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Massive Gauge Bosons
from Extra-D Theories

KK excitation

U0

Our Universe

Expand in eigenmodes, e.g. SI/ZZ°
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KK Masses: “Higgs
Mechanism”

» 4d Kinetic gauge term contains:
1 o0
S 3 [MAAE? = 2Mn A AL + (9,482
n=1
Geometric KK Mass Spectrum: My =n/R

» Geometric Higgs Mechanism: A" <= AZ" |

» Exact 5d YM Gauge Symm broken to
4d YM Gauge Symm by Compactification of z°

...and boundary conditions!




Mode Scattering
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+ Crossing Channels
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Moral:You can delay
unitarity, but can’t avoid it!

® Generalizes to a large class of 5-d manifolds
and boundary conditions - Higgsless Models
(Csaki, Grojean, Murayama, Pilo, Terning)

* 85U(2)” |; can potentially add several vector

mesons and delay unitarity.

® Vanishing gauge coupling - unitarized chiral
perturbation theory (Son and Stephanov)




Recipe for a Higgsless Model

Choose “bulk’” gauge group, position of
fermions, boundary conditions

Choose g(x;)
Choose metric/manifold: g, (Xc)

Calculate spectrum & eigenfunctions
Calculate fermion couplings

Compare to SM: S, T....

Can we do better!  Yes, using deconstruction!




Electroweak Parameters: |
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S, T: Peskin & Takeuchi




Electroweak
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Deconstruction

9% 9, 9 IN IN+1

® Discretize fifth dimension
® 4D gauge group at each site
® Nonlinear Sigma Model Link Fields

e Warping: vary fj

e Spatially dependent coupling: vary g

® Continuum Limit: N to infinity
Arkani-Hamed, Georgi, Cohen & Hill, Pokorski, Wang




A Deconstructed
nggsless Model

9 N+1

* su2)™ x u(n
® Fermions on “branes”, sites 0 and N+|
® N=0 equivalent to technicolor/one-Higgs

® Many 4-D/5-D theories at once!

Foadhi, et. al. & RSC et. al.




Generalizations

o SU(2) x SU(2) x U(I) in“bulk”
® modify fermion location, etc...

® |n this talk, will stick with simplest moose




Mass Matrix

9% 9, 9 In IN+1
f1 f2 f3 fN fN+1
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® Photon, Z, heavy Z’s

° MZW with gn 4 | =0:WV, heavy W’s
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Correlation Functions: |
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® Consider (O,N+1) co-factor




Correlation Functions: |
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S parameter

2

® Residue at Q2 = -M" gives |3 J\" Z-coupling

N 1 aS
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M2
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For entire class of models!




Connection to Unitarity

® Resonances must unitarize VWV scattering

myz, < \/gﬂ'?)

2 2 nr2
VG > 4s7,c, M7 _a

82 2

Too large by a factor of a few!

Independent of warping or gauge couplings chosen...




Generalizations

SReomeN = =
® Any model of this kind
® with localized fermions
® has only a light photon,W, and Z
® and is unitary

A -3
Have S>5x |10 7!

/S\ as defined by Barbieri, Pomarol, Rattazzi, and Strumia




A New Hope?

9% 94 9 IN IN+1

® Delocalized Fermions

® Mixing of “brane” and “bulk” modes

N
Ly= J_E . (Z J‘zu'—lil) + J{rl;—”lfﬂ
i=0

Can tune value of S...
...can this occur naturally?

Analogous to some ETC-induced effects




A Toy Model

g 0 g 1 g 2 g 3
Massless
Fermions!
Set 1 Set 2 Set 3
[nputs
f1 1000 GeV 2000 GeV 300 GeV
fa = f3 356.303 GeV | 345,922 GeV || 591.850 GeV
qo 0.664421 0.663478 0.657164
g1 = g2 4.0 4.0 4.0
g3 (.356505 (.356651 0. 357650
T 0.139231 (.480592 0.014771
Calculated Physical Masses
Mw 79.9456 GeV | 799080 GeV || 79.9509 GeV
mz 076.000 GeV | 983.725 GeV || 892.450 GeV
mw 075.013 GeV | 982.737 GeV || 888,827 GeV
mzs 2162.17 GeV | 4114.49 GeV || 1044.08 GeV

mwa

2162.17 GeV

4144.49 GeV

1943.39 GeV




Correlation Functions
at LEP-l and ||
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Conclusions

® Unitary Higgsless models with localized

A
fermions give rise to S > 5 x 1073 . like

QCD-like technicolor

® Fermion delocalization can be used to
cancel these effects -- can this happen
naturally?




