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S =
ζ

2

∫
d4x hαβ(φ)∂µφα∂µφβ

hαβ(φ) = hαβ(0) + ∂γhαβ(0)φγ +
1

2
∂γ∂σhαβ(0)φγφσ + · · ·

φα′ = φα′(φ)

h′αβ(φ′) =
∂φγ

∂φα′
∂φσ

∂φβ′ hγσ(φ)
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Symmetries:

δφα = Kα(φ)

∇αKβ +∇βKα = 0

—————————-

K I generates IsoM:

[
K I ,K J

]
= −fIJLK

L
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Chiral model:

M = SU(N)

IsoM = SU(N)L ⊗ SU(N)R

K I =
(
R i , Li

)
Right-invariant vector fields R i generate left-multiplication,

—————————-

O(N) model:

M = SN−1 = O(N)/O(N − 1)

IsoM = O(N)
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Background field expansion:

φα = φ̄α + πα

ξα ∈ TM s.t. Expφ̄(x)ξ
α(x) = φ̄α(x) + πα(x)

yields the functional

S [φ] = S [φ̄, ξ]
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Codello&Percacci [arXiv:0810.0715]
SU(N)-model:

Γk =
ζ

2

∫
d4x hαβ(φ)∂µφα∂µφβ

ζ = k2ζ̄

βζ̄ = −2ζ̄ +
N

32π2
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Percacci&Z.[arXiv:0910.0851]
Higher derivative in d = 4:

Γk =
1

2

∫
d4x

[
ζ∂µϕα∂µϕβhαβ(ϕ) + λ−1�ϕα�ϕβhαβ(ϕ)

+∂µϕα∂µϕβ∂νϕ
γ∂νϕδλ−1Tαβγδ(ϕ)

]
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M = SD ; at 1-loop ν = 1/2;
Tαβγδ = f1δα(γδβ)δ + f2δαβδγδ

For D > 2:
NFP1, NFP2 (1/ζ? 6= 0;λ = 0; fi 6= 0)
GFP1, GFP2 (1/ζ? = 0;λ = 0; fi 6= 0)
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M = SU(N); at 1-loop ν = 1/2;
Tαβγδ = f1δα(γδβ)δ + f2δαβδγδ + f3fα(γ

εfβ)δε + f4dα(γ
εdβ)δε

For N = 2, 3:
NFP1, NFP2, GFP1, GFP2

For N > 3:
No FPs!
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Gauging:

δφα = −εIKα
I (φ)

δAI
µ = ∂µεI + fJL

IAJ
µεL

Dµφα = ∂µφα + AI
µKα

I (φ)

F I
µν = ∂µAI

ν − ∂νA
I
µ + f I

JLA
J
µAL

ν
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Background field expansion:

AI
µ = ĀI

µ + aI
µ

Expφ̄(x)ξ
α(x) = φ̄α(x) + πα(x)

yields the functional

S [φ,A] = S [φ̄, ξ, Ā, a]

—————————-

Dµξα = ∂µξα + ∂µφβΓβ
α

δξ
δ + AI

µ∇βKα
I ξβ

DµaI
ν = ∂µaI

ν + f I
JLA

J
µaL

ν
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Fabbrichesi,Percacci,Tonero&Z.
SU(N)L-gauged model:

Γk =
ζ

2

∫
d4x hαβ(φ)DµφαDµφβ +

1

4g2

∫
d4x F I

µνF
Iµν

Dµφα = ∂µφα + Ai
µRα

i (φ)

Sg .f . =
1

2αg2

∫
d4x f i f i

fi = Dµai
µ + αg2ζR i

βξβ

Sghost =

∫
d4x c̄(−D2 + αg2ζ)c + . . .
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At 1-loop:

βζ̄ = −2ζ̄ +
N

16π2

[1

2

1

1 + αζ̄g2
+ ζg2

(3

4

1

(1 + ζ̄g2)(1 + αζ̄g2)2

+
3

4

1

(1 + ζ̄g2)2(1 + αζ̄g2)
+

α

2

1

(1 + αζ̄g2)3

)]
βg = − Ng3

32π2

[20

3

1

1 + ζ̄g2
+

1

3

(
2− 1

4

)
1

1 + αζ̄g2

]
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Work in progress
SU(2)L × U(1)R model (χEW model):

Dµφα = ∂µφα + Ai
µRα

i (φ)− BµLα
3 (φ)

Γk =
1

2
ζ

∫
d4x hαβDµφαDµφβ

+
1

4g2

∫
d4x F i

µνF
µν
i +

1

4g ′2

∫
d4x BµνB

µν

+
S

32π2

∫
d4x BµνW i

µνR
α
i L3α −

e2T

8π2

∫
d4x DµφαDµφβL3

αL3
β

S and T fixed points

T ? = − 3g ′2

16πe2
S? =

1

24π

are repulsive.
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Summary:

I one loop beta functions of NLSM in d=4 in two- and
four-derivative truncations

I nontrivial fixed points

I one loop beta functions of left gauged chiral model

I one loop beta functions of (bosonic sector of) χEWPT

Ongoing work

I inclusion of fermions

I unitarity bounds

I phenomenological applications
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