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2 : chiral theory for zero-m
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U
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T
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M
odels w

ith Scherk-Schw
arz m

echanism
 on S

1/Z
2 (~

2000)

1.Bulk H
iggs &

 Brane M
atter

Pom
arol, Q

uiros [hep-ph/9806263]; A
ntoniadis, D

im
poulos, Pom

arol, Q
uiros [hep-ph/9810410]; 

D
elgado, Pom

arol, Q
uiros [hep-ph/9812489] B

arbieri, H
all, N

om
ura [hep-ph/0106190] 

→
EW

SB 2x10
3 TeV

<
R

-1<
 6x10

7 G
eV

B
arbieri, H

all, N
om

ura [hep-ph/0107004] 

→
1 or 2 H

iggs hyperm
ultiplet,  H

iggs m
ass calculated

2. Both H
iggs and M

atter in Bulk
B

arbieri, H
all, N

om
ura [hep-ph/0011311] 

→
1 H

iggs w
ith α

=
1/2, H

iggs soft m
ass and m

ass calculated 
B

arbieri, H
all, N

om
ura [hep-ph/0106190] 

→
EW

SB 700
 G

eV
<
R

-1<
2

 TeV, 10
7 G

eV
<
R

-1<
10

16 G
eV

3. Bulk M
atter &

 Brane H
iggs

A
rkani-ham

ed, H
all, N

om
ura, Sm

ith, W
einer [hep-ph/0102090] 

→
concentrate on α

=
1/2, calculability of H

iggs soft m
ass

4. SU
(2)L  Singlets in Bulk &

 D
oublets on Brane, and opposite one

D
elgado, Pom

arol, Q
uiros [hep-ph/9911252], D

elgado, Q
uiros [hep-ph/0103058]; D

elgado, 
G

ersdorff, John, Q
uiros[hep-ph/0104112] D

elgado, G
ersdorff, Q

uiros[hep-ph/0107233]

→
EW

 constraints (4
 TeV

<
R

-1), U
V

 finiteness (2-loop/ finite K
K

 tow
er)

5. O
thers  M

irabelli, Peskin [ph/971224], and m
any

M
ain focus w

as U
V-finiteness
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(c)

V
�

y

L
b
ra

n
e
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�(y) Z
d
2✓ �

y
ijU
5 H

u
Q

i U
j
+

y
ijD
5 H

d Q
i D

j
+

y
ijE
5 H

d L
i E

j
+

µ
H

u
H

d  

Bulk M
atters &

 Brane H
iggs

2.5.
M

odel
Setup

39

and
then,L

b
ra

n
e,so

ft
=

�
(y

) ⇢
�

1
(�

f
)�

S
1 �

S
2 �

1
+

�
22

(�
2f

)�
S
1 �

21
+

�
33

(�
3f

)�
31 �

.
(2.91)

W
ith

f
=

↵
/R

,these
softterm

sare
sam

e
asthose

derived
by

the
Scherk-Schw

arz
m

echanism
,

E
q.(2.65).

From
this

point,w
e

confirm
the

equivalence
betw

een
Scherk-Schw

arz
m

echanism
and

R
adion

m
ediation.

2.5
M

odel
Setup

H
ere

a
m

odelsetup
ofC

om
pact

Supersym
m

etry
is

described.

2.5.1
B

ulk
gauge

and
m

atter
fields

W
e

consider
a

supersym
m

etric
S

U
(
3
)

C
⇥

S
U

(
2
)

L ⇥
U

(
1
)

Y
gauge

theory
in

this
spacetim

e,
w

ith
the

gauge
and

three
generationsofm

attersuperm
ultipletspropagating

in
the

bulk
w

here
fields

m
ust

form
N

=
2,D

=
4

m
ultiplet.

T
hen,for

instance,
S

U
(
3
)

C
gauge

superm
ultiplet

is
com

posed
of

a
vector

superfield
V
C

(in
N

=
1)

and
a

chiralsuperfield
�
C ,

and
sim

ilarly
S

U
(
2
)

L
and

U
(
1
)

Y
gauge

superm
ultiplets

are
given

by
(V

L
,�

L
)

and
(V

Y
,�

Y
),respectively.

A
m

atter
field

form
a

hyperm
ultiplet

w
hich

requires
a

chiral
superfield

w
ith

the
SM

charge
and

another
one

w
ith

the
opposite

charge.
For

exam
ple

S
U

(
2
)

L
doublet

quark
is

a
hyperm

ultiplet
of

(Q
,Q

c
),w

hose
superscript

c
m

eans
the

opposite
charge.

T
he

other
fields

are
(U

,U
c
),

(D
,D

c
),

(L
,L

c
),

(E
,E

c
).

T
he

bulk
Lagrangian

ofm
atters

is
given

by
E

q.(2.19)
replacing,

(H
1 ,H

2
)!

(Q
,Q

c
),

(U
,U

c
),

(D
,D

c
),

(L
,L

c
),

(E
,E

c
)

.
(2.92)

U
nderP

:
y!

�
y,fields

w
ith

superscript
c

is
odd,and

thus
their

zero
m

odes
are

projected
out.

T
he

soft
m

asses
ofsquark,slepton,and

guagino
are

therefore

M
1
/
2

=

↵R
,

m
2Q̃
,Ũ

,D̃
,L̃

,Ẽ
= �

↵R �
2
.

(2.93)

in
the

language
ofM

SSM
.

2.5.2
H

iggs
fields

and
Y

ukaw
a

interactions

T
he

H
iggs

chiral
superfields

H
u

and
H

d
are

located
on

one
of

the
branes

at
y

=
0.

T
he

Yukaw
a

couplings,
µ

term
,and

kinetic
term

s
can

then
be

w
ritten

on
that

brane:

L
b
ra

n
e

=
�
(y

) Z
d

2✓ �
y
ijU

5 H
u Q

i U
j
+

y
ijD

5 H
d Q

i D
j
+

y
ijE

5 H
d L

i E
j
+

µ
H

u H
d  

+
�
(y

) Z
d

4✓{H
†u e �

2
g
V

H
u

+
H

†d e �
2
g
V

H
d },

(2.94)

w
here

Yukaw
a

couplings
are

proportionalto
those

ofthe
SM

,and
i

and
j

are
flavor

indices.
T

heP
odd

fields(Q
c,U

c,...)cannothave
these

Y
ukaw

a
interactionssince

theirw
ave

functions
are

zero
at

y
=

0.
(H

ere,w
e

have
sim

ply
assum

ed
the

existence
ofthe

µ
term

on
the

brane.

O
nly 3 param

eters 
μ

, α
, R

-1 

SS-m
echanism
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W
e

leave
discussions

ofits
origin

to
future

w
ork.)

In
the

R
adion

m
ediation,the

fields
living

in
the

bulk
have

field
redefinition

in
E

q.(2.80)
for

the
canonicalnorm

alization
such

that

{
Q

,U
,D

,L
,E}! ⇣

1�
↵R

✓
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Q
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,D
,L

,E}
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(2.95)

In
general,

(
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F
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n
becom

es
(
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2),and

thus,

L
b
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ijD
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T
here

are
no

softm
assesofH

iggsfields.
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