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o first Higgs mass bounds
were derived and discussed
in perturbation theory [e.g.:
Sher ‘89, Ford et al. '93, Casas
et al. "96, Isidori et al. '01, ..]
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@ vacuum stability?
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@ vacuum stability?

e Second minimum occurs at a
trans-Planckian scale?

o Convexity properties?
246 GeV \/

U(¢)

e discrepancy to lattice
simulations
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o the effective potential is essentially dominated through top
fluctuations
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o the effective potential is essentially dominated through top
fluctuations
= Higgs-Yukawa toy model with Z, symmetry

S= / d9x { 2 1 U(¢?) + didh + ihm/?w]
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o the effective potential is essentially dominated through top
fluctuations

= Higgs-Yukawa toy model with Z, symmetry
5= [ dx [50,07 + U + Tid -+ o]

@ interaction part of the fermion determinant is strictly positive
= cannot induce instability for any finite A

Ur(6?) = - 255 122

87r2

hio*In [ 1+ N + h2¢2N%2 — A*In 1+h§ ’
16772 t h2¢? t A2

[Holger Gies, RS: arXiv:1407.8124]
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Systematic 5 _ _
derivative T = [ d¥x (%-0,00%6 + Up(6?) + Zun i + ihu )

expansion:
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Systematic 5 B B
derivative M= [dix (%kaﬂqbaﬂ(b + Un(6?) + Zpbidp + ihkqﬁqu)
expansion:

S functions: 0: Uk = By, Ny = —0¢ In Zgy = B3,

Oehiy = Bre Ny = —0¢ In Zyk = By,
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Systematic

derivative M= [dix (%aﬂqbaw + Un(6?) + Zpbidp + ihkqﬁqMJ)
expansion:
S functions: 0: Uk = By, Ny = —0¢ In Zgy = B3,

Oehi = Bz Ny = =0 InZyk = By,
Initial conditions Up = 22892 + 2224 or Up = 222 (g% — v3)?

and fine tuning:
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Systematic

derivative M= [dix (%aﬂqbauqs + Un(6?) + Zpbidp + ihkqfnzzp)
expansion:
S functions: 0: Uk = By, Ny = —0¢ In Zgy = B3,

Oehiy = Bre Ny = =0 In Zyk = By,
Initial conditions Up = 22892 + 2224 or Up = 222 (g% — v3)?

and fine tuning:

A1n (or vp) — vo = 246 GeV
ha — Myop = 173 GeV
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Higgs mass is a monotonically increasing function of Ap!
= natural lower bound for A\;p = 0 for a quartic UV potential

cf. lattice [Holland and Kuti '04], [Jansen et al. '12]
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o generalised bare potentials, e.g.:

A A A
Up = 326" + 30" + 5% 0°
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o generalised bare potentials, e.g.:
A A A
Un = 71A¢2 + %Aw + Zghe ¢°

@ for A3n >0 we can choose Myp <0
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o generalised bare potentials, e.g.:
A A A
Un = 71A¢2 + %Aw + Zghe ¢°

@ for A3n >0 we can choose Myp <0
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@ Extension of the simple toy model to a chiral Higgs—top-bottom model:

S= / [8@*0% + U(6'¢) + Tidht + bigh

+ ihy(Prpbr + brod L) + ihe(Yroctr + ?R¢2¢L)]
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@ Extension of the simple toy model to a chiral Higgs—top-bottom model:

S= / [8@*0% + U(6'¢) + Tidht + bigh

+ ihy(Prpbr + brod L) + ihe(Yroctr + ?R¢2¢L)]

(1 + i
0= (¢4 + i¢3>
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@ Extension of the simple toy model to a chiral Higgs—top-bottom model:

S= / [8@*0% + U(6'¢) + Tidht + bigh

+ ihy(Prpbr + brod L) + ihe(Yroctr + ?R¢2¢L)]

(1 + i _(u e Pa—ig3
¢ = (m + i¢3> L= <bL> g = io29" = (—qsl +i¢2>
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@ Extension of the simple toy model to a chiral Higgs—top-bottom model:
5= [ [ous'0"6 + U(o') + Tide + Biap
+ ihy(Prpbr + brod L) + ihe(Yroctr + ?R¢2¢L)]
(1 + i _(u e Pa—ig3
0= ((254 + i¢3> Y= <b1_> ¢pc = io29" = <7¢1 + i¢2>

@ ¢ type bare potentials
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@ Extension of the simple toy model to a chiral Higgs—top-bottom model:

S= / [8@*0% + U(6'¢) + Tidht + bigh

+ ihy(Prpbr + brod L) + ihe(Yroctr + ?R¢2¢L)]

(1 + i ([t
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) Pc = io20" = <7<21+iq?;2>

@ extended bare potentials
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e 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 influenced by the gauge
sectors

1
1672

Bh3 —8g2h — gg2h — ?g'zh}

h:
O 4 2
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@ running of the Yukawa couplings mainly influenced by the gauge
sectors

1 9
h= ~h 2h— 9¢2h— Hgrp
Oth = 162 {2 128 }

o Higgs-top-QCD model

S= /dd[ +U(¢2)+¢,w¢+lh¢¢w+ G W"]

+ ng + Sgh
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@ running of the Yukawa couplings mainly influenced by the gauge
sectors

1 9
h= ~h 2h— 9¢2h— Hgrp
Oth = 162 {2 128 }

o Higgs-top-QCD model

S= /dd{ +U(¢2)+¢,w¢+lh¢¢w+ G W"]

+ ng + Sgh

o flow equations

non pert 2 non-pert 2 _ ppert
0eUy = ,  Ochy 5 . Owg = Bgf
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PRELEMINARY results @ next-to-leading order in the derivative
expansion

@ ¢ type bare potentials
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PRELEMINARY results @ next-to-leading order in the derivative

expansion
@ ¢* type bare potentials o gauged (blue) vs ungauged
model (red)
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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 Qutlook

@ 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 significant influence on the
mass bounds.
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Conclusion and Qutlook

@ 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 significant influence on the
mass bounds.

o Extension of the toy models to the standard model.

R. Sondenheimer FSU Jena

Higgs mass bounds from the functional renormalization group



