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Ordinary 5D UED, Review
@ A S‘D ﬁeld L inﬁni.l,e 4D KK rT]Odegp.pelquist, Cheng, Dobrescu, 01

(On SY/Z;)
% Dirichlet: ®|pg = O,
* For Ay,

* P(x,y) = Zna Dn(x) sin(ny/R),
x Mk = l/R, Z/R,

* Neumann: 9,®|pq = O,

* For (bulk) SM fields (containing Higgs)
X ®(x,y) = Zn0 Pn(x) cos(ny/R),

x Mk = O, l/R, Z/R,

® Dark matter candidate = Lightest KK particle
& A few new parameters
&€ Loose constraint on mkk




How EWSB Occurs in Ordinary UED

L
S — /d4a:/0 dy (— 9,®| — |9,®* — V((I)))

[Higgs potential]
V(®) = —m®|Q[" + A|®[*

Ordinary Higgs potential

What is the origin of EWSB?
(the source of negative mass squared?)



Bulk Higgs with Brane Potentials
on an interval

L
_ 4 _ 2 _
S = /d :13/0 dy[—|9p®|* — V(P)

[For Scalar] —8(y — L)V (®) — 8(y) Vo(®)]
L : Compactification length

quantum fluctuation around VEV

Classical part is determined firstly
by variational principle.



An Example
V_(®) = V4.(P)

Haba, Oda, Takahashi, 09, 10

n-th KK mode
function:

(Kn2=mkx(n)2-m?)

® EWSB without negative mass squared
® position dependent VEV
(—deviation at Yukawa couplings)



Very Simple Configuration




EWSB by Non-Zero Dirichlet B.C.

e Qur proposal:

% Put non-zero Dirichlet b.c. on Higgs!
* (with KK-parity being assumed) Haba, Oda, Takahashi, 09, 10

Classical(VEV) profile

e Merit:

* No need of negative mass-squared, nor quartic coupling.

* Fewer number of free parameters.

* Deviation in Higgs interaction (interesting phenomenologically).



But, there remain
two questions...

1.EWSB by b.c. ®¢|,4 = Const looks
explicit (well-defined as
quantum theory?).

2.Who unitarizes the W W|-
scattering?




10 answer

the ~ gquestion
' 1.EWSB by b.c. ¢4 = Const looks

explicit (well-defined as
quantum theory?).

i 2.Who unitarizes the W W_-
~ scattering?




Background Field Method
P = O° + O

quantum fluctuation around VEV

Two (gauge) fransForma’rions:lRedeﬁnifion of VEV]

Background gauge transformation
0 =ige , 0P = iged9 , (others)

True gauge transformation
0 =0, 0= ige( +P9) , (others)

The bulk action is invariant under\the transformations
without new surface term.

(By use of and ®9pq = 0.)




Our Proposal G, Saliaic
True gauge transformation — BRST

Gauge fixing term:

[ = 0uA™ + €054 + € (ig () T0° + hc.)

=0, ®9=igw( +99) , (others)
( :BRST operator, w:ghost)

We can proof that
(S + Ser + Sghost) = O.


http://jp.arxiv.org/abs/0910.3356
http://jp.arxiv.org/abs/0910.3356

BRST Transformation for scalar

In 5D (Bulk) picture (Abelian case)
dI = i( WD + PI) - jw( P9)
= —WHDC + PI) + WHD + P3) =0
Nilpotent!

Neu } nn ke



In 4D (KK) picture (Abelian case)

DYy, = Just numbers
N||Po'|'en'|'| (overlap integrals of

mode functions)
CSi(n=0), CSSimn=0)= 0 — No P9 fluctuation.
performs like Neumann.
— On an interval, mode functions act as

non-orthonormal. /OLdycos( %) #0 (n: odd)
(On S!'/z,, this term vanishes.)
(This fact is important for unitarization.)

Natural properties on an interval.



To answer
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' 1.EWSB by b.c. @lw4 = Const looks

~ explicit (well-defined as

~quanftum theory?).

| 2.Who unitarizes the W W~
scattering?




W W_-Scattering in SM

Unitarity violation occurs if M grows as: M o s.
(M: scattering amplitude, s: (total energy)?)

Gauge boson
contribution:

SM gauge only
WiWw, =W/ W,

Higgs
contribution:

In the SM, Unitarity Violation do not occur
because of Higgs.



WLWL—Scattering in Our Model

Gauge boson
contribution:

MSM gauge only
Wiw, -W;w;,

21 BW

There is no (Zero-mode) Higgs contribution...

KK number
violating

Higgs
contribution:

® Only n=1,3,5,... contributes. (--KK-parity)
m g((PnWW)/gsm = 242/n1 = 0.9/n



5D Nature Appears T
In High energy limif,

. {1+ cos >
MKK Higgs excha.nge_) _’5\ + COS ) - \/_3 (\/§+m) +O(SO)

Wiw, -wiw, 2U5n vaw TR

Cancels with SM-qgauge

conkribubtion
In our model, M X ,\/S.
B This is five-dimensional effect. [gs]=-1/2

(Naive Dimensional Analysis: M ~ gs° ./s)

B Unitarity limit is lower than that of the SM.
(Natural Result)


http://jp.arxiv.org/abs/0910.3356
http://jp.arxiv.org/abs/0910.3356

Partial Wave Unitarity

We consider J-th partial wave amplitfude.

2Im(T) = |TI? > |Te!|?

Re(N\e'J/ 16T|')

(Tree level)
partial wave
unitarity condition:

Haba, Oda, Takahashi, 09, 10

For mkk = 430-500GeV(S-T favored),
we get: A\ = 6.7-5.7TeV.

(Enough room for weekly-coupled 5D theory!)



About first KK Higgs
B 430~500 GeV (S-T favored)

B A candidate for “Higgs Impostor”
B Coupling to SM particle multiplied by ~0.9

B No self-interaction
m Visible at WW—-2H2>WW?

Preliminary & in arbitrary unit



Summary

e EWSB without Higgs potential
* Non-zero Dirichlet theory is consistent: BRST symmetry
* KK scale at 500GeV

e WW unitarized by infinite KK modes

* 5D gauge, perturbative up to 5~6TeV

e “Higgs” impostor and deviation in Higgs potential

* We can that see at the LHC or the ILC?
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