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Large Hadron Collider

LHC run Il already started!

@ search for new physics beyond the
standard model

http://people.physics.tamu.edu /kamon/ research /refColliders/LHC /LHC_is_back.html
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LHC run Il already started!

@ search for new physics beyond the
standard model (750 GeV?)

o detailed studies of the Higgs

Highlight LHC run [
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Higgs mass bounds & vacuum stability
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Higgs mass bounds & vacuum stability
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@ second minimum occurs at a trans-Planckian scale? cabriei et a1 13

@ discrepancy to lattice studies Hoiand, Kuti '04; Fodor et al '13

@ implicit renormalization conditions in conflict with a well defined partition
fu nCtion Branchina, Faivre '05
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Higgs-Top Model
S= / d¥x [%(3,@)2 + U(Q?) + idp + ihgpep
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Higgs-Top Model
S= / d9x B(aﬂqsf + U(¢?) + bidhp + ihm&/f}

08

o 1-loop beta function for Ay¢*:
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Higgs-Top Model
S= / d9x B(amf + U(¢?) + bidhp + ihqﬂz”l/f}

o 1-loop beta function for Ay¢*:

p
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@ 1-loop effective (single scale) potential:

2 _
Uge(9) = —%¢2 + Mcﬁ‘l
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Higgs-Top Model
S= / d9x B(amf + U(¢?) + bidhp + ihqﬂziﬁ}

@ 1-loop beta function for Ap¢*: .
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Higgs-Top Model
S= / d9x B(amf + U(¢?) + bidhp + ihqﬂz”‘ﬁ}

@ 1-loop beta function for Ap¢*: .
1o s 3o
— = —|3X\+Xh"—h .
iz du  4n? [ 2+ A2 ] 0_04\
@ 1-loop effective (single scale) potential: o
m? AMup=¢ e
O s
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BUT:
@ interaction part of the fermion determinant is strictly positive cies, rs 14

R. Sondenheimer (FSU Jena) Vacuum stability from generalized Higgs interactions April 28th, 2016

4/12



Higgs-Top Model
S= / d9x B(amf + U(¢?) + bidhp + ihqﬂz”‘ﬁ}

@ 1-loop beta function for Ap¢*: .
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iz du  4n? [ 2+ A2 ] 0_04\
@ 1-loop effective (single scale) potential: o
m? AMup=¢ e
O s

0 50x10°  10x10"  15x107 20107
4IGeV]

BUT:
@ interaction part of the fermion determinant is strictly positive cies, rs 14
@ multi-scale problem U(yt; ¢) sorchardt, Gies, RS 16
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Functional renormalization group

Oklk = %STr |: Ok R ]

Ff) + Ry

Wetterich '93
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Functional renormalization group

A
o = Lo ]
2 My’ + Re
Wetterich '93
@ nonperturbative flow equations, e.g., Te
o U(k,¢) = Bu, Oh? = By
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Functional renormalization group

Oklk = %STr |: Ok R ]

Ff) + Ry

Wetterich '93

@ nonperturbative flow equations, e.g., *

o U(k, ¢) = Bu, Ol = By

@ initial values and fine tuning:

U=+ 2260 or Un= 228 - Y
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Functional renormalization group

Olk = 1STr {
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Wetterich '93

@ nonperturbative flow equations, e.g.,
o U(k,¢) = Bu, Oh? = By

@ initial values and fine tuning:

_ )\1/\¢ )\2/\¢

or

Un

)\2/\

A1n (or va) — vp = 246 GeV
— Myop = 173 GeV

ha
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RG flow of the Higgs potential
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Nonperturbative Higgs mass bounds
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Nonperturbative Higgs mass bounds
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Nonperturbative Higgs

my[GeV]

mass bounds
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Nonperturbative Higgs
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o myu(A2n) is monotonically increasing
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Nonperturbative Higgs mass bounds
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o myu(A2n) is monotonically increasing

@ natural lower bound for quartic bare potentials Ayp ¢*

(Cf. lattice simulations cerhold et al. '07)
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Generalized UV potentials
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@ we can choose Axp < 0, if the potential is stabilized by Azpn > 0
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Generalized UV potentials
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Generalized UV potentials

Xop =0, )\3’/\ =0
Xop = —0.05, A3p =3
Aop = —0.08, A30 =3

my[GeV]

1000 10° 107 10° 10"
AlGeV]

R. Sondenheimer (FSU Jena) Vacuum stability from generalized Higgs interactions



Generalized UV potentials
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Generalized UV potentials
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Generalized UV potentials

PRELEMINARY results for the SM: shift of the lower bound by 1 GeV at the
Planck scale for polynomial bare potentials
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Generalized UV potentials

PRELEMINARY results for the SM: shift of the lower bound by 1 GeV at the
Planck scale for polynomial bare potentials

Beyond polynomial bare actions (@ mean-field level):
o AUp= 26*In £

o AUy = —m¢*In (1+ 25)

107
10 F

10°r

UilGeVv*]

102}

10144

i L " " " n
0.1 1000 107 10" 101 10"
$lGeV]

R. Sondenheimer (FSU Jena) Vacuum stability from generalized Higgs interactions April 28th, 2016 11 /12



Generalized UV potentials

PRELEMINARY results for the SM: shift of the lower bound by 1 GeV at the
Planck scale for polynomial bare potentials

Beyond polynomial bare actions (@ mean-field level):
o AUp= 26*In £
o AUy = —m¢*In (1+ 25)
o AUy = ah* {6 cos(874/N) Ci(8rd/A) + 6sin(8rp/A) Si(8w/A)
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Conclusions & 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 significant influence on the mass
bounds.
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Conclusions & 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 significant influence on the mass
bounds.

@ A lot of improvements can be done!

Thanks for your attention!
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