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Higgs-W Subsector

BUT!
• Elementary states are not gauge invariant

           Cannot be observable

• Gauge-invariant states are composite
       e.g., Higgs-Higgs, W-W, Higgs-W, ….

• Bound states are not asymptotic states in perturbation theory

• Why does perturbation theory works at all?

• Higgs condensate exist only in some gauges 

• “Local symmetry breaking” vs Elitzur’s theorem

�
�†

�†
�

W

4

Lee et al ’72, 
Osterwalder&Seiler’77

Elitzur ‘81
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L = Tr[@µX
†@µX]� U(TrX†X)

Fröhlich-Morchio-Strocchi mechanism

• W-Higgs sector of the standard model

• Local SU(2)L Symmetry

L = �1

4
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�1 � i

g
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• Additional global SU(2)cust. symmetry 

Wµ ! Wµ, � ! V �+W�⇤

• Convenient to rewrite Higgs-Lagrangian

where X =
�
�̃ �

�
=

✓
�⇤
2 �1

��⇤
1 �2

◆
=

✓
v 0
0 v

◆
+O(')



7

Fröhlich-Morchio-Strocchi mechanism



7

Fröhlich-Morchio-Strocchi mechanism

• Full symmetry acting on the Higgs field: SU(2)L x SU(2)cust.

X ! UL X Ucust X =

✓
�⇤
2 �1

��⇤
1 �2

◆



7

Fröhlich-Morchio-Strocchi mechanism

• Full symmetry acting on the Higgs field: SU(2)L x SU(2)cust.

X ! UL X Ucust

• W mass: bound state operator in 1- channel

Oĩ
µ = iTr (⌧ ĩX†DµX)
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µ(x)Oj̃
⌫(y)i = g2v4hW i

µ(x)W
j
⌫ (y)i�ĩi�jj̃ +O('2)

X =

✓
�⇤
2 �1

��⇤
1 �2

◆



7

Fröhlich-Morchio-Strocchi mechanism

• Full symmetry acting on the Higgs field: SU(2)L x SU(2)cust.

X ! UL X Ucust

• W mass: bound state operator in 1- channel

Oĩ
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Fröhlich-Morchio-Strocchi mechanism

• Full symmetry acting on the Higgs field: SU(2)L x SU(2)cust.

X ! UL X Ucust

• W mass: bound state operator in 1- channel

Oĩ
µ = iTr (⌧ ĩX†DµX)

• Expand Higgs field:
hOĩ

µ(x)Oj̃
⌫(y)i = g2v4hW i

µ(x)W
j
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• Pole of bound state the same as for the elementary fields

• Mapping of local to global multiplets
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• Some mesons are weak-gauge singlets, e.g., 

Oud = X†
✓
u
d

◆
=

✓
�2u� �1d
�⇤
1u+ �⇤

2d

◆
= v

✓
u
d

◆
+O(')

Egger,Maas,RS’17



9

Fermions - Quarks

• Quark sector different from lepton sector, bound in hadrons 

• Hadrons singlets of strong interaction, not necessarily of weak interaction

• Obvious for baryons (strong indices suppressed)
cijklqiqjqkX

†
ĩl
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¯dd)

Oud = X†
✓
u
d

◆
=

✓
�2u� �1d
�⇤
1u+ �⇤

2d

◆
= v

✓
u
d

◆
+O(')

Egger,Maas,RS’17



9

Fermions - Quarks

• Quark sector different from lepton sector, bound in hadrons 

• Hadrons singlets of strong interaction, not necessarily of weak interaction

• Obvious for baryons (strong indices suppressed)
cijklqiqjqkX

†
ĩl

or qiqjqkX
†
ĩi
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• Local and global symmetry group do not match for N > 2

• Nonperturbative check for N=3
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Summary

• Observable spectrum must be gauge invariant

• Non-Abelian gauge theory: composite operator

• FMS mechanism provides a mapping of the local to the 
global multiplets

• Gauge-invariant perturbation theory as a tool

• Same results in leading order for the standard model

• BSM model building may be affected

• Verification requieres non-perturbative methods
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• Ground state:

• higher excitations:

d = (�†QE)g

s = (�†QE)⇤, b = (�†QE)⇤⇤
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