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Outline

1. Introduction: known peculiarities of the theories resulting from the
spontaneous breakdown of spacetime symmetries

2. New results:

I New massive Nambu-Goldstone bosons

I Understanding the inverse Higgs phenomenon

I Goldstone’s theorem

3. Conclusion
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Known peculiarities
Redundant Nambu-Goldstone fields (picture from hep-th/0110285)

1. Introduce coset G/H : gH = e iPµx
µ

e iPzξe iMzµω
µ

2. Calculate Maurer-Cartan forms:

g−1
H dgH = iPµΩµ

P + iPzΩz
P + iMzµΩµ

M + iMµνΩµν
M

3. Impose inverse Higgs constraints:

Ωz
P(∂µξ, ωµ) = 0 ⇒ ωµ = ωµ(∂µξ)
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Open questions

→ When one should impose inverse Higgs constraints?

→ Does it cover all possible effective Lagrangians?

→ Inverse Higgs effect - a trick, an effect, a gauge choice, ... ?
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New massive Nambu-Goldstone bosons
SSB pattern: ISO(d)ST × ISO(d)int → ISO(d)V

The Lagrangian of the theory:

L = − 1
2 (∂iϕ

a)2 + 1
4

(
∂[iV

a
j]

)2
+ κV i

a∂iϕ
a + λ

4d

(
V i
aV

a
i − dM2

V

)2

Vacuum solution:

ϕa = µ2xa , V i
a = Mδia , M =

√
M2

V −
κ2

λ , µ2 = κM

Parametrizing Nambu-Goldstone modes:

ϕa(x) = µ2xa +ψa(x) , V i
a(x) = Ωi

a(ω)M , Ωi
a = δia +ωi

a− 1
2ω

i
bω

b
a + ...

Effective Lagrangian(s):

Lψ,A = − 1
2 (∂iψ

a)2 + 1
4 (∂[iA

a
j])

2 − 1
2κ

2Ai
jA

j
i + κAi

a∂iψ
a

Ai
j integrated out: Lψ = − 1

4

(
(∂iψ

a)2 + (∂aψ
a)2
)
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Applying the coset space construction

The corresponding coset space: gH = e i P̃µx
µ

e i P̄aψ
a

e
i
2 M̄abω

ab

Covariant derivatives: Dµψ
a = ∂µψ

a − µ2ωa
µ , Dµω

λσ ' ∂µωλσ

The effective Lagrangian:

− 1
2 (Diψ

a)2 = − 1
2 (∂iψ

a)2 − 1
2κ

2Ai
aA

i
a + κAi

a∂iψ
a , Ai

a = Mωi
a

Imposing inverse Higgs constraints:

Lψ = − 1
8 (D{iψa})

2 = − 1
4

(
(∂iψ

a)2 + (∂aψ
a)2
)
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Understanding the inverse Higgs phenomenon

What is the physical meaning of the inverse Higgs phenomenon?

The same SSB pattern, but with redundant fields:

ISO(d)ST × ISO(d)int → ISO(d)V

The Lagrangian of the theory:

L = − 1
2 (�ϕa)2 − 1

2 (∂iθ)2 + 1
4

(
∂[iV

a
j]

)2
+ λθV i

a∂iϕ
a

Vacuum solution: ϕa = µ2xa , θ = 0 , V i
a = 0.

The effective Lagrangian:

Lψ = − 1
2 (�ψa)2 − 1

2 (∂iθ)2 + 1
4

(
∂[iV

a
j]

)2
+ λθV i

a(µ2δai + ∂iψ
a)

How to obtain a theory including fields charged only under SOV ?
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Understanding the inverse Higgs phenomenon

Which coset should be used within the coset space technique?

Polar decomposition: χ(x) = γ(x)χ̃(x) , χ̃T (x)(Ẑaχvac(x)) = 0

Introduce χ(x), χ̃(x) as:

χ(x) = (φ1, ..., φd ,V 1
1 , ...,V

d
d , θ), χ̃(x) = (φ̃1, ..., φ̃d , Ṽ 1

1 , ..., Ṽ
d
d , θ̃)

I Za → P̄a ⇒ φ̃a = 0

I Za → M̄ab ⇒ φ̃a = 0

I Hence, χ̃(x) = (0, ..., 0,V 1
1 , ...,V

d
d , θ), γ(x) = e i P̄aξ

a

Since homogeneously transforming quantities are obtained from γ−1dγ,

one should not introduce ωab at all!
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d
d , θ̃)

I Za → P̄a ⇒ φ̃a = 0

I Za → M̄ab ⇒ φ̃a = 0

I Hence, χ̃(x) = (0, ..., 0,V 1
1 , ...,V

d
d , θ), γ(x) = e i P̄aξ

a

Since homogeneously transforming quantities are obtained from γ−1dγ,

one should not introduce ωab at all!



8/11

Understanding the inverse Higgs phenomenon

Which coset should be used within the coset space technique?

Polar decomposition: χ(x) = γ(x)χ̃(x) , χ̃T (x)(Ẑaχvac(x)) = 0
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Understanding the inverse Higgs phenomenon

How to obtain a theory including fields charged only under SOV ?

Redefine degrees of freedom: V i
a → Ωb

a(ψ)Ṽ i
b

Does suitable Ωa
b(ψ) exist?

Yes, if one can find any suitable coset:

consider gH = e i P̃µx
µ

e i P̄aψ
a

e iM̄abω
ab

and find the searched for expression.

Via polar decomposition:

γ(x) = e i P̄aψ
a

e
i
2 M̄abω

ab

, ωab = ωab(ψa)
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Goldstone’s theorem

Let one be given an SSB pattern:
G → H,

and let Za be broken generators and
Bn ∈ Za : B̂nΦ|0 6= 0, then:

I nNG = nuber of Bn

I Nambu-Goldstone fields corresponding to Bα
such that [Pµ,Bα] ∼ Bn are massive

�

�

Λ���

ξ

ξ�ω

μ

If some of the generators always act trivially at the origin, they never give
rise to Nambu-Goldstone fields.

The conformal group: ∀Φ K̂nΦ = 0
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Conclusion

I The action of the generators on the vacuum at the origin uniquely
fixes the number of Nambu-Goldstone fields

I Some of the Nambu-Goldstone fields are necessarily gapped

I Inverse Higgs constraints is a trick used to uncharge fields under the
action of broken but acting trivially at the origin generators


