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Introduction RGE Fit constraints Results Conclusions

Motivation

All couplings of the 125 GeV h seem to be SM like, but:

@ How do we interpret the EW vacuum metastability in the SM?

@ What about the hierarchy problem?
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Model
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Parameters

The 8 potential parameters can be translated into 8 physical
parameters:

v =246 GeV, my = 125 GeV,

my, ma, Mg+, mfz, tanf, B —«
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Parameters

The 8 potential parameters can be translated into 8 physical
parameters:

v =246 GeV, my = 125 GeV,

my, ma, Mg+, mfz, tanf, B —«

Alignment limit: (8 —a) — % —0

Decoupling limit: (8 — a) — % < 1land my= ma~ my+ > my

[Gunion, Haber '02] /)
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NLO RGE

We get the NLO RGE using PyROTE.
[Lyonnet, Schienbein, Staub, Wingerter "13]
(http://pyrate.hepforge.org/)

Benchmark point from [Baglio, OE, Nierste, Wiebusch '14]:

my = 600 GeV, my = 658 GeV, my+ = 591 GeV,
tan 3 =4.28, B — a = 0.5137 and m3, = (277.3 GeV)?
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Benchmark point — potential parameters
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Benchmark point — physical parameters

I ' S ] 1Tevh -
My
15+ | 300 GeV
14 P 100 Gev i
//
30 GeV W
13 i
m; 300GeV 1TeV 5Tev 195Tev 82TeV mz 300GeV 1TeV 5TeV 195TevV 82TeV

[Chowdhury, OE '15]
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Potential stability bounds

@ Positivity of the scalar potential [Deshpande, Ma '78]
o Unitarity of the ¢;¢; — ¢i; S-matrix (|[Sy,¢;—¢ie; 11 < %)

[Nierste, Riesselmann '96; Ginzburg, lvanov '05;
Baglio, OE, Nierste, Wiebusch '14]

@ Global minimum at 246 GeV [Barroso, Ferreira, lvanov, Santos '13]

Define the largest scale which is compatible with the stability
criteria as cut-off pigiapility -
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Flavour and electroweak observables
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Light Higgs signal strengths
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Heavy Higgs searches
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Framework

yr@te

Python Rewormalization Group Equations @ Two-Loop for Everyons

ZFITTER
The Fortran Package ZFITTER

HDECAY

FEYNRULES 2.0

FeynArts 3.8 \
fitter
FormCalc 8 package

LoopTools 2.8 IN FN
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Fit results
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Naturalness
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Naturalness
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Conclusions

@ 2HDM NLO RGE in arXiv:1503.08216

o tan 8 >1 with figapility at Mplanck
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. 0.026m . mz
!B —a— 5! < With fiseability at in type Il
0.0167 MPIanck

@ Perturbative naturalness of my, is only possible

for finat in the TeV range.
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Future outlook

HEPfit project (https://github.com/silvest/HEPfit)
Bayesian open-source fits of the SM and beyond, including:

o ¢ 2HDMs as presented here with

v/ Stability constraints

v ST, U

v Higgs constraints (LO)

v b — sy (NNLO), Amg, (LO), B — 7v (LO)
X Further flavour observables (LO)

X EWPO

X RGE (NLO)

o X my = 125 GeV
@ X CP violation in the scalar potential

@ X Other types of 2HDMs (inert, BGL, type IlI) /)
First HEPfit release planned this winter — stay tuned! wN
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Limits on 3 — «, sin( — «) and cos(5 — )

Type | Type Il
list = lew | B — @ [1.14;,1.91] | [1.49;1.64]
[0.367;0.617] | [0.477;0.527]
cos(f — @) | [-0.33;0.42] | [-0.068;0.081]
sin(8 — «) | [0.908;1] [0.997;1]
fst = pp1 | B—a [1.21,1.87] | [1.55;1.62]
[0.397;0.607] | [0.4937;0.5167]
cos(f — a) | [-0.30;0.36] | [—0.044;0.018]
sin(8 — «) | [0.934;1] [0.999; 1]
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Fit results for the types X and Y
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