Hisaki Hatanaka

CYCU

September 5, 2009, QTQFT09(YITP)

«0» «4F» « =)

< > 12N 6




m circle with identification : y — —y (y € [0,27R))

m fundamental region : [0, 7R] (line element with boundary)

m fixed points : yg =0, y; =7R

m In this talk we consider

Minkowskis x S*/Zs (factorizable metric)
Randall-Sundrum spacetime (non-factorizable metric):

_ y 1 v
ds* e 2k|y|nw,dx”dx —dy? = W(nuydw“dx —d2?),

—mR<y<7R, 1<kz<e™®
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Introduction

Gauge Theory on S!/Z,

Example :SU(2)
m 75 boundary conditions:

All(xuv Yi — y) = +P’iAM(‘THa Yi + y)Piil7 (2)
Ay(a*y; —y) = —PA(a" y+y) P, (3)
Yia(z", v —y) = nyPivale,yi+y), n==£L (4)

We choose P; = diag(1, —1)

m zero modes :

Azeromede o diag(1, —1) = o3, (5)
and one can set
zeromode 0 —1
Azt o (0 = oo ©)
m Wilson line phase (W) = § gdy(A,) = exp[ifo2] may break the gauge

symmetry

(Hosotani mechanism)
0=0: W =19, U(1)s — U(1)3
0=m:W=-12,U(1)3 —» U(1)3
otherwise : U(1)3 — (broken)
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Introduction

Hierarchy Problem and GHU

m Quantum correction to m3 : quadratically diverges

e ~ A%, A cutoff

Mhy, = Mpare + O(g2A%),
O(100GeV),
Mpare, A = O(101°GeV) > my,

mp

— fine-tuning between mpa.. and A.

Gauge -Higgs unification
m Gauge-Higgs unification:
extra-dimensional component of the gauge field = the Higgs field

A]u = (AH’AZI = h)

m gauge symmetry is broken by Hosotani mechanism.
m Effective potential and the Higgs-mass is finite.
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Kubo-Lim-Yamashita (2001)
m SU(3) on S'/Z,

zero modes

— diag(+1,+1, —1)

(12)
A3 8 Al 2 A4 5 _
Al 2 Ag 8
A% ALS = H] AST =H]
2

v H,y
AyT=Hy|. (13)
_ gt
SU(2) x U(1) gauge theory with doublet Higgs
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modes:

m (warped and flat cases) Fermions in S'/Z5 extra space

m zero-mode wave-function : domain-wall profile due to bulk mass term
m Yukawa-coupling : overlap of wavefunctions of fermions and gauge zero

H(@)Pn(e)n () = / dyTr(z,y) Ay (@, v (. )

N

— lightest-mode mass depends exponentially on the bulk mass parameter!
m (warped case) Higgs effective potential (and Higgs mass) are enhanced.

mp, ~ O(100GeV)
"~ Hisaki Hatanaka (CYCU)
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Introduction

Finite-Temperature Effects on GHU

Feature(s):

m cause first-order phase transition (Ho-Hosotani(1995), Takenaga et.al, ...)
— may enable electroweak baryogenesis

Dynamics:

m Effective potential

e = [ s [(2”;{0’2}) P b

n=—oo /(

(16)

m When ExD=S" for fermion without bulk mass term,

m? = (“ff”) (7)

— one may use many tricks (Poisson sum formula, etc...)

m However, for Sl/Zz the summation in m, is rather complicated.
— Hereafter we follow the [Brevik-Odintsov-Nojiri et.al(2001)]
(Ve with respect to the radion VEV)
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m summation in m, by means of contour-integral

BXE — FIBp.o)),
d—1
i) = Vi [ it g
g(xn) = 0,

lfm—-n@mmn

My = KTy

C' : a set of circles surrounding & = x,, in counter-clockwise

it
-
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Hosotani hanism at Finite ure

KK conditions:
m warped (Hosotani-Noda etal, 2005)

4 50
0 = )\ileafl,afl()\n7Zl)Fa,a<)\nazl) - ﬁSln2§a
1
My = kA, a:(M/k)+§7
Fap(A2) = Ya(A)Ja(Az) — Jp(A)Ya(A2) (21)

m flat (HH, preliminary)

0 = (cosf—1)M?—m? [COS(??T\/ 1% — M?2) — cos 9}
M =MR, m;=mR. (22)

& Lowest mode has domain-wall like wave-function.
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We subtract zero-temperature (3 = co) contribution from Eg’f :
Fib, b,
Ey7(8) = Ey7(8) -
For d = 4 we have

By (8= o) (23)
_ Vo [nt 252
Bl = gt |5 - T A-0(0) + 0]
Vs [T 232
Bj = 7r23ﬂ4 [120 Ao(6) = =
where
A0) =

with F(t)

(24)

AL@+or), )
Zx_s == sm 28) /Ooo dtt=*"1In[F(t,0))
— F(it)
e R

A (t, (26)
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Hosotani hanism at Finite ure

Zero-temperature results

m warped (HH(2007), Yamashita-Haba-Okada-Matsumoto (2008))

a= e—kTrR

Eta*Vs [ . -

Eff(3=00) = W/o dtt? In[Fyarped] (27)
Fwarped<9, V) = 2L,(t)]l,,1(t)KV(at)Kuil(at) + e
2L, ()T, (@)K (DK (1) 5 (28)
m flat (HH, preliminary)
EfK(B =00) / dtt? ln[Fﬂat] (29)
0

Fhat = [(cos@ — 1)p? + t*{cosh(2m+/t2 + u2) — cos 9}](30)
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Preliminary...
warped

A_2(0)
flat

In[1 + cos 6]

= (f-independent)
m Ve has a singularity at 0 = 7!
still in progress...

- 17 (33)

A_5(0) = (f-independent)? (34)
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Backup

First 5 KK masses : m, (6, m),
n=1,2,3,4,5, red [m = 0.0] orange [m = 0.2] yellow [m = 0.4] green
[m = 0.6] blue [m = 0.8] indigo [m = 1.0] violet [m = 1.2] )
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Backup
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