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Introduction

The Standard Model succeed but it has some deficiencies = Not the
definitive theory

Why just one Higgs boson?
m Processes involving flavour changing neutral are strongly constrained
m In order to avoid those processes some assumption can be made

m Minimal Flavour Violation (MFV) = the dynamics of flavour violation is
completely determined by the structure of the ordinary Yukawa couplings

m A. V. Manohar & M. B. Wise = only (1,2) /2 and (8,2);/, satisfy MFV
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m Many works studying extensions with more (1,2); /, scalars
m We focussed on the (8,2);/, scalar extensions

m For the first time a global fit of this model is performed

m We use the public HEPfit package

m We study both theoretical and experimental constraints
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The Manohar-Wise Model

m Scalar sector n 4A
= ¢0 g4 — S "
¢ S0

m Different quantum numbers than the SM Higgs doublet = No mixture
m Conservation of colour = Cannot acquire a vev

ololo) = ( L e ) ostm=(7)

m Most general potential build with these scalars (S = SAT4)

V= 2<¢Ti¢z‘ - %2)2 +2mg? Tr STS; + 116 ¢ Tr ST S; + vapii; Tr STS,
+ 301 p1 Tr S;S; + vad’ Tr S178;S; + v Tr ST78;S; + h. c/]
+ 1 Tr S708,81.8; + 11y Tr 87188198 4 13 Tr ST2S,; Tr S17.8;
+ 14 Tr ST, Tr SY.8; + 15 Tr $;.8; Tr 8T8 4 116 Tr S5 51
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The Manohar-Wise Model

m The vev produces a splitting of the masses

A v?
m3 = ~v? m%0 =mg + (v + v + 2v3) —
2 R 4
2 2 v? 2 2 v?
msi:ms—i—ulz ms?:m3+(ul+u2—2z/3)z

m The kinetic term of the colour octet is
Lskin = 2Tr[(D,S) DS, with D,S = 8,8 + igs[G,u, S] + igW,.S + iysg' B,

m The Yukawa term takes the form:

3
Lsy = — Z [UDYi?@LiSde + UUY;?@LI.SURj + h. C.}

i,7=1
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HEPfit

.
mflt home developers samples documentation

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

Parameters m% Un, Hn nu D

Priors | (0.42,1.52) TeVZ | (-10, 10) | (-10, 10) | (-5, 5) | (-20, 20)

Positivity
Theoretical constraints
Unitarity

Higgs Signal Strengths
Direct Searches
Experimental constraints

Flavour

Electroweak Precision
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The MW Constraints: Theoretical

m Renormalisation group stability — Absence of Landau poles and bounded
from below

m Perturbative unitarity: scattering of two to two scalars must not have a
probability largen than 1

m Expressions at LO available for large s approximation — we only apply them
for scales higher than p,, = 1.5 TeV

m Using RGEs we obtain approximately the NLO(+) perturbative unitarity
condition

NLO: 0 < ( <o>) ( (}o>) Re (a§1>> Si

NLO+: () +Re ()] < |

m Perturbative behaviour of quantum corrections
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The MW Constraints: Higgs Signal Strengths
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The MW Constraints: Direct Searches

m We use MadGraph for producing the theoretical prediction

m We compare the result with data of ATLAS and CMS

Channel Experiment | Mass range L
[TeV] [b~1]
pp — Sg,1 — tt ATLAS [0.4;3] 36.1
bb — Sg,; — tt ATLAS [0.4;1] 13.2
pp — Srott — (tt)(tt) ATLAS [0.4,1] 36.1
pp — STbt — thbt ATLAS [0.2;2] 139.1
bb — Sgr,r — bb CMS8 [0.1,0.9] 19.7
99 — Sr,; — bb CMS8 [0.325;1.2] 19.7
pp — Sr,r — bb CMS [0.55;1.2] 2.69
bb — Sg,r — bb CMS [0.3;1.3] 35.7
pp — Sr.1 — 99 CMS [0.5,8] 27 & 36
pp — Sr.1Sr,1 — (99)(99) ATLAS [0.5,1.75] 36.7
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The MW Constraints: Flavour

m B, — B, mixing
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The MW Constraints: Electroweak Precision Observables

m Contribution to the oblique parameters (S, T' and U)

7N
\/\/\/\/\ YaVaVaVERVaVaVavaVaVaVa
a Y b a b
T'(Z—bb)

m Contribution to the R, = T(Zhadrons)
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Theoretical constraints

Constrain the parameters of the potential — Constraints on the mass splitting

o 3TeVy,=2.5TeV WM 3TeVpy,=15TeV Wl 5TeVpy,=1.5TeV

ms=
ms=
400 600 800 1000 1200 400 400 600 800 1000 1200 1400
ms, (GeV) ms, (GeV)
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Higgs Signal Stregths

No constraints from Higgs Signal Stregths alone

I 95% Signal Strengths Theo 3TeV
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Oblique Parameters

Important constraints on v — 3 plane
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Flavour and R,

Important constraints on ny — mg plane, AMp, dominant
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Direct Searches (DS)

Dominant constraints come from processes with ¢-quarks produced

B 95% DS t-quark 99.7% DS t-quark Bl 95% DS no t-quark WM 99.7% DS no t-quark

Victor Miralles (IFIC-UV) Constraints on coloured scalars from global fits September 2021 17 /21



All Observables
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All Observables
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All Observables
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m For the first time a global fit of the MW is performed

m The theoretical constraints are dominant for the parameters of the potential

m DS with t-quark production — mg > 1.05 TeV with 95% probability
m Flavour — |ny| < 1.8
m No constraints of np in the range (-20, 20)
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