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the e�ective potential is essentially dominated through top
�uctuations

⇒ Higgs-Yukawa toy model with Z2 symmetry

S =

∫
ddx

[
1

2
(∂µφ)2 + U(φ2) + ψ̄i /∂ψ + ihφψ̄ψ

]

interaction part of the fermion determinant is strictly positive
⇒ cannot induce instability for any �nite Λ

UF (φ2) = − Λ2

8π2
h2tφ

2

+
1

16π2

[
h4tφ

4 ln

(
1 +

Λ2

h2tφ
2

)
+ h2tφ

2Λ2 − Λ4 ln

(
1 +

h2tφ
2

Λ2

)]
[Holger Gies, RS: arXiv:1407.8124]
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∂tΓk =
1

2
STr

[
∂tRk

Γ
(2)
k + Rk

]

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



Systematic
derivative
expansion:

Γk =
∫
ddx

(
Zφk
2 ∂µφ∂

µφ+ Uk(φ2) + Zψk ψ̄i /∂ψ + ihkφψ̄ψ
)

β functions: ∂tUk = βUk
ηφ := −∂t lnZφk = βηφ

∂th
2
k = βh2

k

ηψ := −∂t lnZψk = βηψ

Initial conditions
and �ne tuning:

UΛ = λ1Λ
2 φ

2 + λ2Λ
8 φ

4 or UΛ = λ2Λ
8 (φ2 − v2Λ)2

Φ

UL

Φ

UL

λ1Λ (or vΛ) → v0 = 246GeV
hΛ → mtop = 173GeV

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



Systematic
derivative
expansion:

Γk =
∫
ddx

(
Zφk
2 ∂µφ∂

µφ+ Uk(φ2) + Zψk ψ̄i /∂ψ + ihkφψ̄ψ
)

β functions: ∂tUk = βUk
ηφ := −∂t lnZφk = βηφ

∂th
2
k = βh2

k

ηψ := −∂t lnZψk = βηψ

Initial conditions
and �ne tuning:

UΛ = λ1Λ
2 φ

2 + λ2Λ
8 φ

4 or UΛ = λ2Λ
8 (φ2 − v2Λ)2

Φ

UL

Φ

UL

λ1Λ (or vΛ) → v0 = 246GeV
hΛ → mtop = 173GeV

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



Systematic
derivative
expansion:

Γk =
∫
ddx

(
Zφk
2 ∂µφ∂

µφ+ Uk(φ2) + Zψk ψ̄i /∂ψ + ihkφψ̄ψ
)

β functions: ∂tUk = βUk
ηφ := −∂t lnZφk = βηφ

∂th
2
k = βh2

k

ηψ := −∂t lnZψk = βηψ

Initial conditions
and �ne tuning:

UΛ = λ1Λ
2 φ

2 + λ2Λ
8 φ

4 or UΛ = λ2Λ
8 (φ2 − v2Λ)2

Φ

UL

Φ

UL

λ1Λ (or vΛ) → v0 = 246GeV
hΛ → mtop = 173GeV

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



Systematic
derivative
expansion:

Γk =
∫
ddx

(
Zφk
2 ∂µφ∂

µφ+ Uk(φ2) + Zψk ψ̄i /∂ψ + ihkφψ̄ψ
)

β functions: ∂tUk = βUk
ηφ := −∂t lnZφk = βηφ

∂th
2
k = βh2

k

ηψ := −∂t lnZψk = βηψ

Initial conditions
and �ne tuning:

UΛ = λ1Λ
2 φ

2 + λ2Λ
8 φ

4 or UΛ = λ2Λ
8 (φ2 − v2Λ)2

Φ

UL

Φ

UL

λ1Λ (or vΛ) → v0 = 246GeV
hΛ → mtop = 173GeV

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



æ
æ

æ
æ æ æ

1000 104 105 106 107 108
0

200

400

600

800

L@GeVD

m
H

@G
e
V

D λ2Λ = 0

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



æ
æ

æ
æ æ æ

æ æ æ æ æ æ

1000 104 105 106 107 108
0

200

400

600

800

L@GeVD

m
H

@G
e
V

D λ2Λ = 0
λ2Λ = 0.1

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



æ
æ

æ
æ æ æ

æ æ æ æ æ æ

æ æ æ æ æ æ

1000 104 105 106 107 108
0

200

400

600

800

L@GeVD

m
H

@G
e
V

D λ2Λ = 0
λ2Λ = 0.1
λ2Λ = 1

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



æ
æ

æ
æ æ æ

æ æ æ æ æ æ

æ æ æ æ æ æ

æ

æ

æ

æ
æ

æ

1000 104 105 106 107 108
0

200

400

600

800

L@GeVD

m
H

@G
e
V

D λ2Λ = 0
λ2Λ = 0.1
λ2Λ = 1
λ2Λ = 10

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



æ
æ

æ
æ æ æ

æ æ æ æ æ æ

æ æ æ æ æ æ

æ

æ

æ

æ
æ

æ

æ

æ

æ

æ
æ

1000 104 105 106 107 108
0

200

400

600

800

L@GeVD

m
H

@G
e
V

D

λ2Λ = 0
λ2Λ = 0.1
λ2Λ = 1
λ2Λ = 10
λ2Λ = 100

Higgs mass is a monotonically increasing function of λ2Λ!
⇒ natural lower bound for λ2Λ = 0 for a quartic UV potential
cf. lattice [Holland and Kuti '04], [Jansen et al. '12]

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



æ
æ

æ
æ æ æ

æ æ æ æ æ æ

æ æ æ æ æ æ

æ

æ

æ

æ
æ

æ

æ

æ

æ

æ
æ

1000 104 105 106 107 108
0

200

400

600

800

L@GeVD

m
H

@G
e
V

D

λ2Λ = 0
λ2Λ = 0.1
λ2Λ = 1
λ2Λ = 10
λ2Λ = 100

Higgs mass is a monotonically increasing function of λ2Λ!
⇒ natural lower bound for λ2Λ = 0 for a quartic UV potential
cf. lattice [Holland and Kuti '04], [Jansen et al. '12]

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



generalised bare potentials, e.g.:

UΛ = λ1Λ
2 φ

2 + λ2Λ
8 φ

4 + λ3Λ
48Λ2φ

6

for λ3Λ > 0 we can choose λ2Λ < 0
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Extension of the simple toy model to a chiral Higgs�top-bottom model:

S =

∫ [
∂µφ

†∂µφ+ U(φ†φ) + t̄ i /∂t + b̄i /∂b

+ ihb(ψ̄LφbR + b̄Rφ
†ψL) + iht(ψ̄LφCtR + t̄Rφ

†
CψL)

]

φ =

(
φ1 + iφ2
φ4 + iφ3

)
ψL =

(
tL

bL

)
φC = iσ2φ

∗ =

(
φ4 − iφ3
−φ1 + iφ2

)
φ4 type bare potentials
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simple Higgs-top Yukawa-model (red, dashed) vs chiral
Higgs-top-bottom model (black, solid)
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running of the Yukawa couplings mainly in�uenced by the gauge
sectors

∂th =
1

16π2

[
9

2
h3 − 8g2

s h −
9

4
g2h − 17

12
g ′2h

]

Higgs-top-QCD model

S =

∫
ddx

[
1

2
(∂µφ)2 + U(φ2) + ψ̄i /Dψ + ihφψ̄ψ +

1

4
G i
µνG

µν i

]
+ Sgf + Sgh

�ow equations

∂tUk = βnon-pert
Uk

, ∂th
2
k = βnon-pert

h2
k

, ∂tg
2
k = βpert

g2
k
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PRELEMINARY results @ next-to-leading order in the derivative
expansion

φ4 type bare potentials
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expansion

φ4 type bare potentials
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PRELEMINARY results @ next-to-leading order in the derivative
expansion for the class of generalized bare potentials
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PRELEMINARY results @ next-to-leading order in the derivative
expansion for the class of generalized bare potentials
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Conclusion and Outlook

We found natural bounds for the Higgs mass in the framework of
the functional RG for quartic UV potentials.

The form of the UV potential can exert a signi�cant in�uence on the
mass bounds.

Extension of the toy models to the standard model.
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