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Introduction HEPfit Results Summary

Motivation

o Standard Model: Great success but still

Strong CP problem
CP-violation
Dark Matter

()

@ The Two Higgs Doublet Model

Fulfil all precision electroweak tests
New sources of CP-violation

Dark Matter candidates

Axion phenomenology

()
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model

QL(M,®1 + Yib2)d — (diMadg + di X" "2 dg) 2

FCNC at tree level (very constrained phenomenologically)
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model

Q/L(Méjq)l + Yc/]q)z)dllq — dL(Md + §de)dR<pg

Alignment in flavour space (A2HDM)

Yu=c¢, My, Yd =Sd My, Y= M,.
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model

Parameters of the fit

v & 246 GeV, my, ~ 125 GeV,
m™ T
)\i 107 .:576777 g T A Al
[Ai] < i ae| 5 2]
sy €[-1.5,1.5], Sq € [-50, 50], s € [~100, 100],

M3, M3, M?,. € [80%, 1500%] GeV?.

— 10 parameters
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Introduction HEPfit Results Summary

HEPfit

.
mflt home developers samples documentation

HEPfit: a Code for the Combination of Indirect and
Ditect Constraints on High Energy Physics Models.

Higgs Physics Precision Electroweak Flavour Physics BSM Physics
y e menu in
Iyzo data in £ Model can bo studied by adding
on signal strengths. HEPit lepton flavour dynarmics. models in HEPE it.

http://hepfit.romal.infn.it

— See Victor Miralles talk today @ 17:30 | Fl
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

h signal strengths

Flavour observables

Unitarity and stability

Electroweak precision
observables

@ Direct searches
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

x _ o(pp— h)(h— X)

o h signal strengths =
g g o(pp — h)smlN(h — X)gm
o Flavour observables ATLAS and CMS - ATLAS+CMS
LHC Run 1 - ATLAS
-+~ CMS
B T
. . . u,w ——— — +20
@ Unitarity and stability =
u# o
@ Electroweak precision v e
observables n "k
uv e
@ Direct searches ube T
-1 —0IA5 6 0.I5 1 1}5 2I 2!5 (; 3}5 4

Parameter value
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

@ h signal strengths
b — sv
(8—2)

o Flavour observables —» ko
Bs — putp
AMpg,

Unitarity and stability

Electroweak precision
observables

@ Direct searches
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

h signal strengths b— sy

[Misiak et al. "15] -

Flavour observables

Unitarity and stability
(gu,gd) H* ((uygd)

@ Electroweak precision (g — 2)u — 2-loop computation
observables [Cherchiglia, Stockinger, Stdckinger-
Kim, '17] — ¢

@ Direct searches
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

@ h signal strengths Bs — pTu~
[Li, Lu, Pich, '14]

e Flavour observables

AMpg,
e Unitarity and stability [Jung, Pich, Tuzén, '06]
.. (§u,§d) (§U7§d)7(§é)
@ Electroweak precision b _)_-"";-I-i-""_)_ S, i
observables
ty 4~t,l/
+
@ Direct searches s —¢ L H
(§U7§d)

Ana Pefiuelas Global fits in the A2HDM



Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

CKM fits: Kt — mlv, Ds — pv, B® — BO...

@ h signal strengths
& & assume SM
o Flavour observables b _)_\/Wti)_ s
Wi
) . . ty At
@ Unitarity and stability
W= _
5 = \N\NNN—— |
o Vts th
@ Electroweak precision

observables Pre-fit to CKM parameters

Vig : 07 — 07 transitions [Hardy,
@ Direct searches Towner, '14]

Vb, Ve : b — glv, g = u, ¢ exclusive +

inclusive + UTfit [HFLAV, "16], [UTfit]
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints
Unitarity of the S matrix: STS < 1
'D(Qbad’b — ch(,zsd) <1

@ h signal strengths o 2
— At LO (aj(-)) <3

@ Flavour observables

Unitarity and stability . .~

@ Electroweak precision

observables [Ginzburg, 1. P. Ivanov, '05]

Stability = potential bounded from
below
Direct searches {
bounds on \;
[Barroso, Ferreira, Ivanov, Santos '13]
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Introduction HEPfit Results Summary

The Two-Higgs-Doublet Model — constraints

S, T, U: Oblique parameters

@ h signal strengths
@i
e Flavour observables g PN
@ Unitarity and stability _ [Haber, O'Neil, '10]
R, = I'(Z—bb)
b = T(Z—hadrons)
@ Electroweak precision

Sus S
observables (u;<0)

@ Direct searches

(§U7§d)

[Haber, Logan, '00]
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The Two-Higgs-Doublet Model — constraints

h signal strengths

L L I e e L

-
o

ATLAS Preliminary —e— Observed (CLs)
\s=13TeV, | Ldt=32fb" """ Expected (CLs)
A—Zh—> Zbb ENERY

DiZc

e Flavour observables

Unitarity and stability

_k
<

@ Electroweak precision
observables

95% C.L. limit on 6(A—Zh) BR(h—bb) [pb]

ol e b b b b b b b B
10200 400 600 800 1000 1200 1400 1600 1800 2000
. m, [GeV]
@ Direct searches
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Introduction HEPfit Results Summary

Results-h signal strengths

h=cos&S1 +sin& Sy

S < 0 0 ..
& < 0.003 68% probability H— _sind S +cosd Sy

la] < 0.024 95.5% probability

[0 Strengths 99.7% B Strengths 68%
B Strengths 95.5%

1.0

0.8 1

0.6

0.4

0.2

~0.04 ~0.02 0.00 0.02 0.04
a
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Introduction HEPfit Results Summary

Results-h signal strengths

Vertex: @
yr=1+dacgr+ O(@z)

[ Strengths 99.7% B Strengths 68%
B Strengths 95.5%

100

B /

—50 1 /
—100 T T

-50 T T T T T T T T
—-0.04 -0.02 X X —0.04 -0.02 0.00 0.02 0.04 —0.04 -0.02 0.00 0.02 0.04
d d
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Introduction HEPfit Results Summary

Results-flavour
Allowed at 95.5%

lsullsgl £ 12 95.5% probability
lsa] 9 95.5% probability

(g=2) Bl Flavour not (g—2), WM Flavour

100

0 =100 -
-1.50 =0.75 0.00 0.75 1.50 -1.50 -0.75 0.00 0.75

Su Cu
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Introduction HEPfit Results Summary

Results-flavour u

|<u| < _0.102
p- < 0.001 — G102
qd
I Flavour 95.5%

15

1.0 1

0.5 A

0.0 A

Cu

—0.51

~1.0 1

-1.5

200 400 600 800 1000 1200
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Introduction HEPfit Results Summary

Results-theory

0 10 0 10 -5 15 =15 15 =5 5 -5 5
A A As A As s
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Introduction HEPfit Results Summary

Results-Theory and EWPO
Theory: |M; — M;| <500 GeV  i,j = H, A H*

Electroweak 95.5% Theory 100%
Electroweak 68%
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Results- Theory and EWPO

Electroweak 95.5% Theory 100%
Electroweak 68%
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Results-Direct searches

Allowed at 95.5%
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Introduction HEPfit Results Summary

Results-Global fit

Allowed at 95.5%

B All constraints 1 Theory
[0 Electroweak B Direct searches
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Introduction HEPfit Results Summary

Summary
Bounds on:
° |dl
° [sullsdl
° [<dl
"] |M, — MJ‘
@ Constraints on the planes
° G —g
e (i — MH:t
o \i—

Model fulfilling all experimental+theoretical bounds

Different constraints — constrain different planes/directions
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lterations/time

Ana Pefiuelas

Fit Iterations | Chains | Time

Strengths 108 12 97min

Flavour 107 8 140min
Theory | 3 x 107 8 22h
Global fit | 3 x 108 12 80h

Global fits in the A2HDM
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HEPfit

@ C++ open source

@ Bayesian statistical analysis: Bayesian Analysis Toolkit (BAT)
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Yukawa couplings

2
V26rmy <
v

1

my = 170 GeV — |¢¢| < 1.2

mp ~ 4 GeV — [gp| S 43

m; ~ 2 GeV — |¢;] <90
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CKM fit

68% region
95% region

0.6

0.5
0.4
1< 0.3
0.2

0.19

0.0 T T T
0.00 0.25 0.50 0.75 1.00

0
Parameter Value Parameter Value
A 0.22564 4 0.00090 D 0.182 £ 0.016
A 0.829 £ 0.017 7] 0.360 £+ 0.035
L ma | -0.39 I s | 0.82 |
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Higgs signal strengths-ratios

reF = €os & + Gr sin &,

ryy = Cos &,

i 35 re NEQ2F (x¢) + Goaw) + Cry |

h S NEQRF(xe) +G0w)|
e F(xr)|

8 T F )
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The Two-Higgs-Doublet Model

FCNC at tree level (very constrained phenomenologically)

Yukawa Lagrangian

By === {JLMddR + g M,ug +ZLMIZR}

N 2N—1
1 3 - -
X { > RiagS (Y e + B YS™ up + 1Y)
a=2 i

<|¥

+

<%

Hi (8 Vs Y dr = GRS Vil + 70 YD) } +he.,

Natural flavour .
. Flavour alignment
conservation
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