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Chiral asymmetry and Higgs Mechanism in the SM

Higgs mechanism:

Gsm = SU(3)c x SU(2), x U(1)y — SU3)c x U(1)em

U(1)em generatedby Qem=T3+Y

¥ ~ (R3,Ra)y

Unbroken gauge symmetry representations are vector-like
Spontaneously broken gauge symmetry representations are chiral
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Chiral asymmetry and Higgs Mechanism in the SM

Higgs mechanism:

Gsm = SU(3)c x SU(2), x U(1)y — SU3)c x U(1)em

U(1)em generatedby Qem=T3+Y

¥ ~ (R3,Ra)y

Unbroken gauge symmetry representations are vector-like
Spontaneously broken gauge symmetry representations are chiral

SM fermion quantum numbers

Q= ( ;t ) ~(3,2)16, ur~(3,1)2/3, dr~(3,1) 13,

L=( )~ 0D e~ @D,

V.
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Chirality and extra dimensions

Voo Yl @k i=1n, j=10

VL=, AUk = —vh

Before dimensional reduction n;, = ng
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Chirality and extra dimensions

Voo Yl @k i=1n, j=10

VL=, AUk = —vh

Before dimensional reduction n;, = ng

After dimensional reduction (D=4)
it can happen n; # ng for E < Mkg; e. g. in both

@ Old KK scenarios (with compact internal manifold)
N. S. Manton (1981)

@ Brane worlds (with infinite or compact internal manifold)
V. A. Rubakov and M. E. Shaposhnikov (1983)

=Dynamical origin of chiral asymmetry )
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Chirality and extra dimensions

Voo Yl @k i=1n, j=10

VL=, AUk = —vh

Before dimensional reduction n;, = ng

After dimensional reduction (D=4)
it can happen n; # ng for E < Mkg; e. g. in both

@ Old KK scenarios (with compact internal manifold)
N. S. Manton (1981)

@ Brane worlds (with infinite or compact internal manifold)
V. A. Rubakov and M. E. Shaposhnikov (1983)

Do the chiral asymmetry and the mass have a common origin?J
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Charged 5D fermion on domain walls

A very simple model:

@ a 5D spinor field V = ( :;“ ) =1 ng=1
R

@ a U(1) 5D gauge field Ay, M =0,1,2,3,y

@ a domain wall configuration ¢ = ©(y)

Fermion action

Sk = / d°X (VIMDyW + oWW) ,  where  DyV = (Jy + iefAu) W

The 4D fermion spectrum (masses and wave functions) depends on ¢
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S!—compactification: y ~ y +2d

Plot (a): 4D gauge field profile along y

@ Dashed line: v =0.
The profile is constant

(@) @ Continuous line: v #0
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S!—compactification: y ~ y +2d

Plot (a): 4D gauge field profile along y

@ Dashed line: v =0.
The profile is constant

(@) @ Continuous line: v #0

Plot (b): Two domain wall configuration

_ _ 1, fory >0
C e =nom-n. o= { 5T

(b)

Plot (c): Fermion 4D zero mode profiles
@ Dashed line: right-handed fermion

@ Continuous line: left-handed fermion

y D. B. Kaplan and M. Schmaltz (1996)
© C. D. Fosco and R. C. Trinchero (1999)
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Infinite fifth dimension

Again a two brane setup

o

The lightest fermion mode is massive,
but

@ left-handed chirality on y =0
@ right-handed chirality on y = d

d: distance between the “left and right handed branes”

d large may lead to g, > gr as well as with a compact fifth
dimension
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A simple bosonic completion

Some problems:

© How can we dynamically obtain such a 4D gauge field profile?
© Is there a chiral anomaly in D = 47

© In case, is it a gauge or a global anomaly?
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A simple bosonic completion

Some problems:

© How can we dynamically obtain such a 4D gauge field profile?
© Is there a chiral anomaly in D = 47

© In case, is it a gauge or a global anomaly?

We introduce a dynamical 5D gauge field Ay and a charged scalar ¢, and
A *
Sg = /dsX {—# FunFMY — As(y) [(Dme)” D¢ + V(‘M}

FMN = 6MAN - 6NAM
D/\/l¢ = (8/\// -+ ieAM) d)
V(¢) =\ (|¢)|2 — v2)2, Aand vreal, A >0
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Gauge fixing and perturbations

A1 v As 1> 4D spin-1 and spin-0
Lor = ) [ZO’V’ (AAM) + ﬁevfr)} sectors decouple

e.g.

1 52 1
A(y) = exp (—§M2y2) . As(y) = gyz exp (—§M2y2)

M turns out to be the KK mass scale

Spin-1 sector

n e = e®v25% /M
Auxy) = 5, ADGOA () /

fo(y) = No exp [*%/W (v1+62*1)y2} e M
Mg = im? (VIF e -1)
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Gauge fixing and perturbations

A1, v As 1> 4D spin-1 and spin-0
Lor = ) [ZO’V’ (AAY) + ﬁevfn} sectors decouple

e.g.

1 52 1
A(y) = exp (—§M2y2) . As(y) = gyz exp (—§M2y2)

M turns out to be the KK mass scale

Low-energy degrees of freedom

@ A vector field V = A©)
@ A physical Higgs field wq
@ A would-be Goldstone boson w»
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Small explicit breaking of gauge invariance

Two ways to measure the 4D gauge constant
(that should coincide in a gauge invariant theory)

€4 €4

In the tree-level approximation we have

S 1y O(e?) but remember ¢ ~ —Mg <1
e ' M?2
Consequences

@ No gauge symmetry in the 4D effective theory
@ This mechanism cannot be described by a purely 4D gauge invariant
language
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Summary

@ We related the chiral asymmetry to the Higgs mechanism in a higher
dimensional model

@ In our model we found an (explicit but very small) breaking of the
gauge invariance at low energies

Outlook

@ Is there a chiral anomaly in the 4D effective theory?
@ Extension to a realistic model

@ Inclusion of gravity and dynamical origin for ¢, A, Ag, ...
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