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Introduction RGE Fit constraints Results Conclusions

Higgs Discovery at LHC

SM-predictions.
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Mass of the Higgs is around 125 GeV.

Higgs properties in Run-1 look “SM-like".

Measurements are in reasonable agreement with
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Introduction

Motivation

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

@ Why spin-0 content is minimal while spin—% is not?

@ No evidence of any degrees of freedom which could ensure the
naturalness of the Higss mass.
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Introduction

Model

VEEM = my 0]y + m3, 010, — mi, (0l0, + ole, )
+ % (<1>1<1>1)2 + % (¢§¢2)2 TP (cb{cbl) (¢§¢2)
+ 4 (0]0,) (0l0,) + % [(cb{cbz)z + (cb;cbl)z]
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Assume an additional Z> symmetry to avoid tree-level Higgs
mediated FCNC's

- Ttody typel"
~7tod; type X"
- Tto®dy type Y"
T~7tod; type "

b to ¢,

t couples to ®,, \
b to ¢4,
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Introduction RGE Fit constraints Results Conclusions

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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Introduction RGE Fit constraints Results Conclusions

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, Craig et al. '13, Carena et al. '13]
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NLO RGE

@ We are interested to see whether the 2HDM can be extended
to high-scale as a theory beyond the SM.

@ In the analysis we employ 2-loop RGEs of the 2HDM
parameters.

@ To see the effect of NLO RGE we use the a benchmark point
from [Baglio, Eberhardt, Nierste, Wiebusch '14]:

my = 600 GeV, my = 658 GeV, my+ = 591 GeV,
tan 3 = 4.28, B — a = 0.5137 and m?, = (277.3 GeV)?
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Benchmark point — potential parameters
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v'2-loop RGEs softens the running.
v Cut-off scale is pushed to higher values with 2-loop RGEs.
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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, Eberhardt, 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

B(b — s7v)
[Hermann, Misiak, Steinhauser '12; Misiak et al. '15; HFAG '14]
Ht
AmBs b 3
t t
[Deschamps et al. '09; LHCb '13] s | |

H eff 0 0 0
MW, rW, I—Z7 Sin 9, 5 Uhad7 AFB’ AFB’ AFB’ A/, AC; Ab, R/, RC7 Rb

[Zfitter '90,'01,’06; LEP & SLD '06]
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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
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Fit results
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Fit results
0.7 T 0.7 T T T
T T im
ol Ral
F 0.6mF E

0.4mf

Debtosh Chowdhury

0.3m

KM

stable up to

U few
-I MPIa nck

200

Fitting the 2HDM with NLO RGE

12/ 15



Introduction RGE Fit constraints Results Conclusions

Fit results
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Fit results
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Naturalness

[e.9]
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Naturalness
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Naturalness
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Assuming finat = Hstability ‘k1’7 ’kZ‘ <1land ‘5’77%;’ < m%:

(i, Vi, &)| < 6 and pinae S5 TeV/|
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Conclusions

Conclusions

@ 2HDM NLO RGE in arXiv:1503.08216

o tan 8 >1 with figapility at Mplanck

0.14m mz

o f—a—-TF| < With fistability at in type |
| 2 | 0.127 stapity MPIanck
. 0.0257 . mz
!ﬁ —a— 5‘ < With fiseability at in type Il
0.0147 MPIanck

@ Perturbative naturalness of my, is only possible
for pinat in the TeV range.
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Back-up
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Limits on 3 — «, sin( — «) and cos(5 — )

Type | Type Il
list = fiew | B — @ [1.136;1.900] | [1.491; 1.640]
[0.3621; 0.608] | [0.4757; 0.522x]
cos(f — a) | [-0.332;0.421] | [-0.069;0.080]
sin(8 — «) | [0.907;1] [0.997; 1]
fst = pp1 | B—a [1.207;1.87] [1.555;1.614]
[0.3847;0.5957] | [0.4957; 0.5147]
cos(3 — a) | [~0.258;0.36] | [-0.043;0.016]
sin(8 — ) | [0.935;1] [0.999; 1]
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Fit results
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Fit results
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Benchmark point — physical parameters
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Why do we use ||S¢,¢, 4,4 || < %
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