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A New Higgs-Like Boson
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Great success of the Standard Model
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Beautiful Discovery

Boson, J=20

Fermions = Matter ; Bosons = Forces

e Fundamental Boson: New interaction which is not gauge

e Composite Boson: New underlying dynamics
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Beautiful Discovery

Boson, J=20

Fermions = Matter ; Bosons = Forces

e Fundamental Boson: New interaction which is not gauge

e Composite Boson: New underlying dynamics
2 2
If New Physics exists at Anp MY ~ (fT)z Nip log </E—§>

Which symmetry keeps My away from Anp?

e Fermions: Chiral Symmetry
e Gauge Bosons: Gauge Symmetry

e Scalar Bosons: Supersymmetry, Scale/Conformal Symmetry ...7
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Possible Scenarios
of EWSB

©® SM Higgs: Favoured by EW precision tests

® Alternative perturbative EWSB:

My =i AITH(T +1) — Y

Scalar Doublets and singlets Pree = 1y 2 = 25, v2Y?

© Dynamical (non-perturbative) EWSB:

Pseudo-Goldstone Higgs

Scalar Resonance
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Higgs Mechanism:

Gauge invariance

Massless W=, Z (spin 1)

3 x 2 polarizations = 6
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Higgs Mechanism: 3 additional degrees of freedom ;(x)

Gauge invariance

Massless W=, Z (spin 1)
3 x 2 polarizations = 6

+

3 Goldstones ;(x)

SSB l

Massive Wi, V4

3 x 3 polarizations = 9
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Higgs Mechanism: 3 additional degrees of freedom ;(x)

Gauge invariance
Massless W=, Z (spin 1)
3 X 2 polarizations = 6
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Spontaneous Symmetry Breaking
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Higgs Mechanism:
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Gauge invariance
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Standard Model Yukawas @ famiy)
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Signal Strengths
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VBF+VH

Production
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Strong (indirect) evidence for Higgs coupling to t
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Strong evidence for Higgs coupling to 7 and b
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It is a Higgs Boson

Ar = (mg/M)!Te
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Ellis-You, 1303.3879

SM: e=0, M=v=246 GeV

CMS: (95% CL)
¢ € [~0.054, 0.100]

M € [217, 279] GeV
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QCD Exotics

V. llisie - AP, 1202.3430

X € SU(3)c representation R

2
_ZZ ~ > Tr[thty] = Crdr
a=1

(99 - H)/osu

Non decoupling: £ = —x (XX)H Mu(cen

Rw = vy

Exotic fermions in higher-colour
representations could only exist

2>
provided their masses are not € L pewe ]
generated by the SM Higgs o ]
5 ]
(or fine-tuned cancelations with scalar loops) 109 1 0 % 0 0

My (GeV)
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Higgs-Singlet Extension of the SM

2
V(®,S) = A (\¢|27 ;) + (20 S + by S?) (|¢\27 ;) + 1 M2S2 4 25 S5 4 As S*

e Real singlet and neutral field: S = ST
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Higgs-Singlet Extension of the SM

2

2
V(®,S) = A (\¢|27 ;) + (20 S + by S?) (|¢\27 %) + 1 M2S2 4 25 S5 4 As S*

e Real singlet and neutral field: S = ST

e Minima: (S)=0 , (@)= % 30 = L (v4o)
M2 > a3 /(4)) > 0

e Positive growing at large field values: A, As, be > 0

e Mass eigenstates (mixing): (-2<a<?®)

h\ _ [ cosa sina sﬁ) _ 2apv
<H)7{75inoz cosoz}(S ' tan2a72V2)\7M§

M2 =1(Z-A) < MZ=Li(Z+1)
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The singlet scalar does not couple to fermions and gauge bosons

o, = SM _ R SM _
Ry = gh\/\//ghv\/ = Ccos & , Kf = Y /yhff = COS &
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The singlet scalar does not couple to fermions and gauge bosons

A. Pich

PR SM _
KV = 8hwv/&hvy = COS

= SM _
, Kf = Yo [ Vi = COSQY

Br(h — f) = Br(h — f)su
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The singlet scalar does not couple to fermions and gauge bosons

A. Pich

o, = SM _ R SM _
Ry = gh\/\//ghv\/ = Ccos & , Kf = Y /yhff = COS &

Signal Strengths: Br(h — f) = Br(h — f)sm

pp = cos? a
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The singlet scalar does not couple to fermions and gauge bosons

A. Pich

Kv = g/ 8ovy = cosa , Kf = Yo ViRt = cosa
Signal Strengths: Br(h — f) = Br(h — f)sm
ph = cos? , TRV sin®a [1 — Br(H — hh)]
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The singlet scalar does not couple to fermions and gauge bosons

Kv = g/ 8ovy = cosa , Kf = Yo ViRt = cosa
Signal Strengths: Br(h — f) = Br(h — f)sm
ph = cos? , TRV sin®a [1 — Br(H — hh)]

—— W boson mass
EW observables (S,T,U)
. e Ag perturbativity (tanp=0.1)
R - - perturbative unitarity (tanp=0.1)
~ LHC SM Higgs searches
- Higgs signal rates

95% CL

| sinot | (upper limit)

Robens-Stefaniak, 1501.02234

m=My , X=X
tan 8 = 4vig/ag
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Higgs Width

Sensiti\lity to rH Off-she": Caola-Melnikov, Kauer-Passarino, Campbell et al
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Alternative analysis: Azatov e al, 1406.6338
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Invisible Higgs Width
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