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The
aim

is
to

exam
ine

the
significance

of
the

off-
shellness

effects
w

ith
2

to
4

processes
involving

the
Vector

Like
Q

uarks
(V

LQ
’s).

The
m

odel
has

a
vector-

like
top

T’
as

singlet
decaying

into
SM

particles.
The

decays
allow

ed
are

T’
to

W
b,

Z
t

and
H

t,
w

ith
100%

branching
ratio’s

foreach
channel(notsim

ultaneously).
The

on-shelland
off-shellcross-sections

are
found

w
ith

M
adgraph5

w
ith

the
diagram

s
containg

V
LQ

’s
in

the
decay

chain.The
m

ass
dependence

is
then

analyzed
for

varying
values

ofthe
m

ass
ofthe

V
LQ

’s.

IN
T

R
O

D
U

C
T

IO
N

V
LQ

’s
are

of
interest

because
they

are
needed

for
in-

ducing
sym

m
etry

breaking
w

ith
the

H
iggs

as
a

pseudo-
G

oldstone
boson,a

possible
explanation

for
the

H
iggs

being
light.

They
are

used
in

m
any

theories,like
com

-
posite

H
iggs,extra

dim
ensions

and
little

H
iggs

m
odels,

am
ong

m
any

others.The
top

quark
has

a
large

Yukaw
a

coupling
enabling

a
significant

m
ixing

w
ith

the
third

fam
ily

ofquarks
in

the
Standard

M
odel(SM

),this
is

the
reason

for
studying

the
heavy

top.
Vector-like

quarks
transform

as
the

SM
quarks

do
but

w
ith

leftas
w

ellas
righthanded

charge
currents.
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Itis
usefulfor

seeing
the

dependence
on

the
V

LQ
top

m
ass

to
do

a
3D

ofcontour
plot,�

/M
T

0vs
M

T
0w

ith
�
P
�
�
X

�
X

as
the

contours.A
s

w
ellas

the
2D

plotof
�
P
�
�
X

�
X

vs
�
/M

T
0.

It
can

be
seen

here
that

the
W

b
and

Z
t

channels
are

stable
for

values
of

the
w

idth
�.

There
is

a
very

slight
m

ass
dependence

for
W

b,Z
thaving

a
m

ore
m

assive
finalstate.The

H
tchannelhow

ever
differs

greatly
from

the
previous

channels
as

itinvolves
a

coupling
w

hich
is

proportionalto
M

T
0.Further

research
is

being
done

in
these

channels
for

other
observables

w
ith

sim
ilar

plots
notm

entioned
here

as
w

ellas
the

off-diagonalterm
s,Z

tW
b,Z

tht,W
bH

t.
This

study
should

be
available

shortly.
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It
w

as
seen

that
the

W
b

and
Z

t
processes

had
the

sam
e

behaviour,
the

off-shell
effect

becom
ing

considerable
w

hen
the

w
idth

is
large.

The
differences

that
do

occur
are

due
to

the
factthatZ

thas
a

m
ore

m
assive

finalstate,

so
has

a
strongerm

ass
dependence.Forthe

H
tprocess

it
w

as
found

to
have

a
very

strong
m

ass
dependence,this

is
due

to
the

factthatthe
coupling

structure
has

a
m

ass,
w

hich
is

notthe
case

for
the

W
b

and
Z

tprocesses.

F
U

T
U

R
E

R
E

S
E

A
R

C
H

A
lm

ostcom
pleted

the
off-diagonalelem

ents
ofthe

m
a-

trix.
W

ith
varying

fractions
of

the
branching

ratio
to

each
channel.W

e
w

illthen
do

a
sim

ilarstudy
ofoff-shell

effects
w

ith
additionalheavy

vector-like
top

partners.
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The
follow

ing
types

ofdiagram
s

are
the

m
ain

contribu-
tion

in
the

2
to

4
processes

for
the

V
LQ

production,

Figure
7:2

to
4

O
ff-shellProduction

ofV
LQ

’s

The
partialw

idthsin
the

differentchannelsare
given

by:
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’sand

m
ixing

m
atricesbetw

een
V

LQ
’s

and
SM
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|V

4
i

L
/
R |w

ith
the

kinem
atic

rela-
tions
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by:
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e
define

the
tw

o
cross-sections

for
channels

•
The

off-shellprocess
�
P

:
p

p
>

W
+

b
W

-b
,Z

tZ
t,H

tH
t

/
Excluding

all
particles

propagation
exceptthe

T’and
gluon.

•
The

on-shell
�
X

:
p

p
>

T’T’
Q

ED
=0

The
cross-section

�
X

of
the

on-shell
production

of
the

V
LQ

allow
s

us
to

testthe
validity

ofthe
approxim

ation
m

ade
by

X
Q

C
A

T
for

high
values

of
�
/M

T
0.

O
nly

Q
C

D
couplings

are
involved.

This
m

eans
thatre-

sulting
2

to
2

cross-section
w

ill
be

proportional
to

the
m

ass
ofthe

V
LQ

.

Figure
8:O

n-shell2
to

2
Production

This
is

to
be

com
pared

w
ith

the
cross-section

�
P

off-
shellV

LQ
production

ofthe
2

to
4

process.The
observ-

able
exam

ined
isthen

defined
as

�
P
�
�
X

�
X

w
hich

isplotted
against

�
W

,Z
,H

M
T

0
.


