int eractions. 

U 
AI, ~ 9, 12 , 

wht're 9, is the coupling constant for YUimwH illl.crnctions and u is the 
ground state (vocl1um expectation) va lue of lI iggs. 

(iii) The mass of H iggs boson 
The real field I/ (x) that illustrates the' :>lIIali vibra tions a round 

the groulld ::,tutc of lIigg:; inform liS about the physical spin 0 neutral 
particle having IlI OSS 

l' r. 
"''' ~ 12 ~ v AV 

where ..\ is the coupli ng constant. This session is conclude by the re­
marks gi \'en below 
1) The presence of weak neutral current having the same effecturu cou­
pling constant I\S thot of charged give explicit predict ion of the unifi­
cation of electromagnetic and weak interactions. This current is con­
firmed cxperimentally. 
2) T here is only one free parameter in t he lheary thai. is sin2 Ow' 

2.4 Limi tat ions of t he Standa rd Model 

The S~ I is n :SllcCCbSful tnodel as it well rnntch with the experi mcntol 
data obtajned from particle accelerators, The evidences for the physics 
beyond the S~ I nrc vcry small from the experimental poin t of view but. 
fhe S~ I has many theoretical deficits lImt should not be appear in a 
basic theory. SOIl1(, dd icits are as follow: 
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• As Slvl has only left handed neutrinos and not right handed, so 
the Higgs mechanism can not. give mass to neutrinos. So generally 
mass for neutrino is a problem in the Slvl. 

• Asymmetry between matter -antimatter can not be explained by 
Lhe SM. 

• There is no quantum interpretation of gravity, we have no way 
that the SM include general relativity in terms of Qr-'T. 

• Also the gauge hierarchy problem is not explained by the SM 
i.e., the large energy gap betwccn the Planck scale related to 
gravity and electroweak scale at which t he electromagnetic and 
weak forces combine. 

• Without some restrictions the Stili can not. be an applicant for t.he 
unification of all forces at a certain energy if such a theory exist. 

So the above points shows t.hat. the St-. I is a low energy demonstration 
of a t.heory which is more fundamental. There are some theories which 
are proposed for physics beyond the SM like grand un ification theories 
(GUTS), tcchnicolor, supersymmetry (SUSY) and extra dimensions 
Lo name t.he few . In present. dissertation we will foclis 0 11 t.he ext.m 
d imcnsion framcwork specially Randall Sundrum model (itS), t.hat is 
explained in detail in t.he nex t chapt.er. 
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Chapter 3 

The Randall Sundrum model 

The hierarchy between the Planck scale and weak scale receive the new 
explana tion in the model given in PO, l1J by Lisa Randall and Raman 
SundrulTI in 1999, which is known as Randall Sundrum (RS) mdeL 

3.1 Setup 

This model considers the presence of an ex tra dimension that is COlll­

pactified on a circle. The above and below halves of the circle are 
identified in figure 3.1. given below. 

• 
'; r "\ • 

_ 2~f-...:.L-"----l , 
.~ v' 

• I J , .. 

Figure 3.1: $' /Z2 orbifold 

This means tha t work is done in S' / Z2 orbifold. Where Z2 is 
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mul tiplicative group {- 1 ~ 1} and S' is representing the sphere having 
one dimension (i,e., circle). This construction require two points which 
are fixed, one at y = 0 (origin) and other at y = 7r R = L. T here is 
foUl' dimensional world on each of these points. These worlds having 
(3+1) dimensions bounding the five dimensional (5D) bulk are known 
as 3-branes. These two 3-branes are separated from each other by a 
distance L as shown in Fig. 3.2 

, 
I 
I 

/ 

I 
a.brnne I 

v 
, ,1/ , / 

!4D Y ,. V 

l 

/ '" 
sDbulk 

a.brlU'lfl 

A 

,-
~o~~----------------~L~------~Y 

~ 

• 

• 

'" /' 

~ ..... 
Figtrre 3.2: Randall Sundrum setup 

3.2 The Einstein H ilbert Action: 

The Einstein Hilbert action in general theory of relativity give the 
Einstein field equation. 

s = _1 JRh d' X (3.1) 
2K' 

, 8 G - . K = 7r ,c 1 

where G is gravitational constant and c is speed of light and R is Ricci 
scalar. 

3 .3 The warped m etric 

First of all we search for a metric that corresponds to the above setup. 
As we are searching for that solutions of Einstein equations which may 
sui table for the real world. 
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If we derive 40 universe from this theory then it. should be Hat. a nd 
static. This gives following Ansalz 

(3.2) 

where 'II'" = diag(. l ,J ,J ,l } is the 40 to,ilillkowski mct.ric a nd t. he factor 
e-2A{jj) is known as warp factor. The above metric is non-factorizable 
because it depends upon the y which is extra dimension coordi nate. 
This implies that , it can not be written as the mul tiple of a rn anifold 
ex tra dimension and Minkowski mcLric. To determine A(y} we have to 
determine fi D Einstein field equa tions. 

3.4 D erivation Of E instein Field Eqnations 

Let's st.art with the nclion 

S = SII + SM. 

where SII nnd S~, nre representing Eisenstein llilbcrt action and Inatter 
part. of action respectively. 

(3.3) 

The action principle give us information tha t varia tion of above act.ion 
with respect to inverse mctric is giving zero, i.e., 

8S=0 , 

0= / 1-1 {on + RfJ{F9))+o{FYDA/)18y""I_grI'X, 
2K' 6g·" l-g5g"" l-g6g." 

Above equation is true for every gPfJ . So 

(3.4) 
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The above Eq. (3.4) is the equation of motion for the metric field. Its 
righL hand side is d irectly proporLional to Stress-energy tensor i.e. , 

3 .4 .1 Variation of Riemann tensor, the Ricci tensor and Ricci 
scalar 

We defi ne Ricllllna nll LCllsor as follow 

R' - 0 f ' -8 L" + r P r.\ ~r" r ' 'g l'" - °1' IIg "I,g I')' . IIg II), - I,g 

As RienUl!l1l Carvaturc tensor is the function of Levi-Civita (r~IJ) ' so 
its variations can be determined ns 

The variation ill Christoffel syrnboh; (&r~,.) can be obtained by the 
difference of two connections. and t his is the tensor, so its covariant 
derivaLive can be determined as 

'V), (6r~l') = a),(&r~,,) + r~),Jr~!, ~ r~),J r~u ~ r~), r5 r~g . 

Correspondingly the variation in Hjemann curva ture tensor can be e.,­
pressed as below 

{) R~,w = 'V I' (Jr~:O') - 'V" (r5r f,g) (3.5) 

Defining the Ricci Scalar as foll ow 

The variation in Ricci Scalar by the inverse metri c is given as 

(3 .6) 
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By contraction of indices we can simpli fy the change in curvature ten­
SOT, as follows 

' 11_ II "W + n ( 'W' ['. _ ".'['P) 
CJ - /w CJ!J Va 9 CJ " I' [) () PI' . 

As 

(3.7) 

and by Illul tiplying above equation by.j-g, we get total derivative as 

.,j-g'V" AP ~ a" ( .,j-gA"} (3.8) 

Integra.ting and using Strokes Theorem will give us the boundary term 
only. The change in metric 6g l'" disappear at infin ity. therefore, this 
term docs not take part in the variation of action. This giVC5. 

and w 

oR 
-,- = R,w ' 
ugl-''' 

3.4.2 Variation of the determinant 

I n above equations we used 

Using the rules of differentiation, t he inverse of the metric is 
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The eqution or lIlot ion is 

R _ _ y",,_R_ = 8rrCT,u; 
~II 2 ~ 

GMN = H,\IN - ~9MN U = t.,'J'1"AIN , (3. 12) 

where l he AI ond N h8vo values O. I , 2, 3 a nd 5 Dnd 50 Newton 
constant is c1f'flnNI as 

, I 
, = 2M' . 

The energy mOlllentulll Lensor is defined AS 

so in the action t he U'nn whicb is like J-g\' where \ ' is constanL 
related LO 0.11 t' llergy moment uill tensor equnl La "g/llN. 
'fhe Einstein tClihOr correspo nds to t he metric whose parametrizntion 
is done in t he Eq. (3.2) a nd has been dOllo in nex t section. 

3.5 E instein tensor 

We want to determine the Einstein tellsor ror t he rollowing metric, 

ds2 = e-'HC.)" I, .. dxl'd.l·" + dy'l 

rls'l = 9MN(!I)d:rI'dJ" 

where 

(3.13) 

I t.s in verSC is 

(3. 1'1) 
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3.5.1 Christoffel Symbol 

p 1 PR rMN =?l9 (OM9NR+ON9nM-OR9MN) (3. 15) 

9MN only depends on extra dimension. 

OL9MN = OS.9MN = 05 .91111 (3. 16) 

so non vanishing Chrostoffel symbols are of two types only. 
Take 114 = J.L , N = v, P = 5. So Eq. (3 .15) can be wr itten as follow 

r ' I 'R( a ) flV = 29 - R91'" , 

Take R = 5, one gets 

(3.17) 

then 

Or.91'" - 8s(e-2A(~)7]/"') 
- -2e-'A(Y)a,(A(y)),I, ... 

putting it in Eq. (3. 17), we get 

r S = A'(y)e-2A(II) r/ 
I'" I'" 

(3.18) 

using P = v , /1,1/ = 1./" N = 5, the Christoffel symbols becomes 

r " I ""(D ) 1-'& = 29 59115, 

Now take R = p 

(3 .19) 

Blit 

Therefore 

and inserting it in Eq. (3 .19), we get 

(3.20) 
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3.5.2 R icci Ten sor 

The Ricci tensor in 5il. can be expressed as 

/lMN = Up r'flN - uN r f", + r~QI"'~/N - rrvQ r~fP 

Take R. =O",Q = 5, P =5,Q= 0",/\4 = /I., N = I) , we get 

Before proceeding, one has to keep in mind tha.t 

Now use the values of Christoffel symbols calculated previously 

(3.21) 

85(A'e-2Arh".,} + (- A'o:}(A'e-2A1]",,) - ( Ale-2A " I"u)(-A'OI~) 

(A" - 2AI'l}e-2An _ Al'le-2A
'71 - (A'e- 2A 'J1 }(-A'6U ) 

' I,W 'II'" 'WU I' 

(A" - 2A,2)e-2A1J,w - A12 e- 2A1J,w + A,2e-2A''1111
1 

As 

Therefore, 

R,w - (A" - 2A'2}e-2A 'I7,,,, - A,2e-2A '71'" - A'2e-2A11,,,, 

R!w - (;\" - 4A,2 )e-2A17!", , 

We have 

By using above expression, we get 

R im 

RI1 5 

::::} 9,.5 

(A" - 4A' 2)9!", 
o 
o 

R55 - -85 1"'Su - rSpr~u 
- 4A" - 4A,2 
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3.5.3 Ricci scalar 

With Ricci tensor in hand , we can define the Ricci scalar in 5d as 

R ~ gMN Rrl/ N 

I'"> I'" II lili II 1 ~ q 1",+[1 ·M· 

Using t he expression for Iflw and H.ss 

II 
R 

r/'''(AII ~ 4A'2)g/w + gli5(4AII - 4A'2) 
g/wgw,(A Ii ~ 4A'2) + gfi5(4A" _ 412 ) . 

As (11w (I = 4 and nliS = 1 therefore . . I'" . ."J , , 

R ~ 4(A" - 4A'2) + 4AII - 4;1'2 

= SAil - 20;1,2 . 

3.5.4 D erivation of Einstein t ensor 

\Ve know LhaL 

(3.23) 

(3.24) 

(3.25) 

1 
G,," = lI,w - ,//,,,, II. (3.26) 

using Lhe \'aitlcs o[ R/w from Eq. (3.22) and of R [rom 8q. (3.25) in 
above expression , we geL 

G/w = (6A'2 - 3;1I1)g/w , 

and 

I 
Gss = Hs'<J - '2gs'<JR . 

Using values Rand RSli from Eq. (3.25) and Eq. (3.22) respectively in 
above expression , we get 

Goo = 6A" (3.27) 

As 

t herefore 

(3.28) 

and 

Tris = -J\. 
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So we can wri te 

-/I 
G" = 2M' (3.29) 

Above equation shows that the real solution is possible only for A if 
the value of cosmological constant is negative. So the space which lies 
between the branes is anti-desiUcr space (AdS5) i.e., a space having 
negative curvature. 
By equating Eq. (3.27) and Eq. (3.29), we get 

AI2 = -A =,...2 
121'1'':) 

Taking square root on both sides, we get 

A'=±~ . 

Therefore 

dA 
- =±K 
dy 

integrate both sides \V.r.t y , we get 

J dA = ±~ JdY, 
A(y) = hy. 

(3.30) 

(3.31) 

(3.32) 

We require a solution that is invariant if we replace y by - y , so we 
take 

A(y) = "Iyl . 
Eventually, the parametrization of metric in the RS model can be done 
as 

(3.33) 

Where- L ::; y ::; D. The expression [or Einstein tensor that we have 
found is 

Also we have 

A(y) = ±~y . 

Differentiating above w.r. t y , we get , 

A'(y) = sgn(y)~ . (3.34) 
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By using t.he heaviside function we can wri te t.he term sgn (y) as 

sgn(y) = O(y) - 9( - y) 

Taki ng derivative in Eq. (3 .3,1)1 we have 

The above delt.a function comes due to twist of A at the brane tha t is 
placed at y = a and there also comes another delta that ar ises due to 
twis!' at the second brane that is placed at. y = D, so the expression for 
A" becomes 

11" = 2K(O(y) - o(y - L )) . 

Inserti ng these expressions in the Einstein lensor, we get 

(3.35) 

therefore, we have 

The leading term of Eq. (3.35) corresponds to energy momentum t.en­
sor. T his implies that 

J\ (Y) M y) A ·'b' ) 

~ 1/ I 
L 

0 L 0 L 0 
. y 

Figure 3.3: T he funct.ion A(y) and its first and second derivatives. 
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The second term of Eq. (3.35) does not match to a ny tenn , so this 
problem is solved by contri but ing the energy densit ies of both branes 
one a t y = 0 and other at -y = L. These are a lso known as brane 
tensions. We can do it by by cont ributing a term [or each brane in the 
action. The energy densities of brane first (y = 0) aJld brune second 
(y = L) are ~\I a nd '\2, respectively. \'Vri t ing 

51 = - / d~ . I: J- !J I"\1 = - / d~ :l:dYFY"\l o(y) 

S, = - .I d' Xj - g, A, = - .I d' xdy j-gA,J(y - L) 
(3.36) 

where 91 and 92 are represent ing the determinant of metri cs correspond­
ing to firs t and second brane, respectively. 
Dista nces aeross the branes can be defined by the matrices induced on 
the bran es, Le., 

where 'i = 1, 2 and YI = a , Y2 = L. Compa ring a bove equation with 
met. ric of Eq. (3.33), we getgl = go(y) ami 92 = gd{y - I,,) . 
As 

9fJ5 = 1 , 

to assure E instein equa tions, we require to apply [ollowi ng relat ion 

Squaring bOLh sides, we get, 

,~ _ ( 1 2",3)'~2 

- 1\ 

by using it in a.bove equat ion, we get 

" A = - 12M3 

(3.37) 

(3.38) 

From Eq. (3.37) and Eq. (3.38) we are able to know tha.t lID universe is 
smoot h and sLeady. To obta in a disappear ing effectual 40 cosmological 
constant the 4D brane origins are compensated by 5D cosmological 
consta nt 
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3.6 Exponential H ierarchy 

The next task is to know a bout the physical sca les for case when a ll 
the matter fields limited on the second brane. Let's take a scalar fie ld 
(say '·Ti ggs). The Lagra ngian for I-riggs fi eld is 

L = (D"q})( D"q,) - ,\ (<P'q, - v')' 

L _ D" 1/ ' DJ/ _ ,\ (1/ ' 1/ _ v')' 
_ g~" 0 /,1-1' 0,, /" - AUft I-I _ '1)2)2 

Action for Higgs sca lar field is 

SlIiY!J s = J ctI1tV-g2[, (3.39) 

Here /-92 is used so LhaL volume did not change under Lorentz Trans­
formation. Using value of L , we get 

5'IIiY!J$ = J d,I,cJ-Y2 [g~" DII N t IJ,JI - ~\( J-I f N - v2)2] 

We have 

/11' _ ..,2..:1111,],,,, 9 - I.. , 

ror brane at y = L, it, becomes 

So the action becomes 

Sf/iygs = J rti:J:J- {J2 [C2"L,."11'" °1, {I t 0 ,, 11 - /\ ( lI t II - V2? ] 

- J d'I.'Ce- '\';/' [e2"L.1/ IW OlIN ' D ,,JI - "'\ ( I-I t H - V2)2J 

For canonically normalized aeLion, use 

H = e"''' H, 
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aft('r simplification, we get 

S",,,. = J d'I [,,,." DJit D.ii - A(ii' ii - (e-·L)'J'l (3.40) 

Til£' nbo\'p uc'l ion is clone:> for normali ... .ed IliAAli ~wnl nr fie:>hl, Thf' vacUllm 
expec tation valuc call be e.xpl'essed exponenl ia.ily as 

-1( /, 
velJ=e U, (3 .41 ) 

Si nce all t ile luns::! pal'funeters get mass 1'1'0 111 the vacuum cxpcclaUon 
value of lI iggs in the St-. I, so all the mass pa rllllleters have suppressed 
cxponentially on t he brane that is prcscnt at y = t.. (second brane) , 
The apPMent l liggs mass will goes to weak scale for the magllitudc 
of bare Higgs mass of Planck scale order. Due Lo this, the brane that 
is present at y = 0 is known as "Planck untlle" a nd branD that is aL 
y = L is known as ''TeV'' brane. M", = 10 16Mp/m.d" the suitable 
magnitude of eXlra dimension 's size is 

~ /J =:::: lnlO l6 ::::' 35 , 

To know thai this exponential e.xpressioll is frtlitfullo solve lht' hierar­
chy 1)1'oblelll or lIol, it must be known that whnt is tilt> t>rr(,(,l of exira 
dimension on the gl'J,\'ity's effective scnlc. Wc cnn get this infunnntion 
b.v lhe pro<'e;s thAt the 50 action gives lh 10 action. 
If w(' J>crt lll'b('(1 the action of Eq. (3. 1) aboul the background melric 
that. is used in Bq. (3.2), we get. fin expression which hAS following 
sechamntir fOl'ln, os 

,<; 3 J\l3 J (/.1:/· 1: rlye-2"11I1 J - r/(O) n4IJ( ,,}~~)) 

= AI' 1: e-""'dy J cI'n/-g(O) fr''' (hi?2) 

Sint'e f:1., clyc- 2l(M is symmetric a nd is 6 n eV(,lI inlegral. So 

Therefore 

f
l. 

dye- 21<1,1 = 2 foL tiyc-2"11I1 
- L 

39 



Hence, 

(3 .42) 

/ 1 / 1 
/ 1 / 1 / / 

Planck / At - JIlT! / J / 1 / / 
/ / 

( 
~ , 
2 

u",= exp(./,oy) u ri 
/ .~ 

Y hidd"l1 / ~ / / 
/ " / / T,V 

/ / 
I / / 

0 L 
Y 

Figure 3.4: The gcnerot.ion of exponent.ial hierarchy 

Above expression is relat.ed with the 40 action. From above ex­
pression the eft'ecetive 40 Plan('k mass has vfllue 

M;I = M3 ( 1 - :-21<L ) (3 .43) 

This shows that if value of KL is large, the Planck's mass clepends 
weakly on the extra dimension 's size. 
From two resul ts that are given in Eq. (3 .41 ) and Eq. (3 .43), we 
observe that the weak scale is suppressed exponentially down the extra 
dimensions. However grav ity scale mainly did not depencl on it , as 
shown in Fig. 3.4. 
In conclusion, an exponential hierarchy could be created among the 
weak scale and gravity scale in a theory in which magnitude of all bare 
parameters could be calculated by Plank scale. l·lence the RS model 
gives actual solu tion for hierarchy problem . Effective Pl anks Ill ass lasts 
finite also for decompactificat ion limi t L --7 00. For the limit L ----+ 
00 we have only single brane ancl is ca lled IlS Model II. 

3.7 Graviton modes 

To know about. the work illg of gravity in the RS model, we should first 
know about t.he gravitons and their mat.hemat ical expression that is 
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related with the li\'tle fluctuations hMN(X, y) about the following back 
grollnd metric 

This can be obtained by calculating the solution for linearized Einstein 
equat ion. 

3.8 Conformally flat metric 

Confonnally flat metric is a metric that is proport,ianate with the flat 
space. To get it we relate the previous extra dimension var iable"?/' 
with a new variable uz" by 

By integrat ing above equation, we get a consta nt tha t we set ill slich a 
way thai for zero va lue of "z" we get zero value of ny" . This leads to 
the followi ng result 

The metric for this new variable becomes 

d ' - 1 ( L ." L "+ d ') 8 - ( I I )? /7/",( X ( :r: y. Ii. z+ l -

So t he can fannally flat metric is written as follow 

ds2 = e-2A(z)17M NcixM 1l.1;N , 

where .1;5 = z and A(z) is specified as 

e-2A(z) = 1 
(~1z1 + 1)2 
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-2A(z) In(Kl zl + 1)' , 
- 21n(Klzl + 1) , 

A(z) - In(Kl zl + 1) . 

Now, we find derivative of A(z) \V.r.t z 

A'(z) = sgn(z)K 
Klzi + 1 

and by taking double derivative of A(z), we get 

All = sgnl(z)~ _ ",2 

'Izl + 1 (K(Z) + 1)' 

Finally 

A"(z) = 2K(.(Z) - .(z - L,)) _ K' 
KI z 1 + 1 '( K' I z'l -'-+-01",), 

where we lIsed 

sgn'(z) = 2.(z) . 

3 .B. l Linearized Einstein Equations 

(3.45) 

(3.46) 

If the conformal transformation of a metric 9MN is the metric gMN, 

Le., 

- 2A-
gAIN = e 9MN, 

or 

'A gMN = e 9MN · 

T hen the specific Einstein Tensors are affiliated by 

G'-IN(g"N) = GMN(!h-IN) + (n - 2)1V "AV NA + V ,.,AV NA 
- - n n- 3 - -

-gMN(VRV - - 2- V RAVIlA) (3.47) 

where 11 represents number of space time dimensions. Now we derive 
the expression given in Eq. (3.47). We know that 

-2A­
YM N = e 9111 N) 
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In above_cqs. \1 M corresponds to rlMN and 'V ,\/ corresponds to fiA/N. 

\1M and\l,l{ are related by following equat ion 

- R 
\I"'WN = \lMWN - r ,l/NWlt (3 A8) 

where 

(3.49) 

If we reverse the rul es for \! and \I in above equations, then we get 

0 1' 

As 

flud 

we have 

- R 
\lA/WN = \1MwN - r MNwR , 

r R LRS[~ - ~ - ~ - J 
MN = 2g v M 9 N.') + v N 9 M.') - v 8 gMN . 

\1MgNR=O, 

Using all these values in Eq . (3.50), we get 

r~?1 N = gRSyNS \1 M A + gRS gM.C,·\! N A - gRS gM,S· \1 sA , 

as gnsgNS = bfS so above equation finaJly becomes 

r f/N = bl~ \1,1(A + bfl \1 ,vA - gRSgMN\1sA . 

Jt can also be written as 

I"~~N = 2bHCI/\1N}Jl - gRSgA'INVSJl. 

Now we will to perceive the relation for nX,NIl' We have 

\1A/\1Nwn- \1 ,v\1MW/I = RX/,vRWS' 

As 
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so 

Inserting the value of 'V NWn, we get 

Similarly 

'\h/'VloIWR ~ aN(8/1-IWR - r J'/RWS) - r~M(&rWR - r~RWS) 
'I' s - f NR(O,."WT - f ./W[-ws) 

Inserting these expressions in Eq. (3.52) and using rI,N = r~A-I' After 
simplification, we get 

R x'I NRWS = -aMr~'RWS + ONf XlRws + rr'Rr~TWS - r~RrXrrWs , 
and it can also be wri t ten as 

s S S TS T S = H ,llNn - \1 M f NfI + 'VN f III/? + f,\/Rf ,y'r - fNRf MT 

Using Eq. (3 .51), we get 

-5 S S S n RMNR = Rio/Nil - 'V M(On'VNA +ON'VRA - 9 9NR\JTA) 
+\1 N(&~\l MA + O~, \l nA - gST 9Mn'V'J' A) 

T 'J' 'J'F' +(oR'hIA+o,,'VRA - y Y"n'VFA ) 
(o¥'VNA + o~'VTA - gSl'gN'I' 'V FA) 
-(oh'VNA +o~'VRA - gTFgNR'VFA ) 

(of-'V "I A + O~I 'VTA - g5l'9'1'1''V FA) (3,53) 
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In above equation we inLcrchange N H M in term (22) and N H R in 
term (2lJ) and then simply we obLain Lhe followi ng equation. 

-S S S S1' S 
ItMNR = RMNR -O,./VMVnA +g 9NnV,\/VTA+oMVNVIIA 

n S SF S -9 g",u'h/v,/,A + oN V ",A V /1A - 9 . 9NnV MAV pA + 15M V nAV NA 

-9SPgN It V /fA V/.·A + J~/ V/IA V N A + o~, VilA V M A - gS/" gNM V uA 'V /.·A 

_ ,qTPgllmV /.,I\V Nlti5~, - (~Xl V N!lV nA + gSF9MRV NAV pA - (5~ V RAV MA 
S' "I-' '1'1-' ., -V;I/VnAVNA+y' gMNVRAVpl\+g YNRVFAV'I'Ao;\/ 

Again by doi ng some simplifications, we obtain 

-s s 
HMNIl = nMNR+O~IVNVRA -()~VMVRA-gSTqRMVNVTA 

<;"1" s S' +g' g/mV},f VTA + V },fAoN V nA - V NAV~I/ VilA 

-'VMA,qNllgSPVpA + 'VNAg,\lngSFVpA 
S 'JT S 'I"/' -YRMONg . V,.,AV NA + 9lmOj\/g . V pAVTA . 

By cont.ract.ing over Nand 5, we obt.ain 

RMR = RIIIR+OX/VNVRA-o~V II 'fVnA-9sT9RMVS'VTA 
+g <;:'/'gnsV AI '\iTA + VA.,Ao;VIlA - \7 NAV;i, 'V nA 

g!W9SFV MAV pA + V .r:; A9MR9SPV FA 
S TP S 'IT -91l1l/os9 ' VFAVNA +9IlSIiM9 ·'VpAVTA. 

AS o~ = n 

or 

RMll = RIIIR + V,\./VnA - nVIII V I1 A - gngRMVSV'/'A 

+'VM'VnA +n'VIIIAVR A - V'M AVn A 
TF - V II1 A\7 nA +9Mn9 VrAVpA 

TP '1'r -nYRM9 . V pAV'TA + 9RIII9 . V pAVTA . 

After more simplification, we get 



We have 

Vie know that 

, - --'I' fHR - R . /lin - " 

t herefore, 

H = e- 2A { r/,fl? RMR - (n - 2)r/,fR\1 '" \1 RA + (n - 2)g/llR\1 ",A \1 RA 

_ gST gMflgAff(\1S\1.,.A _ CIl - 2)y"'fHqMngST\1s A\1TA} . 

Also 

gMU{JMR = n , 

By cha ngi ng T --1 R. and S --r "'! we have 

R = e-2A
{ R - (n- 2)g"'H\1M\1nA + (n - 2)gMR\1",JI\1 RA 

-ng'" R\1 II! \1 nA - n(n - 2}g,\f R\1 M A \1 f?A } 

By simpli fying, we obtain 

R = e- 2A
{ R-2(n-2)yA/R\7A/\7RA + (n- l)(n - 2),gMI1\7A/ A\7RA} 

(3.55) 
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The Einstein equation is 

G,I/R (3.56) 

Usi ng toe defini tions of these conformal transformations, we have 

G ,I/u = RlIlR+(n-2)[ -V,\IVnA+VMAVnA] -9I1f1!yS'I'Vs V.,.A 

( 
ST - n-2)9Mng V sAV.,.A 

- ~911IRe2Ae-2A { R - 2(n - 1 )y ll1f1 V /01 V nA - (11. - 2)(11 - l )yM I1V/ol A \7 nA } 

By rearranging the above equation and replacing 1t4 --t S and Ii. --t T , 
we get 

RMR - ~9MRR + (11. - 2) [ - \7MVnA + V,\/AV nA] ST 'I' - 9 \I \ITA 

) 
T ST -(n-2 YMnV AV'f A +gMRg (n -1)VsV.,.A 

(n - 2)(n - l) ST 
+ 2 YMRY Vs AV,/,A 

GMn+(n-2)[ - VA/V I1 A +V,\f A +VnA] -Y/lf/?VTVr A 

(3.57) 

T T· ~ - ~~ - l ) 
-(n - 2)YIlf/?V AV'/'A +9MnV V '/'A(n. -1) + 2 gMn\7sAV'l'A 
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As 

and 

I3y llsing above definition, we get 

The R.S model described above is the simplest RS model in which there 
is a great problem for the electroweak precision parameters because 
the mass of lowest lying J(K modes is of the order of 10 TeV which is 
beyond the reach of LI-lC. This problem can be solved with enlarged 
custodial symmetry by which the RS model become BLeady with the 
electroweak precision data for KK scales even as low as (2-3) TeV. 
The increament in the mass of lowest lying KI< modes in t he case 
of simplest RS model is due Lo harmful contribution to T parameter 
and contribution of excessively large corrections to left handed Zbb 
vertex.So with the enlarge custodial symmetry both the Zbb vertex 
and T-parameter are protected. 

3.9 Custodia l Symmetry 

T he Higgs Lagrangian is 

(3.58) 

where 

(3.59) 

is the Higgs potential and 

(3.60) 
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is t he covoriollt. dcrivoth'c. 
T he Iliggs Lagragitul does not challg~ under 8(1(2)1. x U( l )r symmetry, 
but there can be au accidcntal (approx imote) global symmetry in thc 
II iggs Lagra ngion also. To check it we use the rollowing process 

(3.61 ) 

where ¢ is Lh e double!. field of the Higgs find ¢+ nnd ¢>- tH e its COIl1 ~ 
poneliLs a nd 

(3.62) 

is also cioubll't Hnder SU(2)L. Tbe Higgs field in terms o r mAtrix is 

l. 1 (",0' <1>+) 
<I> = l2(c</> ,</» = 12 -</>- pO . 

So the Higgs Laglangian corresponding to til(> matrix field is 

LIf , ... = T"(D"'I»t(D.,<~) - \1« 1» . 

IIf're 

and 

(3.63) 

(3.6~ ) 

(3.65) 

(3.66) 

The third lerm ill the lasl equation have 0"3 which is due to opp()l)ite hy­
pcrcilarge or ¢ and trfJ·. T he Higgs mul rix field under gauge symmetry 
SI1(2),. x U( l )y is wriLten as follow: 

(3.67) 

U( I),- : (3.68) 

l hC' 0"3 in the exponentia l appear because tP and ((p. have o pposite 
hyperchargcs. So the term 

(3.69) 

is invariant ulldrr SU(2)L. To obtain the approx inmte global sylillnelry 
obviously, it is nccCt;.')flry lhat. t he hyperchargc coupling d isappear g' ~ 



o. By this limit the Higgs Lagrangian remains in the same form as given 
in Eq. (3.58), but the gauge covariant derivative changes to fo llowing 
form 

.9 
D,, ~' = (8" + "" 2'r. W,,)<l> . (3.70) 

Therefore, in chis lim it , we obta in that the Lagrangian has global 
SU(2)R symmetry. H can be wri tten as follows 

SU(2),,: <l> -> <l> Rt . (3.71) 

T his implies the term 

TT(D,,<l»t(D" <l» --> TTil.(f)" <l» t(f)"'~)nt = TT(f),, ~,)t(f)"~') (3.72) 

not changes under SU(2)n. Hence there is a global symmetry SU(2)L x 
SU(2)R in the Higgs sector fo r limi t g' -t a 

SU(2lL x SU(2)" : (3.73) 

In terms of vacuum expectation value, 

< (}> >= -1 (v 0) 
2 a tl 

(3.74) 

Both SU(2) /. and SU( 2)R are broken by Lhe vacuum expectation value 

L < q> >1=< 1> > (3.75) 

but. the subgroup 8U(2)l.+R, is no!, broken by vacuum expectation value, 
associated simul taneously to the transformation of 8U(2)/, and SU(2) n 
wi th L = R, 

(3.76) 

Hence the global symmetry is broken by t he vacuum e.,'Xpectation value 
in t he fo llowing way 

SU(2J,. X SU(2)R --> SU(2)L+I1 (3.77) 

This is known as "custodial symmetry". T here are 3 generators that 
are broken (3+3-3=3) , because SU(2) is a th ree di mensional group 
and due to tuese three generators there arises three Goldstone bosons 
which are eaten by the massless W +, W - and Z bosons to at ta in masses 
througll Higgs mechanism. 

2 I .., 2 
M l l r = 2g~v 

, 1 (' '")' ,J\./z ="4.9 + g~ 'U , 

(378) 
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this implies 

(3.79) 

[I r llcc 

(3.80) 

at t.ree lovol. We can also know about t lte c1IRracleristics or fl. Lhcory 
tI ll'lL is beyOild tIle trcc level by the assist o r custodial SYI IIl'l ie l ry bccallse 
or the symmetry SU(2)L+R that. remain unbroken ror 9' -+ O. The 
rudiutivc corrt'Ctiolls because or the lliggs ond gouge 1>000118 to the 
p parameter have to be proportionate to 912

• e.g. bccause or lIiggs 
boson 's loops there is leading correction in the the p l)arnmCLCr in the 
AI S S<'hclIl(>. 

(3.81) 

ror g' -+ 0 (l'i n2tJlI' -+ 0 ) Ihp nllO\'p rnrrN"liol1 di""ppPAr <:;n the 
parolll('ler p = J is protected by the cru;todinl s.VllullcLry from rodiative 
colTt'cLiollS. 

3 .10 T he Randall Sundrum model w it h cus tod ia l 
protect io n (RSc) 

T lLr r arc ma ny changes that ha.ve bcclI suggest.ed ill t hc model ull d 
each one add SOllie lIew cha racteristic:; ill the s implest. ns lUodel. In 
present cnse we lake lile scenario where Ll le Sl\1 gauge group is eXLended 
to the the rollowing gauge group 

SlI(3)c X SlI(2)L x 511(2)R x U(Ilx x PL,. (3.82) 

The Rondall Sundrum model with custodial protcction (RSc;) {l2 141 
is ddiued by abo\'c group together \\;th Uletric giV(,1l in Eq (3.2). 
The custodial protection is percei\'ed by rorcing the discrl'le PL,R sym­
I1lClry, tlwt gh'cs the mirror actions or two SU(2), .. R groups which 
protects the Z collplings to left handed rennions [151 rrom the e."(ces­
:;ivcly Inrgu corrections. Also this enlargement or go uge grollp made 
RS modI.'! st.endy with e1ectrowcak precision obscrvobles for lightest 
1\1\ cxciLn tion's \Ilasses that a re of the order or rf'W 'rov, Lha!" can be 
fl.l'htevt'd by LlI C. Here two symmetry breaking Ink(' pln('(' , first one is 
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t. his Lhat Lhe gauge group given in Eq. (3.82) breaks to Std gauge group 
and enrorce some acceptable boundary condi Lion on the UV brane [16J 

S'U(2)" x U(1)x --> U( I)" 

The second one is t he sponLaneolls symmetry breaking that Lakes place 
by t.he Higgs on the III brane. 

SU(2)L X SU(2)R --> SU(2)L+ R 

This gives the custodia l symmet ry that secure the T parameter[171 18]. 
Here All the sr", fields are given the permission to move in the bulk 
excluding the Higgs field t.hat is rest.ri cted t.o lR brane at y = L. 
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Chapter 4 

Effective Field Theory (EFT) 

4.1 Introd uction 

In our living world there are ma ny amazing t.hings and one of t.hem 
is the existence of fascinating physics at every scale. When we medi­
late all that sca les of energy, t ime o r dis tance which nre no t. explored 
a lready, we discover new physical plienornclla. From t. ile lifetime of Z 
or I \I (10- 25sec) to lhe age of the universe that is nead y lOl8sec tbere 
exist different. physical phenomena. If we WBIIL to stuely a particular 
phenomenon then it is couvenieut to sepm'ale that from a ll ot hers. For 
this purpose Lhe possibility is to di vide the whole space into different 
orcas. So in ench area there is a different sllit,ablc explanation of illl­
portflllt, physics whidl is known as "effective theory". 
The word HimporLnntU is used as a key-word becD-llse the relevant phys­
ica.! processes d iner [rom each other plflce by place in space. The word 
"suitab le" is a lso used as a key-word because t here is 1101. allY single 
ex plnJl al.ion of physics which is applicable in wholo spAce. 
The Sim ple idea is l.his tha t if we have para meters which m'o extremely 
large 0 1' extreillely small t.o our interesting physical quantities then we 
call achieve l.he simple illustration of pllysics by seLti llg t ile parameters 
which are extrelllely large to infinity or extremely small to zero, Then 
the cfft.><.: ls of parameters whidl a re Uell.!' abuut to lhe point of our ill­
lercst are ta ken to be as a small pertUl'bation a bout that point. This 
trick is old , but. without this trick khe understandi ng of current physics 
would be very hard if not impossible. This trick is used without. t hink­
ing about it. For example, lhe Newtonian mechanics is s till tlHlght as 
scparale subject. without taki ng it as limit or the relativistic mecha nics 
for small velociLies. T he relativity can be ignored in Ll mt region of 
spnce where Lhe velocities a re very sllla li as compared to speed of light. 
T his does not mean that t reating the mechanics in loh e fu ll relativistic 
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fashion is wrong but. it. became easy if we clo not. include relat.ivit.y in 
t.he case where it. is of 110 ua->d. It is not. compulsory to usc crrective 
lheory if rull t.heory is known. Anylhing can be calculated in full t.heory 
by cleverness. However I t.he use or effect.ive theory is convenient.. The 
calculations become easy by using effective fi eld theory because we only 
concent.rat.e on the physics or interest. in EFT. When we use the EFT 
in particle physics then the parameter that is relevant. is a "distance 
sca.le". Tryi ng a procedure where the panuneters which are smalt as 
compared to "distance scale" are shrin ked down to zero. 8y this proce­
dure, we get the simple and llseful shape of important physics. Just to 
solve as an example, one such procedure has already been used while 
studying the multi-pole expansion in the electrodynamics. However, 
the construction of t.he EFT is interesting in the case of relat.ivistic 
quantum field theory where the creation and annihilation of part.icles 
occur. In general lhe EFT are used in t.wo distinct approaches. 

l )Top down 
2) Bottom lip 

4.1.1 Top-down 

The top down approach begins by a known t.heory (high energy the­
ory) and then by removing the degrees of freedom related to energies 
above some pa.rticular energy scale, say Eo. Our goal is to geL a low 
energy t.heory which a.uthorize one to calculate the required observa bles 
related to the energies below Eo more easily than the original high en­
ergy theory. There are a few parameters to cleal ill calculations of low 
energy effective theory than the high energy theory. Hence the calcu­
lations are more easy in low energy effective theory than the known 
high energy theory. However, the establishment of such a low energy 
effective theory which fulfils this is done simply by removing the high 
energy degrees of freedom but they can be entangled up in non trivial 
way with the corresponding low energy degrees of freedolll. One way 
to disentangle the low energy and high energy degree or rreedom was 
given by Wilson and some others in 1970. This method is known as the 
Wilsonian approach of effective field theory. It include two steps: (i) 
identiry the high energy degree of freedom and remove them [rom the 
action. The degrees of freedom of high energy refer to the heavy fields 
or high momenta. By integrating out high energy degree of freedom a.n 
effective action is obtained which describes the non local interactions 
between low energy degrees of freedom i.e., light fields or low momenta.. 
(ii ) The second step is to get a local effective action from the the effec­
tive action or first slep by expanding it ill local operators. These steps 
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are described below ill more detail [19]. 
(1): Suppose we have a theory tlmt has a pru-ticular ellergy scale Eo and 
is descri bed by an action (say S) and we want to know about physics 
at an energy scale E that is lower as compared to Eo i.e, E « Eo. 
First of all we select a cutoff /\ a t or just below Eo and split the field 
¢ w.r.t A into low and higb momenta components such as 

where the momenta of ¢H is k > A and <Pi. have momenta k < A. Now 
we integrate out (remove) t he fields of higher moment.a by using path 
in tegral formaHsm 

Here, the Wilsonian effective act.ion is stated by 

eiSi\(¢Ll = J V¢ueiS[¢u/!"J . 

Hence the Lagrangian density is stated as 

where D is representing the space time dimension. 

(2): Typically, integrating out the heavy fields give the non local effec­
tive act ion which we expand in terms of local operators as 

SA = So(A,g') + L J dDxg'O, , 
, 

where ai'S are the local operators and (/'s are coupling constants . For 
weak coupling, expansion point So can be considered as free action of 
initial theory, such that g' = O. 
Examples: 
i) One example is in the QCD. Jf we take the QCD just for any pro­
cess, some parts are perturbative and some are non perturbative. While 
working [or such kind of theories we can construct the low energy theory 
which only have non per turbative scale and remove all the perturbative 
scales. By this simple procedure one can figure out what is perturbar-
t ive and what is non perturbative physics. . " 
ii) In tegrating out heavy particles like W, Z and top quark to separate / .-. 
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the pCrLlIrbA1i\"C and nOI1 perlurbative physics is 1111 e.xamplc of Utop 
duwu"l'fft.'clivc lhl'Ory. lIeavy quark effective theory (fo r bot.tom uud 
chl1rm qllorks) is also all e.x.ample of :' lol>-down" EIT. 
iii) Non relativistic QED and non rclalivistic QeD a nd SCEFT (Soft. 
Coll incnl· Effl.'Clivc F'icld Theory) are also cxl1l11plcs of the top dowli 
opproncil. 

4.1.2 Bottom-Up 

In t his perspl"Ctivc, Lhe high energy theory is not. known but. sti ll we 
can ('onSI rucl an effective Uleory. For this purpose we call use t he idea 
that there exist important interactions at different energy scales, few 
of them nre vcry large so ilia\. Uley can not be :;cen till IIOW olld Ulay 
not \)C' S("('u in nC'M fu ture. HOWC'VC'f, nn rffN'tiv(' fiC'ld lltrory ('ou lrl hf' 
used to (I~fil)(> physics Ilt a particular Pilergy senle, sny I;; with 1\ gin'n 
nccurl.\CY l in Lrrms of QFT having finitr Sf't of pnramC'tC'n;. Without. 
knowing what. is goi ng on at. high energie; we cnn construcL nn EIT. 
Wc have li !Stcn nOOllt the finite SCi of parnlllt' lC'I'S ill n'lIormulizibiliLY 
but th new fI.:.lturc:; in effective field thcury Iikl' dependencc on en rgy 
scRle F: and n(,C' lI rncy ( appears because wt' do lIot know whal is goi ng 
0 11 al. high energiL>::., At high energy scale E, till" effect. of pitysiL'S enn be 
explained by the tower of interactions with integral mass di mensions 
frolll Lwo to infinit.y, starti ng from ordillnry inL('rnctions f.\lld goiug 011 

t.o incorporn,t(' Hon ronormalizablc interact. ion::; of hig h cli inci isions. 
Tile Lower of interact ions are governed by t he following principlcs. 
1) We have fi nit<.' set of parameters to descl'ibe the intcractions lawi ng 
dimension k - 4, 
2) T he interaction Lerllls with dimensions k - 4 have the cCH.'fficicnts 
t hat. are less or of the order of 

I 
AI/; , 

where B < M for mnss AI that is independent of k. The above t.wo 
states are the I>I·inciples of effective field theory. They Illake sure that 
the calculations of the physical observnblcs at. n pnrticular energy scale 
B with an accuracy (. re<luire a finite set of pnrameters because the 
cont.ribution of interactions witb dimension k is prOI)Ortiollalto 
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Hence, we require to cont ri bute terms only upto dimension k(. i.e., 

(E)' 
M "" 

In(l j,) 
=> k, '" In(iII j E) 

So as we lIIove up in energy the non re- normalizable interactions be­
come more important, as k£ increases. That is t,he signal for approachi ng 
t,o new phys ics. Before we reach t,he energies t,h a.t are of the order of 
ill , the nOll re-normal izable interactions van ish and are disclosed as re­
normalizable or less non re-normalizable interact,ions still hav ing higher 
scale say /LI ' . The examples of boLtom up approach are t,he low energy 
Fermi t,heory of weak interactions and according to some physicist, the 
Sr.. l a lso falls in "his category. Now we discuss it. in detail in t.he ne.xt 
section 

4.2 Standard Model (SM) as an EFT 

Let 's try to understand S1\'1 as an effecti ve theory. Followi ng the 
mct..hod of expansion 

" 
where 1)0) is t,he SI'vl Lagrangian and /) ! .... are t..hc corresponding 
cor rections. In SM, we have massive gauge bosons and fermions in 
add ilion the photon and gluons which are massless. 

4.2.1 Fe l'mio ns 

For "he fermions there is a broad mass spectru m. T he Illasses of quarks 
and leptons are given in tables 4. 1 and 4.2 respectively. 

Quarks l\'lasses 

UL,ll1l 1.5-3.3 MeV 

dt., cin 3.5-6.0 M eV 

SL,SR 100 ± 30 MeV 

Ct., CIl 1.37 ± 0.03 GeV 
bL , bR 4.20 ± 0.12 GoV 

tL! til 173.34 ± 0.76 GeV 

Table 4.1: f.,,(asses of qflurks of Lhe S!v( 
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The corresponding gauge couplings are different for left and right 
ha nded fermions, 

Lept.ons Masses 
eL,eR 0.511 tvleV 

J.LL,J-lll 105.6 tvleV 
TL,TR 171.7 MeV 

v, < 1 X 10- 11 GcV 

v'I.' < 0.0002 GeV 

v" < 0.02 GaV 

Table 4.2: Masses of leptons of the 8M 

So even ill the Stvl there arc largc number of di ffe rent. mass scait.'S 
and if we t.hink from the EFT point of view t hen the suitable choice 
is the top down a pproach. Firstly, we will integrate t.he top quark and 
then t.he \ JI a nd Z boson and we proceed down to t.he bot.tom quark etc. 
We can construct. t he EFT by integrat.ing out. one degree of freedom 
and we get new effective field theory by integrating out another degree 
of frredom every t.i me. 

Let's t hin k in a different context. We have all the stuff (masses of 
the St-. I particles) ancl we are interested in physics at. high energy scale 
beyond t.he scale of weak hosons auel top quarks. POl' this purpose we 
lise bot. t.om- up approach. Writing. 

(4.1) 

where LNII is t he Lagrangian for righ t handcd ncut rinos a nd L1fi99.f is 
for "I iggs particle. The different Us can be written as: 

L - -~BIIIIB - ~W" \IJlIIII - ~GI\ G'IIII 
C,, " ye - 4 I'" 4 I"''' 4 IlV ' l\ , 

LFwm = L:: 1PLhl
' DI,V;L + L:: if;Hi"/' D"l/Jn , 

~L ~R 

iDI-' = iBl-' + 9\BI,)'" + 92WI~~ + 9A:~ , 
where D

" 
is covariant. derivative for gauge fields and 9\ represents the 

gauge coupling for hypercharge and 92 fo r SU(2)IVCI,k a nd 9 ror SU(3)c' 
Power count.ing in t his down-up approach corresponds to what. we left 
out . 
Define 

M SM ,=-­
Anew 
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Ann: rel)rCbCuts Lim things we lefl over to describr. The C'-XI)t\lUiion 
is made' in this ( and the power collnting depends lipa n the powers of 
A""" . III the IlllUlcrulor lhere comes the things like- the lap <llIark l1Iass, 
IV boson mMS, Z boson mass and the lI iggs moss. In lh{' denomina­
tor we hove something like M PI",.d" Alwl l'. andAlslI.';\ which llrr scales 
corresponding to high energy. 50 from t he 8l;V-Y" point of view Ilnything 
that is left ouL of t he Sr.. I description (gcnemt.c nt high Clle rgy 8cale) 
gacs i tl the dCtlornina.tor of expa nsion. 

Tile terl n 1) 1) descri bes the correct ions thll t concsponds to t,he 
physics beyond the Std . Physics at high energy scale is described by 
the higher dimcmsional operator (op ralor hnving dimens ions greater 
than four) which are bui lt from the 5~ f fields. 

4.3 Margina l, R e levant, Irrelevant Operators: 

Consider 811 effective field theory for scalar in d-dimensions 

S{) J r' ' I . , I " M ' T",6 ) 
• <f> = ,,~ (-d,,<w ¢ - 0'" ¢ - -, - -6' + ...... . 2 _ 4. . 

(,1.2) 

wher~ 4ii,.9i}t·~ repre:.ems tile sLandard kincuc L('rlll 8ud 4m:!(>:! rcpro­
S(' lIls th!' ma.<t'I term 
We cau look at the mass dimensions of voriolls operato rs here. The 
8ctio ll mcthod is 

{ I 
d - 2 

r/r =-
2 

So the tII flS,"I rlim('tlsiolls of field in ti-di mensions is .';2 

(,I" X) = - d (.II = 4 - d (",') = 2 {TI =6-2<1. 

As a n example we want to study the correla tion function 

< ¢(X,j ....... ¢(X,,) > 

nt long c1blllltC'(' (Sillftli momentA). O('Iin(' 

¢'(X') = s I';') ¢(X) (4.3) 

~'(X') is the real field but rescaled by a s I>aramcter. The corr~I)Qllding 
nction in terms of (1' field becomes 

d~'., T 6-:W~'" )(44) ~ -Is ~ + ...... . 
6. 
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Let's look at the correlation funcLion in terms of ¢' 

< ¢(sX' ) .......... (sX;,) >= s .",-" < .. '(X;) ........ ¢'(X;,) > (4.5) 

We could study this in various d imensions. Por simplicity tfLke the 
most common CtlSe of our interest i.e., nil = 4" Itnd ask the q uest ion 
wlm!' il AppC'ncd when 8 gets Inrge. This is something we often do 
whOp Kt,lId'y ing GPT to figllr(, ont how wo ('ft l l sl,lIdy I,h(' l ~lI"g( ' rlil; lfU'l('(' 
behav ior. 
I II til(' limit, .~ -+ 00: 

• T he term 4m2S2tP2 becomes marc a nd morc important because 
\\'e hnve explicitly 8 2 in t.his term . So rjJ2 is ca lled relevant. . 

• 'T is less important. because the power of s is in negative and ,,\ 
term is equal iml>ortaJ1t as before. 

So we could say tha~ ¢2 is the relevaul operutor,,;,4 il:i marginal und tf>6 
is irrel "ant operator. 

</>'1. -+ is relevant dimensions< d 1m2] > 0 
¢4 -7 is lI uugi nal d imensions:;::::c/ I ,,\1 = 0 
¢o -+ IS Irrelevant dimensions> d I 1"1 < 0 

Fbr Pillitc s (bul large) t.he dimensious of perators (parnmet rs) tells 
liS About. t.he importance of different. terms. POI" powcr ("ollnting we see 
t. he dimclIsions of pnramet.ers 

(tn.2) '" (A ~""J , ,,\ '" (1\~"UI) I 1" .... (1\111:111)-'1. 
and we ca n do power counting in thi s A" f!w . Long dis t,ance s -) 00 
mORns sma ll mommll.a, Lherefore, in t.erms of momenL ulli . 

'fJ « A new· 
As t he power of 1\ lIew is negat.ive for 'T, hencc iL corresponds 1,0 irrelevant 
operator, 

4.4 R enormaJization 

Renormnli zation is 8 technique which is used to deal wit h infinities 
a ppcaring in tho crucuiated quantities. T here is a large number of 
infini t ies in relali\'is t ic field t.heory, so these infinil ies should be remo\'ed 
before compnring t he theoretical and experimental predictions. 

T he rCllol"lllnlizalion is a skill that systemat.ically isolates a nd then 
eliminates a ll such infinilies from the obscrwblcs which arc physically 
mensura ble. I(eep in mind that. renonnaliz[t Lion is not j ust. only for 
I'elnl ivist.ic fi eld theory but it a genernl theory. POI" c.xHmplc , suppose 
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an electron is moving in a solid and if the electron is weakly interacting 
with thc solid lat t ice then an cffl..'Ctivc lIIasS m* can be used to describe 
its reaction to an external force and m * (effective mass) is surely dif­
ferent from the mass m which is measured outside the solid . In such a 
straightforward case both mass m ' and m are measurable and so are 
fini te. The condition is same for the field theory but there are two ma­
jor differences. (i) Because of interactions there appeal' to be infinities 
relating to the divergent loop diagrams. Such infinities are appearing 
due to the contri bution of high momenta for weak interactions. (ii ) The 
interactions between the part icles and observables can not be swi tched 
off because it is impossible to measure bare quantities in the absence of 
these interactions. In renonnalization all divergences are shuffled into 
bare quantities. i.e. ,the non-measurable quanti t ies can be re-defined. 
In t his way we can absorb these di vergences to different parameters to 
makc thosc obscrvables fini tc which are physically mcasurable. So, the 
theories in which all divergences can be absorbed by redefining some 
physical parameters are known as re-normalizable theories. The theo­
ries which do not have this property are known as nOIl-re-nonnalizable 
I..heories. By this criteria we can select a right I..heory easily. 

4.4.1 Divergences: 

We start from Feynman diagrams that generally have di vergences. 
LeCs have two four point interaction which are labeled by A. 

K 

Figure 4.1: T wo-T wo parLicie scaLtering. 

The corresponding loop integral can be wri t ten as 

1->.' .. J d"k 

(k 2 - m 2 + io)(k2 - m 2 + 7.0) 
(4.6) 

This integral di verges as N I - 4 , where d - 4 is the degree of divergence. 
In d = 4 dimension \. 

J ddk J dk 1 1 - - - - -InA <-> - (4.7) 
k4 k f 
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in dimensiona l regula rizat ion d = II - 2f and if we think about wha t it 
does? The the answer is t.hat it. is some thing that rcnormalizes the 
~\ (f/' operator and we add the counter term 

FigUl'e 4.2 

Now, what happen if we keep the T term and a ,\ te rm simultane­
ously. 

Figure 4.3: Four-Two part,ides scaUering 

The loop in tegral in this case becomes 

j d";: 
I ~ ,IT 00' (<I.8) 

which renonna lizes nfl'. H gets the same divergence but now the re­
normali zing operator is an operator with the G-point in t he outside, 
Insert ing one ~\ and one T we get. back the renonnalization of 'T . 
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Figure 4.<1 

Now we can also include 1.wo TiS 

Figure 4.5: Four-Foul' particles scaU,ering 

This leads to 

(4 .9) 

which renorma lizes ¢18 . 
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Figure 4.6 

Since ¢8 is not in S[¢] (without +. .... ) so the theory can not be 
renormalized in t raditiona l sense that is classical way of thi nking. In 
t,hc effective t.heory way of t.h inking , ot.her operators we have in this 
diagram will become relevant. 
If 

the 1)2r is very small , so theory can be rcnol'ma \i zeci systematically in 
I\':'UI but it is necessary to acid c,bsoperator at order A;;;",. To contribute 
all corrections to ~\} or c~r we require to contribute a ll operators with 

I ,,~u, J 

dimensions [0] S; d + T. 

SO here we can place more powerful argument that power counti ng is 
always connected to dimensions. 

4.5 M atching Condition 

The connection between the coupling enforced by the demand that the 
two EFTs describe the same physics is known as matching condition. 
T hese conditions are assessed in both theories by the renonnalization 
scale l.t of the order of boundary mass to remove the la rge logarithms. 
Suppose we ha.ve two theories , one is high energy theory and other 
is tow energy theory and we are in terested to do matching at some 
scale /-I. = { till = M. The requiremen t for the matching at t his scale is 
that the parameters of both theori es should be related with each other 
in such a way that the description of physics above and below the 
boundary line (!vlatching line shown in diagram given below) remain 
the same i. e., physics remai ns same in both theories. 1n lowest order 
matching [or the QeD this condi t ion is elaborated as the coupli ng 
constants o[ the interactions having light fields should be continuous 
across the matching line (boundary) so t.hat the theory above and below 
the threshold (matching tinc) is same. 
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Figure 4.7: l\ latching condition at lowest o rder 

\<Vhcncvcr we reach the threshold we do malching, we switch the 
field contents and get a new effective field theory with new coupling 
constants as shown in above diagram. In the above figure the arrows 
arc rcprescll{'ing the running of coupling conStl.\ nLS while Lhe lines are 
rcpresenting the matching between thc two thcories. 
T he matching condition at b-quark scale is 

That is a leading order matching condition. Where lib'" Mb or rIb = 
M ~ 2M b, 2' b 

The above matching condition is not true at higher orders. 

( ) (0) O~5) - 1 liZ of')] ] 11 lib 1 l Ib 
,,' (It,) = ,, ' (JI,)[1 + -(-In-) + (-)'( - - - In- + - In'-) + .... ] . 

" " 1T 6 M~ 1T 72 24 Nh 36 Mb 

We ensure that the theory wi th five fl avor (with coupling constant o~5») 
has the samc description of physics as the theory with four flavors (with 
coupling constant O~4») , bu t the diagrams differ in both theori es. 
Now we discuss the general procedure of matching rela ted lo masses 
here. 

4.5.1 General Procedure 

Let suppose we have n particles having masses in t he fo llowing order 

Ml » 1142 » M;] » ................ » M" 
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and ".t' wanL to pnss througb L 1• L2 . /J3 , ........... Ln . This process in· 
dude Lhr following &leps. 
I) First of aU we match LI at scale I'I = AI. with ~. 
This matching cOllditions determines the corresponding P8rt'U1i ters. 
2) Then we 1'C<luire La determine the p. fullclion nlld irregular di men­
siolls ill 1"2 and cvolve the coupling's down . 
(3)Now we do muLching nt scale I' = Al2 between 1"'2 and I"'a.nnd so on. 
\".'0 s top nt. t ile o l'dcl' whero we are inl,cl'c5t('d in i. e. If'lL I', '" !If'I' 

Evel'ything up to t.hat s tage isjusl Lo d('l 'nn inc the t heory 1"' 11 a nd 
I h(> valuo of coupling constants by knowi ng the illfol'malion nL higher 
scalc. i. e, knowillg lhe information in high energy theory we propagote 
the knowledge down to the low energies consistently. Then we filld the 
paramcters in theory I",,,. 

4.5.2 Exa.mple 

For th explanation of the matching condition we rallsider tilt' example 
of b -+ cud in the Std. The Lagrangiau corre.ponciing to this transition 
is 

The tree dingl'RlIl of b -+ rii.d is 

.y 
A 

Figure 4.8: Tree diagram or b -. ciill 

and the tree level matching is 

i g I..~'k/l I _<; :) II -d I. 

A = (~)'H) V,,\~;.(!I" - M~ )("k''-'A'I,'', )[11 1,,1,11 Jlu 1,.1''1 11 I 
(4.10) 

where 4~ = Jib - pI~ = p'~ + ,I.: is t he momelitulll lrnn.sfer. 

The momcntUlll going through prol>agator is of the order of lIlass of 
bOLtom quark, 
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As the m OIUClltlllU is small as COIllI>Etrro to the mass of \V-boson, SO 

we can expand propagator and the leadi ng term of the propagator is 

(- ;9''') AI,~ 
- ( AI~, ) + O( AI~, ) 

M~ 
We drop t lte higher ol'del' terms like O( 77+-" ) 

'" The F CY IIII UIII ruiL'S for the cll'l.:cLivc thl,.'o ry uncI' ill tcgraLilig tltl,.' 
IV boson from lhe abo\'c high energy theory (Sl'I l) are, 

Figure ·1.9: Point. diagrAm or b ..... did 

(.UI ) 

It m CilllS tllflt by inl.eg;rnling outlhe heavy pnrt iclcs from the Stnntlard 
J\ lodel (high ellergy theory) we obtBill t.ho Fermi theory (low ollergy 
effective t,hcory). So by nHl tchi ng the Si\ 1 nnd Ihe low ell ergy 8FT 
(Frnni liteory), wC" rn ll find the W\ !tH' of ('oupling C'Onstflul. in Irl'nlS of 
the parameters of high energy theory (S~I ).i.('" 
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Chapter 5 

Analysis of Ab ----+ AZ+Z- in SNI 
and RSc Model 

Rare ck"Cuys occur through flavor changing neutral current (FeNC) 
b -40 '''. rI trans it ions. S~ I cau be tested at loop level by t.hese decays. 
Due to Lhis cn tlsc, the B-factories BeUe, 8 a8ar 120jand the LI1Cb have 
included these ck'Coys in their major research directions. We can get 
illlPOfltUlt info rmation concerning the earl ier studied featurcs of the 
Sr.. l, Iikt! C(ibiLI.rJ(uL~)d-')hi-t l ul)Iw.\H\ IIllI.ltix dt!IIIt-llb. 
After radiat ive' clrcay b -t S'Y 111085\1 1'(.>(1 by CLEO 12 1 L t he focal point. 
is lhe rarc decays Lhat. a rc induced by b --+ 5/+l - transitions. T hese 
trrulsitions luwe comparatively large branching nltio in the Std , Hare 
decays are much sensit ive t.o the new physics effects beyond the St\ 1 
and hence const.iLutes a reasonable mel,hod to look about, such en·ccts. 
As thc NP in sClll ilepLoll ic b-decays can can corne through two ways, 
(i) The operator ba.<:>is remains the sa llle M that of the Sr.. I and NP 
comes ollly through modification of Wilson coefficients of the S~ l e.g.} 
122 24 : 271. USc l1Iodel belong Lo this ClASS of models. (ii) The new 
operators along with the new Wilson coefficients also appear in addi­
tion to the modHic-nt ion of \rilson cocfficif'nls alrrady present, in t il t"' 
Sr.. I. SUSY is a commoll example of this class of models. Thr interest­
ing q ucslioll which follow ne.xt is what. happens in the case o f heavy 
baryon to light baryon transitions and which physical quant.ity is more 
sensitive to the efft.>ct.s of NP. 
In this clmpter we will s t.uell' the baryonic AI. -+ Al+l - decay where Lhe 
parLicular forms is t he study of physical o bscrvables such as , d ifferen­
tial decoy width ,dirrcrcllt ia1 branching ratio, lepton forward-backward 
asymmetry and A pola ri zalion in lhe Sf!. I and Ra ndall SUJldrum model 
with custodial protection. 
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5.1 E ffective Hamiltonian 

After integrating out the heavy particles like top quad.; , Z and W ± 
[or a scale above 11, = O(m'b) , we get t.he effective Hamiltonian for 
b --+ s/+/ - in the 8M [26] 

C' [ , 
H.,,(b --+ s/+/- ) = - 2~ \r,, \r,; ~C'i(I')Oi(l') + C'''(I,)O,, (j') 

+C,c(,,·)O,c{" ) + Cq{,,) O,{,,) + ClO{I')OlO{")] 

(5.1) 

where 0 1 (/-t) are the four-quark operators and C,(J.L) are the related Wil­
son coefficients. Here t.he terms proportional to \~,b \~"'$ are neglected 

I v 1"1 [or \;'bV'~' < 0.02. The operators t.hat me lIsed in the Ab -+ Al+l-
,~ , ~ 

I;ransitions are given below 

CU!TenL-current (tree) operators : 

o~ = (' oc. )V - A(cpbp) 

The QeD penguin operAtors: 

0, = {so bo)V- A I)qpqp)V-A 
q 

0., (Spbn)\f_ A L:Uinf!P)V - A 
q 

0, (5(\ U(\) I/_1I L (i'f,oC/.6)V+A 
q 

0, - (SfJUa) I/_ A L (ilafJp)v+A 
<, 

The nlagnetic penguin operators: 

e - ( " J'/ L)bP'''' - ') SlY, 'V 1I1.b . + rn" 
Srr-

S
Y'l mbsCT,w(mbli + msL)bC'W 
rr-
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T he Semi leplonic operato rs : 

Ow = (S{. bu )"_,,(il),,, 

lIere R = ( I + 1'6) 1 I ... = (J - 16) 1 C1,w = Hy,,, f.,l and, a nnd 
(J are representing the color indices. The eieciromagnetic inierac­
t.ions are represented by coupling COllstRn L e a nd sLrong interac t.ions 
by coupling cons llUl t. g , (/ represents the quark at. scale 1.1. = O(1Ht» 
and(Qo(Jtl )II_/1 = Qo l'lI ( l - /5) q/3 is the d efinition of left hand ed cur­
rent. while t. lll! ex pression (iio qph' +JI = 1]0"'("( I + "!fJ)fJp defiJ IC Lite right. 
ha nded cmrenl. 
The decay ampl it ude of free quarks by using the above definitions CHn 
be writ.ten as follow 

where we have lIsed PI. = k and PR = .f!. flnd t he c1ement.s \1,,,. \I,; 
belongs to Cabibbo-- I(obayashi-r ... laskawa (CJ(l'.I ) mixing matrix, q1. is 
the squared UlOIllellLlllll t.rausfer , Gp is Lhe fermi cons tant., while (I 

represents fine struct.ure constant and C;1f , ~II and C IO are Wilson's 
("oclHcicnl.s Lclullgillg to flifl"c rellr i IIL(·I'}H"t.ioIIS. TIle Wilson 's ('()dlk iCiII. 

C~J1 is given by [27, 281 

(5.7) 

(5 .6) 

YSIJ(Z , s') = h(z, s')(3C, (l') + C,(I') + 3C, (p) + C.(I') + 3C,(I') + C,(I')) 

-~h( l , s')(4C,(,,) + 4C. (,,) + 3C,(i') + C.(i')) 

- ~h(O, s')(C,(,,) + 3C.(il)) + ~(3C'(i') + C. (i') + 3C,(I') + C.(,,)) , 

(5.8) 

with 

h(z. ,,') 8 8 4 2 ) II' { --lnz + - + -:r - -(2 + , II - rl 9 27 9 9 . . 
In I ~'-'+ 'I - i~ 

1-%- 1 ~ 

2arct.an~ 

f()r x = 4z'l / s' < 1 

for x -= 4.2 2 /s' > I 

h(O, s') 
811lb 4 ,4 , 

- - - - In- - - In.s + -"I7r , 
27 9 I' 9 9 

(5.9) 

70 



In naiw dillll'Hhional regularization (NOR) sehc-me C'gVDR is written as 

.NUII 
o 

00 

Y·"'(.r,) - YoU) + LC"("" ,, ,, ), 
". 1 

00 

(5.10) 

ZSA'(.,,) ~ Zo(L) + L C"(.,,, x"). (5. 11 ) 
II- I 

Now the the paramelers of Eq. (5.11) and fire spccified below 

)/l,\/(.c,) _ x, [x, - 4 + 3x, 1 
8 It - 1 (x, - 1)' 

ZoS'" (.,.,) _ 18x: - 163r, + 259r, - IOBXt [32Xjl - 3ax: + 25x~ - l8x, - ~llnX 
I44(x, - 1)3 + 72(", 1)' 9' 

( . ( ) x, [ , (. ) . x, + x" 1 
'I .r"J'" = ( )2 xt -8x,+7+ 3+.3r,+7.1'n-:r,·rn 111 8)', 1 I +.l'n 

As P,:; is of very 8\1'1011 order so we neglect PEE!)M tenn. and we ha,Ve 
prOIl = 2.00 ± 0.25 , )ISM = 0.98 , ZSM = 0.070 fl nd Si ll 2 011' = 0.23 
[29 311. The expression ror q(8') is as fo llow 

. 0.(/',) . 
"(.") ~ 1 + w(s') 

n 
(5.13) 

whrre 

. 2," . 2 . . 5 + 4s' . 
w(s') ~ --r, - -Li,(s') - -1 .. s'I .. ( I - s') - • /1/(1 - s')-

93 3 3(1+20') 
~ •• ..2: 

2s'(1 + s')(1- 2s')1 ' 5 + 95' - 6s' 
. . ns' + . ~t. I4 ) 

3( 1 - 5')'(1 + 25') (1 - .')(1 + 2s 

n.(.r) -
o.(Z) (5. 15) 
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wi th C\'Amz) = 0. 118 and 130 = ~3. The Vlilsons's coeffi cients that have 
been appeared in Eq. (5.8) can be found by following expression: 

8 

Cj = L kjl '/]'" (j ~ 1, ... 6) , (5 .16) 
i= l 

kji are given as 

kl i (0 , 0 , 
1 
2 ' 

1 
2 ' 

0 , 0, 0 , ° 
k2i (0 , 0 , 

J 1 
0 , ° - 2 ' 2 ' 

0, 0 , 

k3' (0 , 0 , 
1 

14 ' 
1 
6 ' 

0.0510 , 0.1403 , 0.0113 , 0.0054 

k4i (0 , 
1 1 

- ° , 14 ' 6 ' 
0.0984 , 0. 1214 , 0.0156 , 0.0026 

kG ; (0 , 0 , 0 , ° ,-0.0397 , 0.0117 , 0.0025 , 0.0304 

k6 i - (0 , 0 , 0 , 0 , 0.0335 , 0.0239 , 0.0462 ,-0.D112 

), 

), 

), 

), 

), 
), 

(5 .17) 

The Wilson's coeffic ient CIO is speci fied as fo llow 

y SA! 
CSA! = _ (5.18) 10 . 20 sm ·w 

F'imdly the effective coe fficient C;ff is defined as 

where 

(5.20) 

and 

The wilson's coeffients that are in above equation are defined in leading 
logari thm approximation. The It II' corresponds to the scale of \ ;V-bOS011 
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mass. The parameters that are appeared in the expression of C:ff are 
given below 

hi (2 .2996 , 1.0880 , 
3 I 

- 0.0380, - 0.0186 , - 7 ' 14 ' 
- 0.6494, 

14 16 6 12 ", 23 ' 23 ' 13 ' ~ 13 ' 0.4086 , - 0.4230 , 

T he funcLions Do(xd andEQ(xt) that arc only defined for extra dimen­
sions scenario can be found in [32 34J and are written as 

(5.23) 

(5.24) 

Now we study the decay AIJ ~ Al+l- in RSc model. The efrect,ive 
Hamiltonian corresponding 1.0 RSc model can be expressed as 

-

""II = _ Cpa, ,,, \/, \/,' { C' ff ,RS, (S"' P ")([~"l) + C"ff, RS, (s~ P u)(h"l) 
/1.HS~ 0 I~ t~!l 1/1 I ,V I 9 I I' n I 

v"n 
+C' II,RS, (- f' ')(/- " I) + C"II,RS, (- f' ')( -1 " I) 10 S""(I' lY ,"{ ""(5 ' 10 S""(,, nu 'Y i5 

2' " 'C"II.RS, -. q (. P + I' )(-1 "I) - --;; 1 SUTI", - Ir"b R m~ L "'f 
q- S 

~ -!C~f!ff, nsc si(JI,"~(-m'bPI' + 1nsPn)(li l'l) ? " } 
'1- .5 

0.8994 , 

(5 .25) 

In thc case of Randall SUlldrulIl model the Wilson's cocfHcicnts arc 
modified, and the corresponding modification in the \Vilson's coeffi­
cients is given below 

Here 

D.C' 9 

73 

'i = 7,9,10, (5.26) 

(5.27) 

- 0.0057 

0.1456 

(5 .2 



and 

wiLh 

and 

6.)'" , 

fiZ. 

AC" U 10 - . '0 ' Sill 1~ 

t1Z' ~ +_1_ " t1~(X) t1"(X) 
, \" II \"~ ~ 8Mlg}A/ sin2 O(w ) R . 

(5.28) 

(5.29) 

(5.30) 

(5.31 ) 

Also X = 2 , ZI/ , Z' and "PI and ,q}A/ = ?i-2"' 1I 1~'O .. ' WiLli Ow is lhe 
Weinberg angle. The functions Lha.L are lIsed above ill the expre&;iolls 
of t::. V .. , 6. Y:, 6.Z, and t::.Z~ are given in references [35 431 . 

For t1C¥) , t1cl') (,',) ~ 0.429t1Cj'l (Jli'(ld + 0.128t1Cj')(Jli" /() is used 
which induclc the following three contr ibutions [37J 

(t1C,) , ~ iQ" r L [A+2m~(II'+B')J[Vt)'''()''')I)'dVn] 
F~u~1 ~ 

(t1C,), - -iQd ,.~(g:D)' L [/0 + II + B + 4m}(!, + II' + B')[ 
F=d,I,b 

[vtn"yd'R.nvu]23 

iQ" r~(g:D)' L 711,,[ /0 + II + BJ{ [vtn,)?,Y'V"] 
F=d,i!i ,b 

+ mil [VLydRR'R.RVn] } 
1n$ 23 
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(~C;), - iQ" T F~,,[A + 2m}(A' + 8')J [V~(Y")tl'''(I''')tV13 

(~C;h - -iQ" ,'~(g!D)' L [/0 + A + 8 + 4m;, (!~ + A' + 8')J 
F=d,s,b 

[V~nR(Y')tnLvL L (5,32) 

(~C;h - iQ, 'r~(g!/J)' L 711,.[ /0 + A + 8 J{ [V~nRnR(l''')tVt.] 
F=d,s,b 

+m, [vt (Y')tn n V] } R /,f,/, 
m·s 23 

(5.33) 

- i,' F~,,[A + 2m}(A' + 8')J [Vtl'"(Y")tl"VRl" 

- _iT~(9!D)'~ T, L [A + 8 + 2m}(A' + 8')] 
8 mbm • F=d,s,b 

[vt l"nR(Y') tn L I' dV R] " 

(~C8h - -i"~(9:D)'T, L IA + 8 + 2711;'(A' + 8')J 
F'=d,s,b 

[vi RL yd'RR'DR] 
23 

(5,34) 

9 4D 2 1/
2 

'"'" - - 2 -, -, - -i"-(9, ) --T, ~ [A + /3 + 2mF(A + /3)J 
8 mbms F=d,l,b 

[Vk(l") tnL(Y')nR(Y') tVL]" 

- -iT~(g!D)'T, ,L [A + 8 + 2m;,(A' + 8')J 
f = d, s,b 

[VknR(l'd)tnLvL ]" (5.35) 
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the parameters /' = 3 Ii. and 7.J = t foi. dy[g(y)F. Q .. cxpresses 
~ . V.6V •• m~ 

the charge of up quark while Qd represent..s the electric charge of down 
quark. T he funcLions IJfl ,A (I), B (I) can be wri tten as 

lo(t) - 'i J ( I In(t) ) 
(4,,)' Mh - t - 1 + (t - 1)' , 

lo (t)' - i 1 ( 1 + t In(t) ) 
(4,,), M~f( 21.(/. - 1)' - (i. - I )' 

A(t ) - i 1 (I -3 2In(t) ) 
B(t) ~ (4,,)' Mh (t - I)' + (t - 1)3 

/\(t)' -
, i 1 ( t' - 5t - 2 In (t) ) 

21J (/) ~ (4,,)' Mh - 6t(t - 1)' - (t _ I )' 

/\ (1) -
- i 1 ( 3t- l 21.' ln (t)) 
B(t) ~ (4,,)' !IIio( - (t _ I )' + (t - 1)3 ' 

/\ '(t ) ~ 
13'(t) ~ _i ___ l_( 5t + l _ 21(2+ 1) ln(t) ) 

(4,,)' Mh (I. - 1)3 (t - 1)' 
(5.36) 

m ). 
where, L = i7f-, . By fitting the pmameters for the 13 -+ J(-,t+/l'- ,The 

" K1\ 
modified Wilson's Coeffi cient arc given in the TaL Ie 5. 1. 

6G' 6G, ACt 
Values 0.04G 0.05 0.0023 0.038 0.030 0 .50 

Tablc 5. 1: The Values of mod ifications in Wilson's Coefil cicnLs ill RSc model 
used in "he analysis. 

5.2 Parailletrization of hadronic l11atrix elenlents 

If we know the decay amplitude for the free quark, thcn we can deter­
mine the decay amplitude for the decay 1\" -+ Al+l- at hadron level 
hy in::;crting thc ampli tudc of free quarks between Lh{' oMI and init,ial 
states of baryons.There are four hadronic matrix elemcnts correspond­
ing to our amplitude given below, i.e., 

(A(P)18'Y" bIAb(P + 'I)) 
(A(P)1 8CT,wbIAb(P + 'I )) 
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(A( P) I 8'1" 'Y,bIAb( P + 'I )), 
(A(P)18CT,,"1,blilb(P + 'I)), (5 .37) 



The nh()\'(' malrix £'iclllcnts are usunlly pnnulI('lrized ill terllls o( R series 
of form ffiNar'S I-II ,181, These can be wriu.clI as 

(II ( p)I:;~"bIA.(P + q)) 11(1')(911',. + !/2m, .. q" + !M,.)II.( I' + q), 
(5.38) 

(11(/,)I:;~,.1,&I II. {I> + q» 1I(J>)(G,1',. + G,Ul, .. q" + G,'1,.h,II.(P + q), 
(5.39) 

(lI (p )l,jIT,,,,q"bI A,{I' + q» - 11(1')(/, 1,. + J,iu,,,,q" + /''1,.)11,,(1' + 'I), 
(5 .40) 

(A(I')ls;u,,,,wl"bIA,{I' + q» - 11 (1')( 1",1,. + P, ;u,,,,q" + F,q,. h,II,(p + q), 
(5.4 1) 

The panuneters 9" G" Ii and F; are represenling the form (acLOr'S and 
are the fUllctions of q'l (momentum trans(er squnrc} .Beconse of conser­
vation of "Ct'tor current, as cfhl'i = 0, the (01'111 fnctors h nnd F3 do 
not take I)nrt in the decay amplitude of AI. -+ I\l+1 . 
The matrix elelllC'nts including the scalnr Sb nnd pseudo-scal(\!' 8-y6b 
currents are also 1)llramclrized ill uml'ls of forlll factors,which we can 
be geL by conlracting IJ" 10 lhe bOlh sides of &1. (5.38) and &1. (5.39). 

(1I (1')I·blll.(1' + q» - I II( I'Ji9, (m", - "'.d + 9,'1'111.( P + q), 
m"b+ 111 .. 

I 11(/')10,( .... , + m. ) - G,'I'h, II .(P + 'I). 
m b - rl1<8 

We can obo combine the above matrix element s wiLh e,\cl! oL llel' fl.C­
cordillg to QIII' reqll iremenL. 

(5.42) 

(1I{I')1'1,, (J -1,)blll,(I> + q» AW)11,, (!J' - Gn,) + ju,.,,(y, - Gn,)q" 
+(9' - G,~,)q"III,(1' + q), (5.43) 

(A(I')I;;1'"(1 + ~,) &IA.(P + q)) ~ II(P)I1',.(9, + G,1',) + ;U, .. (fh + G,..,.)q" 
+(93 + G,..,,)q"JII.(p + 'I ), (5 .44) 

(1I (1')1;;;u,."q"( 1 - 1',)bIA.(P + (J)) ~ 1I (I')b,.(f, - 1", ..,.) + ,O",,(/' - 1",1.) 
q" + (J, - P31.)q,.JII.(p + 'I ), (5 .45) 

(A(l'lIsio"",,"( 1 + 1,)&III.(P + q» - II(P)h,,(f< + 1"\1.) + io",,(h + 1",1.) 
,," + (f, + 1",1.)" ,.111.(1' + ,,) , (5.46) 

77 



5,3 Formula for Observables 

In this section we will present the formulas for different physical ob­
servable. In order to do that. Lhe decay amplitude corresponding to 
AI. --7 Al+l- in Lhe StvI can be expressed as 

" GFOi" \1' [0"("1 "I) "'2("1" I)l jV I Ab-Joi\l~' I - = ------r,;- Vtb t~ .10/, f + 1,. , (5 ' , 
2v21r 

(5 .48) 

where the functions r,: 1 r; can be wri t ten as 

T,~ - II (P) [ b" (9' - GI"I,) + io,,,,q" (9' - G,,',) + (93 - G3'Y,)q,, ) C~ff.SM 
+ b" (9, + G, ,),) + io,,"q" (92 + G27,) + (93 + G,'),)q,,) C;' ff,SM 

- 2~ {I I' [II (mil + m.~) + PI (mb - m.'lh5] + 'iO"/wq"[/z(m/t + m ... ) 
q-

0' 
+P2(mj, - m .. hs]}C:ff.SAI - -; hi' Ifl (1'n" + "-116 ) - PI (-mit - msh5J 

'1-

+hr/wfJ"IJz(n1b + m~) - F2('I'Il/, - m~h5]}c~eff'SAl] J\ " (P + q) ; 

(5.49) 

T,~ II(P) [ b" (9, - G],,{,) + io,,,,q" (92 - G",) + (93 - G3'),) q,,} eft' 

+ b" (9, + G ],,{,) + io,,,,q" (112 + G,,),) + (q3 + G3"1') 'I,,} C:~M lAd P + q) , 

(5,50) 

For Simplicity, the decay amplit.ude can also be written in the following 
form. 

M - GFo' \1 \1" [T'("I "I) ''''(1" '' I)l A~-+ i\I+l- - -------g- tb La I' I + J I' i /5 1 

2v2n 

Here 

T,~ - A(p)[,),,( A, + A",) + io,,",,,'(8, + 8,'Y,) + q,,(D, + D, ,),)[II ,(p + 'I), 
T,~ - A(p)['Y,,(A3 + A.n,) + io,,,,q"(83 + 8n,) + q,,(D3 + D,n,)[A.(P + 'I) , 

(5,51) 

The functions AI, B; and D; are given by 
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A, -

A, -

/3, -

B, = 

/), -

D, -
AJ -
A, -
B, -
B, -

91 (C~J1·SM + c~tlf.SM) _ 2(mb ~ m,,) 11 (C~I/·SM + c;el/.SM), 
q 

C (_c:.1f..'illl + C'~/ISM) _ 2(711" + m,)! (C.c/f,SAI _ Colel/,SM) 
, I 9!J '2 I 7 7 • 

'I 

(
,-01'/1,,"'11/ + ro','lf.SM) _ 2(mb + m .• )} (C .. /I, ... ·j\/ + C,nll.5'M) 

lJ'J.vU VI) 2 27 7 I q 

G ( ne/l,S(o.J + ctc//,SM) 2(111" + m,) p. (Cel/,SAI erlclf,5M) 
' 2 -L 0 !J - '2 7 - 1 , 

'i' 

. (C':,II,S'" + (",II,.,,) _ 2(m, + m.) f: «(:;11 .. ", + C:'"'.,,) 
r/J!.I 9 q2 :1 "7 7 ' 

G
J

( _c;J/,SM + C'ge/l.SM) _ 2(rnb ~ 01. ) F3(~If,SM _ C;c/J,S"') , 
q 

, (C'''' + C:SM) 91 10 10 , 

GI( - eftl + G~~M) . 
, (CS'" + C""') 92 10 10 , 

G ( _(,SAl + c ,'SAI) 
~2 10 ' 10 • 

(5,52) 

where C;1f,· .. ·,., =0, C~{'fJ,SM =0 and C;~M =0, 
Now t.1 11" Deray fl1l1 pliLude for 1\" -7 A(+l- in CO l1 l.CxL of RSc. is 

MA.~A/+' = GI'''"" V If' [M '(T "I ) + 11I '(T~"~ I )] 
USn 2 .J21r tb /s / , f / 1 ' I Iii • 

(5,53) 

where Lilo functions MI~' M/: are defined below. 

AI,: = A(P) [ 17" (y, - G" ,) + iU,Ie'/" (y, - G7'),) + (y, - GJ,,)'!,. ) C;",RS< 

+ {" (y, + G, ,,) + iu,,,q" (112 + G",) + (YJ + GJ,,),!,.) c;,,//,RS. 

- 2;{;"IJ,(mf, + 01,) + F1(mb - m"h&j + ;u"uq"[h(mb+ m.) 
q-

,.,./1 RS 2i I +F,(m, -m.h,)}" ' 0 - ,b, If,("" + m. ) - F,(m, -m.h, 
q 

+ia,,,,q"[f2(mb + TIl,,) - F2(m" - m .. h5]}C;t/J,RS~] AI. (P + q) I 

(5,54) 
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M,~ II (P) [ h,. (9, - G' 1,) + iu,,,,q" (9' - G27,) + (93 - G315) 'I,.} C~So 

+ b" (91 + CI1,) + iu,,,,q" (9, + C21,) + (93 + C,1,) 'I,,) C:~Sol 
IId P +q). 

(5.55) 

where 

Cell,RSc 
7 - eell,5M + 6.C 

7 7 • 

C;e.J1,RSc c,ef 105M + /:1 G' 
7 7 • 

Cel/,RSc , - ee//,SiIl + 6.0 
il 9 , 

C'el/,RS" , - e,'ell,SM + b..C' 
9 9 1 

eRSa 
' 10 

~ eft' + .6.CIO , 

GIRS
" 10 ~ C,SfII + 6.G' ]0 10 . 

For the ease, the decay ampli tude can also be wri t ten as follow. 

with 

M "b-+Al+ l - = - C;:: \~IJ \~: [M,~ (/')' 1' l) + M,;(l-y"')'sl)] 1 

2v 27r 

iI(Pli1,.(A , + An,) + iu,,,,q"(6 , + 6n,) + 'I,. (VI + V,1,)]lIb(P + 'I ). 
iI(P)b,.(A3 + A 41,) + iu,."q"(6 , + 6415) + q,,(V, + Vn5)]lIb(P + 'I). 

(5 .56) 

The functions A i! B, and 'OJ are given by 

A, -

A, -

6 , -

6, -

(11 (C~/ !,ns" + c~el f,RSc ) _ 2(mb ~ 11ts) II (C~ff.ILSc + C;e/I,nsc ), 

'I-

e I ( _C;1 I ,I?S" + C~eff,nsc ) _ 22 II (c;fl,RSc _ C~el f ,RS,, ) , 
'I 

(C
eff,RSc + G'ef f ,RS,, ) _ 2(n'l/> - '/l1s) f (c,e/ / ,/lSc + Co/cll,RS,") 

f129 0 2 27 7 , 
'I 

G'2( _ C;Jf,RS" + C:r"I,RS~ ) _ 2(mb ~ ms) P2(C;If,IlSc _ C;efl, RSc), 
'1-

V - 9 (Gell,RS" + C lef J,RS,, ) 
I - 3 9 9 1 
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A3 , (eRS, + e 'I/S, ) ,Jl 10 to , 

A. - CI(-Cl~.'j" + C;~Sc), 
83 - (eRS, + e '"S,) .en 10 ]0, 

8" = G2( _c~S~ + C';~s,, ), 

V 3 g' (e"S, + e ,nS, ) .1 10 10, 

V , = G (_e llS, + e '"S,) 
:$ 10 10 1 

(5 ,57) 

5 .3.1 T he diffe rential d ecay ra t es o f All -4 Al+l -

We can wri te t he different.ia! d ecay rate of All -7 1\ [+1 - in Lhe rest. frame 
of lib baryon [49J as 

Itr (lIb --> 111+1-) _ 1 I 1""'"' - , 
1 ' - (0 )3 3-2 3 I M'\~--+AI+I-I du, 

( q _ 11" m "\ b " "' ;" 

(5 ,58) 

where 

and 

wi t h PA representing the four momentum of A,while p /+ ani.PI- rep­
resent the four-momenta vectors of l+ and {- respectively. M" b-+ A/+/ ­

represents the decay ampli tude after performing the int,egrat ioll over 
the ang\1' hetween the 1\ btu'yon and 1-. T he lower a ud upper limits of 
'it a re written as 

(5,59) 

wi th E,\ representing the energies of A and Ei' denote the energ ies of 
1- in the rest fra me of l+l -, 

E'- R 
1- 2 . (5 ,60) 
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Usi ng everything, we can get. t he decay rate of I\b ~ I\l+l- as 

dr _ o2G}.I \~b \0.:12 1 _ 4mr "\(m~. ,m~,(p)x 
dq2 128mt n4 q2 

{ + mAbnlb(1 + 2m~ /(/)((m~" - m~ - t)Ui + rJ~q2) - 4hrJ2q2mAJ 

m' 2 
(C;e!! C;! 1 + C;e l ! C~!!) + q2 ? A~ (('II1'A + 3 2 rn~(l + 2m~ / (2)(>'(2Ji + gi(/) 

-mE q 

+3q2(m~b + 1n~ -l)(Ji + 9i(/) + 6h92(/m,,(mt - m~ + l) ) IC;ffI2 

+~(1 + 2mr /r/)(f\Ui + 2.r,il) + 3q2(mt + m.~ - (2)Ui + gi(2 ) 

2 , 2 2 2 I Offl' +6hg2Cj rn,\ (mA~ - 111.A + q )) C9 

+~((( 1 + 2mil ,,'),\ + 3(1 - 2m!lq')(m~. + m~ - q'))Ji - giq'(1 - 4m}/q') 

(,,\ - 3((mt - m~)2 + (rn~b + m~\)q2)) + 6/z92Q2·m,,(1 - 4mr/(/)(m~b - m;\ + ( 2)) 

lelO l' } . (5 .61 ) 

Here, 

I Some input parameters I Values 

rn/. 0. 10565 GeV 
111.T j .77682 GeV 
1nc 1.275±0.025 GeV 
m, 4.1 8 ± 0.03 GeV 
ntt 173.21 ± 0.51 ± 0.71 GoV 
tn it' 80.385 ± 0.015 GeV 

mAb 5.6195 ± 0.0004 GeV 
'InA 1.11568 GeV 

TI\" (1.451 ± 0.013) x 10 "s 
Ii. 6.85 x 1O -"GeV -' 

(tem ill 
Ivtb\'t;1 0.040 

Table 5.2: The values of input pfl rameters t hat are required in our ca!Cu I8~ 

Lions. 
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parameter COZ FZOZ QCDSR t.wis t.· 3 lip to t\Vist~6 
12(0) 0. 74 ~o:gg 0 ,8i~o:g~ 0.45 0. 14~o .g2 0.1 5~o:g~ 

", 2 01+&' 17 2,08~~ :~ 0.57 2.9I::16~ 2 . 94 ~~:~ . -0.10 
a, 1 .32+0:6~ 1.41 +o . ~ 1 -0.18 2.26+0:6~ 231+0.1,1 

g,(O)( lO 2GeV ') _ 2 4i'u·3 _ 28"?O '! - 047$0.". . 8" 
-1.4 1.3~ .~ . -0.2 . - 0.2 . - 0.06 

2 .9 1 +~: 12 ", 2 . 76~0::g 280+0.16 2.16 340+0.06 
-8.11 . -o.o~ -8.09 

(£2 2 05+8.23 ') 1 'J+ ,21 1.46 2 98+0.08 2.24+Q:H . 0 .. 13 w , w Q.13 . O·QS 

Table 5.3: Numerica l values of t he form fact.ors used in our calculations 

In order to calcula te the numeri cal va lues of the branching ratio , 
the numerical va lues of form factors are given in Table 5.3. and the 
values of the parameters are descri bed in Table 5.2. 
The branching ratio of t he decay Ab --7 Al+l- as a function of di.lepton 
momentum transfered square q2 in the SM and RSc model is given in 
t he followi ng figure. 

1.5 )( 10--8 

1. )( 10--8 

5. )( 10· ' 

Figure 5. 1: T he brallchillg rat. io uf Ab --t i\ ' ~+ ' I,- in Sr.-" and RS rHodel. The 
solid line corresponds to t.he SM rcsul t.s wi t.h cent.ral vfl lucs of for III fact.ors. 
The dashed line is for HSc' 
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From the above graphs we can say that the predictions of t he SJ.,rl 
and the Randall Suudrum model with custodial protection are almost 
same e..xcl ucl ing some values of q2 where the predictions of SM and RBI: 
ha.ve little difference in the case of branching rat.io, which is not. enough 
for the NP predictions. 

5.3.2 FBAs of A, --+ Al+I-

Now we can traverse the FBAs of Ab --+ Al+I- , which is an important 
hint. for t he possible NP. To determine the forward-backward asymme­
t ry, we take the double differential decay rate formula given below for 
the process Ab --+ Al+I-

Following references [50,51J, the normalized and differential 
the serni-leptonic deca.y Ab --+ Al+l- are defined as 

dAFB(q') = 11 I d' r (q', z) -10 
d d'r(q' , z) 

1 0 (Z 1'/ z 10l (.(r 0 cq-( Z _ \ ((r( z 
(5 .64) 

and 

(5.65) 

Using Lhe decay amplitude that is given in Eq. (5.6), the forward 
backward asymmetries for the Ab --+ A transition can be determined as 

where 

(5.66) 

2 [(111.$1/1.A + IHPT/,Ab)Ji ~ mAm~ ~ m~b + q2 )1292 

+(n"l.smA ~ "lHb171/\b)q2gi ] /?c(C;ff C;o) 

+ [U, -g,m, )' - glm~.l Re(C~ff C;o) (5 .67) 

By taking form factors a long their uncertainti es and plotting the for­
ward backward asymmetry of Ab --+ A/l+P - dependence on q2 for the 
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under consideration decay in SM and RSc modeL 

0.15 I 
I I 

0.10 I I - I ,- , 
> , , 
+ • 0.05 

, , > + , , < r , 
I • , 

< 
~ 0.00 • , 

" 
, , I I , 

'~',-_ 0.05 , , , , 
, , 

" " " 
9:(G~"l 

"". 
Figure 5.2: The forward backward aSYllHnct,ry of Ab ~ A/.t+ IL- in SM and 
RS model. The legends are same as in Fig. 5.1. 

The zero position of q2 is given as [53J 

that depends upon the mb, the ratio of effective Wilson's coefficien ts 
Cell (q2) -7"---"'-"-" and ra tio of form factors as shown in the above equation. 

The ratios of form factors present in the above equation are indepen~ 
dent of hadronic uncertainty. Hence, the accuracy of the zero position 
of forward~ backward asymmetry is calculated by the accuracy of ra­
t io of Wilson's effective coefficients and mb. The above graphs show 
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the dependence of forward-backward asymmetry (ArB) on the dilepton 
momentum transfer (/2. From these graphs we can see that the zero 
posit ion of AFo for A/, --f A/-I.+tC is sensit ive to the extra dimensions 
i.e. , the zero position of AF/3 is moved to t il e left as compared to the 
SI\II predictions. So AFI3 call be used as the probe ror NP. 

5.3.3 A p ola rizatio n in 1\" --f I\l+l -

If we want to know the spin polarization or A, then i~t is necessary to 
write the four spin vector A in terms of a unit vector ~ in the direction 
or the A spin in its rest frame, like [52]. 

(5.68) 

where the unit vectors are chosen in the direction of t ransverse, longi­
tudinal and t.he normal components of t.he polarization of the A , 

6.1, 
IJ,. 

- IP;, I' 

eN = 
7'" x (7L x JJA) 

IPA x (p- x PA}I' 

6.7' 
iL x fit.. 

- 17'- x 7),1' 

The pola riza t ion asymmetries of A baryoll in Ab -7 Al+l - are defined 
as 

dr - - <1[' - -
pl'l(s) = ",,(I; = e} - ",,(I; = -e} 

, ~({= e) + ~({= -e) 
(5 .69) 

where i = L, N, T and {are representing the direction of spin along 
the I\. The polarized differential decay rate of A" baryon in the decay 
Ab -7 Al+l- along any spin direction {is associated to the unpolari zed 
differential decay rate Eq. (5.58) by the relation given below 

(5.70) 
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The express ions of the longi tudinal and normal polarizations of i\ 
baryon are gi yen below : 

rtf' (12C} IVtb \~;f ).(1IIt , '/'J',~,rP) 4111 f { 
(1/-

1
,,) 6 3 '3 1--, x 

(q~ 4m,\mAb1T"q q 

+m"mAbm/(2m,; + S)(9~S - fih/S(C;c/J C~/f + C;/J C;cff) 

+ n~l [R((12m~((m~ - m;'b)J; + 9~q4)) - 3q2((/ - m~ + m~b)Ui - gi(2) 

+(1 - 4;;l )(q2 + m~ - mt)(Ji + 9~(/))J IC;/f1
2 

+ ~: [12mfntA H((ICI012 _I C~/J12)Ji + gi((m~b - mU ICIO j2 - (q2 - m~ + m~. 

+mA RUi + g~t)(3((/ - m~ + m~J - (1 - 4~;l )(m~ - mt + q2})(IC~/J12 + I( 

dr (1'2C} IVtb\lt~12 ).(/II~, 1I1~ , (P) 4n/2 
(1/-) " (1 - -' ) X 

dq'2 512m/,'lnt 1T4 R q2 

{ '(' , ')( f' (' 2 ')f 2 )(C C"'ff C' - mMI mAb - m ,\ + q rnA '2 - 92 rnA - mAb + q '2 + g2'1nAl 10 9 + I 

+4mbrnAb(/(-rn,Ji + 92 (1T'tI\fi - g2(m~ - m~b + (/)12 + gim"l}(CIOC;e./f + Cio 

+4mblnAI/p(-mAfi + g2(m,~ - mt + q2)h - g~mAt, )(CIOC;e./f + CjoC;fI) } , 

where the expression for the ).(1nt , m~, q2) is same as we defined before 
in 8q. (5.62) and for more compact expression the mass of strange 
quark is neglected. 
In present case PT(q2) = 0 because here the scalar currents a re not 
possible. Now we plot the dependence of longitudinal polarization of i\ 
baryon on dilepton momentum transfer q2 in the S M and RSc model 
scenario. 
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Figure 5.3: T he Longitudina l Polarization asym metry of A baryon in the 
8M and RSc model The legends are same as in Fig. 5 1. 
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Figure 5.'1: The Trunsverse Poiarizut.iOIl asyulluet.ry of A baryoH ill t he $J\1 
and R Sc model. The legends arc same as in Fig. 5.1. 
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TIl(' aoow diagrams show the longi tmlillnl and normal polariza­
tion US~'lIl11lctril'l:l or A baryon both in RSc model and Sl\1. From these 
graphs w{' can observe that there is no reASonable differcnce between 
lhe predicliolls or the S~ I and the RSc model. So, we can say that the 
polarizalion aSYlll llletries a re not. userul ror estnblishing NP. 

5.4 Concl usio n 

In t.his di sscrt ulioll , we examine t he rare Ab ~ A/"q- decoy dllUlllol in 
the SAl and the HSc lIlodel. We prerer to cxam ine t.he boLt.om decays 
because t ll(.-'50 decny.s a.re sensitive to the flavor structure which lends 
to very rich phenomenology. The hadronic matrix elements involved in 
the decay A" ~ M+I- are paIamelri1.c in terms or rorm ractors which 
are cnlculolN:1 by light cone sum rules (LCSH). It is round that ther£> is 
a reasonable cliffercnre between the zero position or AI-'B or the Sl\1 and 
/I Sr lIIodel ",hic'h is rlue to the ratiu ur I'frl'C'1 ivt' Wilsull's ('()t'fiic-iclils 
alld the nHlS.') or bottom quark mh. So, rorward-hackward asymmetry is 
sensitive to the extrn dimensions and it can be used (or the explora tion 
o( NP effect~ How('vcr, the 1>oIariz8tions o( A baryon are not sensitive 
to the exlrn di lll (>ll.!lions. So, polari1J1lion gi\'l'S no signal for t h · NP 
effects. [11 tht· rase of branching ratio the predict ions of tht' Sl\ l 8nd 
the I1.Sc lire also nl lllosL the same excepl 00111(> mines of q'l whrre 0 
v('ry slllall differl'llce has been observed, which is not enough for the 
NP predictions. 
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