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A New Higgs-Like Boson
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Great success of the Standard Model 
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Possible Scenarios

of EWSB

1 SM Higgs: Favoured by EW precision tests

2 Alternative perturbative EWSB:

Scalar Doublets and singlets ρtree =
M
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3 Dynamical (non-perturbative) EWSB:

Pseudo-Goldstone Higgs

Scalar Resonance
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Evidence of Electroweak Corrections
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SM Higgs
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First Measurement of MW at LHC

1701.07240
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H decays into the heaviest possible particles

Br(H → X )
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Signal
Strengths

Parameter value
1− 0.5− 0 0.5 1 1.5 2 2.5 3 3.5 4

bbµ

ττµ

WWµ

ZZµ

γγµ

 Run 1LHC

CMS and ATLAS ATLAS+CMS

ATLAS

CMS

σ1±

σ2±

µ ≡ σ · Br/ (σ · Br)
SM

Decay Mode ATLAS CMS Combined

H → γγ 1.14+ 0.27
− 0.25 1.11 + 0.25

− 0.23 1.14 + 0.19
− 0.18

H → ZZ∗ 1.52+ 0.40
− 0.34 1.04 + 0.32

− 0.26 1.29 + 0.26
− 0.23

H → WW∗ 1.22+ 0.23
− 0.21 0.90 + 0.23

− 0.21 1.09 + 0.18
− 0.16

H → ττ 1.41+ 0.40
− 0.36 0.88 + 0.30

− 0.28 1.11 + 0.24
− 0.22

H → bb 0.62+ 0.37
− 0.37 0.81 + 0.45

− 0.43 0.70 + 0.29
− 0.27

H → µµ −0.6 + 3.6
− 3.6 0.9 + 3.6

− 3.5 0.1 + 2.5
− 2.5

Combined 1.20 + 0.15
− 0.14

0.97 + 0.14
− 0.13

1.09 + 0.11
− 0.10

〈µ〉 = 1.09+ 0.11
− 0.10

Full Run-1 Data (arXiv:1606.02266)
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Production Channels
Gluon Fusion Vector Boson Fusion Ass. VH Production Ass. tt̄H Production
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Signal

Strengths
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Strong (indirect) evidence for Higgs coupling to t

g
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i
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Strong evidence for Higgs coupling to τ and b

1708.00373 H → τ
+
τ
−

H → bb̄ 1708.03299

vκ
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Signal
Strength ATLAS CMS

H → ττ 0.98+ 0.18
− 0.18 (5.9σ)

H → bb 0.90 + 0.28
− 0.26 (3.6σ) 1.06+ 0.31

− 0.29 (3.8σ)

1708.00373

1708.03299 , CMS-PAS-HIG-16-044
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Effective
Couplings H
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It is a Higgs Boson

yf = (mf /M)1+ǫ , (gV /2v)1/2 = (MV /M)1+ǫ
Ellis-You, 1303.3879
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Heavier SM Generations? (M
Q

≫ M

H

)

g

g

Q
H ∼ MQ

︸ ︷︷ ︸

Yukawa

MQ

M2
H

M2
Q

︸ ︷︷ ︸

Loop

∼ # M2
H

Heavy quarks do not decouple (result independent of MQ)

MQ → ∞ limit already good for the top quark
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︸ ︷︷ ︸

Yukawa

MQ

M2
H

M2
Q

︸ ︷︷ ︸

Loop

∼ # M2
H

Heavy quarks do not decouple (result independent of MQ)

MQ → ∞ limit already good for the top quark

4th Generation: Qu ,Qd σ(gg → H)4G ∼ 32 σ(gg → H)3G

The LHC data exclude a 4th SM Generation

(up to fine-tuned cancellations with BSM contributions)
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QCD Exotics

X ∈ SU(3)C representation R

g

g

X
H

∼
dA
∑

a=1

Tr
[

t
a
R t

a
R

]

= CRdR

Non decoupling: L = −MX

v
(X̄X )H

Exotic fermions in higher-colour
representations could only exist
provided their masses are not
generated by the SM Higgs

(or fine-tuned cancelations with scalar loops)

V. Ilisie - AP, 1202.3430
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Invisible Higgs Width

Assumptions: |κW ,Z | ≤ 1 , κWκZ > 0

BSMB

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Λ
2
 l
n
 

−

0

1

2

3

4

5

6

7

8

9

Run 1LHC

CMS and ATLAS ]
BSM

, Bγκ,gκ,bκ,τκ,tκ,Wκ,Zκ[

Observed

SM expected

Br
BSM

< 0.34 (95% CL)
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Lepton-Flavour-Violating Couplings

L = −H {Yeµ ē
L
µ

R
+ Yeτ ēL

τ
R
+ Yµτ µ̄L

τ
R
+ · · · }

CMS, 1607.03561
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 e conv.→µ
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|=m
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e
Y e
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Br(H → τe) < 0.69% , Br(H → µe) < 0.035% (95% CL)
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Higgs-Singlet Extension of the SM

V (Φ,S) = λ
(

|Φ|2 − v2

2

)2
+

(

aΦ S + bΦ S2
)

(

|Φ|2 − v2

2

)

+ 1
2
M2

S
S2 + aS S3 + λS S4

• Real singlet and neutral field: S = S†
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2
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S > a2Φ/(4λ) > 0

• Positive growing at large field values: λ, λS , bΦ > 0

• Mass eigenstates (mixing): (−π
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≤ α ≤ π

2
)

(
h
H

)

=
[

cosα sinα
− sinα cosα

] (
ϕ
S

)

, tan 2α =
2aΦv

2v2λ−M2
S

M2
h = 1

2 (Σ−∆) < M2
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2 (Σ +∆)

Σ = 2v2λ+M2
S , ∆ =

√

(2v2λ−M2
S)

2 + 4a2φv
2
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The singlet scalar does not couple to fermions and gauge bosons

κV ≡ ghVV /g
SM

hVV = cosα , κf ≡ yhff /ySM

hff = cosα
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κV ≡ ghVV /g
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hVV = cosα , κf ≡ yhff /ySM

hff = cosα

Signal Strengths: Br(h → f ) = Br(h → f )SM

µh = cos2 α , µH→VV ,f f̄ = sin2 α [1− Br(H → hh)]
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M2
W

(

1− M2
W

M2
Z

)

=
πα√
2
(1 + ∆r)

W±, Z W±, Z

W±, Z

h,H

δ(∆r) = ∆rH
︸︷︷︸

sin2 α

+ ∆rh −∆rSM
︸ ︷︷ ︸

cos2α− 1

∝ sin2α
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Universality of Leptonic Z couplings
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Sensitivity to the Number of Neutrinos

hep-ex/0509008
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Evidence of Gauge Self-interactions
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No evidence of γZZ or ZZZ couplings
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Higgs Production Cross Sections

Production Cross section [pb] Order of

process
√

s = 7 TeV
√

s = 8 TeV calculation

ggF 15.0 ± 1.6 19.2 ± 2.0 NNLO(QCD) + NLO(EW)

VBF 1.22 ± 0.03 1.58 ± 0.04 NLO(QCD+EW) + approx. NNLO(QCD)

WH 0.577 ± 0.016 0.703 ± 0.018 NNLO(QCD) + NLO(EW)

ZH 0.334 ± 0.013 0.414 ± 0.016 NNLO(QCD) + NLO(EW)

[ggZH] 0.023 ± 0.007 0.032 ± 0.010 NLO(QCD)

ttH 0.086 ± 0.009 0.129 ± 0.014 NLO(QCD)

tH 0.012 ± 0.001 0.018 ± 0.001 NLO(QCD)

bbH 0.156 ± 0.021 0.203 ± 0.028 5FS NNLO(QCD) + 4FS NLO(QCD)

Total 17.4 ± 1.6 22.3 ± 2.0

ATLAS-CMS, 1606.02266
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 bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

→pp 

 tH (NLO QCD, t-ch + s-ch)

→pp 

Run1 

7-8 TeV ⇒
Run2 

13 TeV
Higgs Branching Ratios

Decay mode Branching fraction [%]

H → bb 57.5 ± 1.9

H → WW 21.6 ± 0.9

H → gg 8.56 ± 0.86

H → ττ 6.30 ± 0.36

H → cc 2.90 ± 0.35

H → ZZ 2.67 ± 0.11

H → γγ 0.228 ± 0.011

H → Zγ 0.155 ± 0.014

H → µµ 0.022 ± 0.001
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Higgs Width

Sensitivity to ΓH off-shell: Caola-Melnikov, Kauer-Passarino, Campbell et al

dσgg→H→ZZ

dm2
ZZ

∼
g2
ggH

g2
hZZ

(m2
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−M2
H
)2 +M2

H
Γ2
H

, σgg→H→ZZ ∼
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ΓH < 3.2 Γ
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H = 13 MeV (95% CL)

ATLAS, 1503.01060: ΓH < 22.7 MeV

Assumes constant couplings unrelated to ∆ΓH Englert-Spannowsky, 1405.0285
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Alternative analysis: Azatov et al, 1406.6338
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t )

A. Pich EW & Higgs Physics 35


