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Introduction
D.B. Fairlie (1979)

Gauge-Higgs Unification N.S. Manton  (1979)
5D theory gauge field

@compactification
¢ B
4D theory .

with KK modes gauge field scalar field
—) Higgs

5D gauge invariance protects the Higgs mass!!
H.Hatanaka, T.Inami and C.S.Lim (1998)



Introduction

Orbifold

ex) St/z,
y="mR

1
/Q
8
U‘s:
|
=
I‘U) hU> "‘3>

Lzt 7R —y)=L(z", 7R+ y) :
P'=PT-!, T = PP
Fields may not be invariant !
ex) Az, —y) = PAM(ZEM’,y)PT
As(z#, —y) = —PAs(z*,y)P?
U (", —y) = ne Py ¥ (2", y)

P: Symm. transformation



Introduction

Orbifold breaking Y.Kawamura (2000)

ex) SU(3) = SU(2)xU(1)
T =1, P = diag.(+,—,—) = P’

=

(+,+) (a )] Doublet
=) | Higgs!

It Is Important to calculate

flat directions =) . . ootential.



Introduction

M.Kubo, C.S.Lim and

1-loop effective potential H. Yamashita (2002)
N.Haba and T.Y. (2004)

o
Vet (As) ~ Z 5 COs (wé’W)tr In [A;l(p; A;,)]
fintett f——
aw _

{ too sm%
When 6w ~ 1, we get 1/ (As) = 246GeV.

=) Weneed 6w <1 (3 tuning



Introduction

Higgs mass

VH—_M2H2‘|‘)\H2 |:> mH— H)<mz
The quartic coupling Is zero at the tree level.

=) The Higgs mass tends to be too small.

Top Yukawa is larger than the gauge coupling.

In the flat GHU scenario, typically
too small KK scale, Higgs mass & top mass.




Introduction

warped GHU

The problems are solved (almost) automatically.

=) Alot of studies have been made.

e R. Contino, Y. Nomura and A. Pomarol (2003)

e K. Oda and A. Weiler (2005)
e K. Agashe, R. Contino and A. Pomarol (2005)
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e Y. Hosotani, S. Noda, Y. Sakamura and S. Shimasaki (2006)
e Y. Sakamura and Y. Hosotani (2007)

The eff. potential is studied less exhaustively.
=) We investigate it.






Warped Gauge-Higgs Unification
Randall-Sundrum Randall & Sundrum (1999)
ds® = e~ 2°W) Nuwdxdx” + dy2 o(y) = kly

1 arn —mTR <y < 7R
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—) natural scale : TeV



Warped Gauge-Higgs Unification

Weak scale vs. KK & top mass
knR __ 10—15

A parameter a=e =
of fermions -
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In the warped GHU scenario,
the gauge coupling Is rather suppressed.
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0 1 2 3 N.Haba, S.Matsumoto,
ew N.Okada and T.Y.
In preparation



Warped Gauge-Higgs Unification

Effective Potential

) 1 (ka)?*
If::'ﬂ:(ﬂh.r; C, Q} — Z E E_LT-;E

+ : periodic
- . anti-periodic

Voff (Qﬂ.f y Cy QJ

T

Vg (B e, Q) = 2/ dz 2°In [1 + S—T{ Qﬂ?{ }]
0 — N.(z;¢)
| @=12
_ \ - mlax? o ,
Ne(r;c)=1— T L joie(@) ija-c(az) — I1josc(az)yjoo()]

2cos?(em)

e X | Ij2ie(ax) 1o o(x) — 1/, c(2)]_1/2_(az)]
o, T \

1 / ——c=02 Q
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""" N.Okada and T.Y.
In preparation



Warped Gauge-Higgs Unification

] _ N.Haba, S.Matsumoto,
Effective Potential N.Okada and T.Y.
N preparatlon
SU(3)—SU(2)xU(1) model

w/ 2 anti-periodic fundamental fermions w/ cy
1 periodic adjoint fermion w/ c,= 0.48
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Warped Gauge-Higgs Unification

N.Haba, S.Matsumoto,

Effective Potential m—gfgggrg?g -
SU(3)—SU(2) xU(1) model |

w/ 2 anti-periodic fundamental fermions w/ cy
1 periodic adjoint fermion w/ c,= 0.48

400 ¢
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. Gauge-Higgs Condition




Gauge-Higgs Condition

4D effective theory = SM + GH condition

Theory of zero-modes.
—) renormalization condition

Il
1 _ T .
A (525) ~ 0 : Gauge-Higgs condition
d*V.g S.Coleman and
dh4 — /\ (IJ’) E.Weinberg
h=p




Gauge-Higgs Condition

4D effective theory = SM + GH condition

Theory of zero-modes. little corrections by
™) renormalization condit| anti-periodic modes

s

A (525) ~ 0 : Gauge-Higgs condition

* 5D theory appears from Ayy.
In 5D theory, higgs is unified with gauge.
=) Vanishing potential.



Gauge-Higgs Condition

4D effective theory = SM + GH condition

Theory of zero-modes.
—) renormalization condition

s

A (525) ~ 0 : Gauge-Higgs condition

* We can calculate everything more easily.

« complicated models  warped GHU?
« RG improved analysis
e Higher loop corrections



Gauge-Higgs Condition

4D effective theory = SM + GH condition

Theory of zero-modes.
—) renormalization condition

Il
1 _ T .
A (525) ~ 0 : Gauge-Higgs condition
d*V.g S.Coleman and
dhA = A (w) E.Weinberg
h=p

b me
— ‘_y-i In ( . 91 )
I -0 2 "I‘LEV

w/ IR log. divergence.



Gauge-Higgs Condition

In warped GHU

0w
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Gauge-Higgs Condition

In warped GHU

0w
00 0.02 0.04 006 008 0.1
T | weaker
__.------—— | divergence
— ) L
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---¢c=02 ° Iarger Auv
e 0=04
. e threshold

sizable corrections by
anti-periodic modes

gc =0.5

at Auv ~ Mgy
not easy to evaluate...



Summary

warped Gauge-Higgs unification

e large KK scale, top & Higgs mass

N.Haba, S.Matsumoto,

Effective potential is calculated wv.okadaand v

In preparation

e Gauge-Higgs condition iIs studied.

—) not goes well.

 Non-orbifold like fermions
—) Vanishing contributions
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NPB 669 (2003)

YU 'r(a‘v“\ia COUp| | ng Scrucca, Serone,

and Silvestrini

bulk-brane mass

e chiral fermions on fixed points @ 4&
* bulk fermions as messengers ¥ = (¥, , ¥y )
o vector-like partners of the bulk fermions

v = (\IJQL, \I!q%)

(As)

QL i a5
W e
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Gauge- H |ggS COnd itiOﬂ N.Haba, S.Matsumoto,

N.Okada and T.Y.

Zero-modes contributions

U(3) = { E(é)) j: i;((?) L= ‘(]2—4\11L(2)IIIR(1)h

*1-loop correction

h\\ Up(2) /h

N /7
S 7

Ur(1) Tr(1)
// \ d4 ‘/eff
dh4

+ appropriate renormalization

S.Coleman and

= A () E.Weinberg
h=p




JHEP 0602(2006)

Gauge- H |ggS Cond itiOﬂ N.Haba, S.Matsumoto,

N.Okada and T.Y.

KK-modes v.s. Zero-modes
Z % cos(wlw ) ~ —%CR(B)Q%V %% (% _1In (332))9%‘/

ﬁ QW — 27TR94Qh — mo/AUV

d* Ve
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Interval v.s. orbifold



Interval v.s. orbifold

Orbifold L(zH,y) = L(z*,y + 27R)
ex) St/Z, =interval (?) = L(z*,—y)
y=1R Lzt 7R —y)=L(z", 7R+ y) :
P'=PT™1, T = PP
Fields may not be invariant !
ex) A,(z*,—y) = PA,(z",y)P?
As(z*, —y) = —PAs (2", y) P!
(2", —y) = nw Py ¥ (2", y)

P: Symm. transformation

I‘U) hU> ﬂ>




N.Haba, S.Matsumoto,

Interval v.s. orbifold N.Okada and TY.

In preparation

+ : Neumann

Orbifold
{- : Dirichlet

ex) St/Z, =interval (?)

| SU(2)—U(1) model |

[wider class of BCs ]

C. Csaki et al (2004) * In the orbifold picture
N. Sakai and N. Uekusa (2007) ,

e v )G ) G
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* In the interval picture
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