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The SM and its successful paradigm

• SM = EFT with very high cutoff

- higher-dim operators become irrelevant in the IR 

- accidental symmetries in the IR  (approximate flavor and custodial, B, L)

• Fermions in complex representations

- only naturally light fields are observed

• Global symmetry group broken by Yukawas 

- massless particles implied by ‘t Hooft anomalies are lifted by Yukawas

Exception:   [U(1)B-L]3 ‘t Hooft anomaly would imply massless neutrinos, 
                     U(1)B-L  explicitly broken by dim-5 LLHH operator
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Not explained within the SM

• Experimental facts

- Dark Matter

- Baryogenesis



-        heavier by                      

-        heavier by                      

-                           

Observed rich chemistry requires a delicate interplay among different SM parameters

Ex:

∼ 1(10)MeV

me>mn−md = 1.29MeV
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Not explained within the SM

• Experimental facts

- Dark Matter

- Baryogenesis

• Suggestive hints

- Fermion fields fill GUT multiplets + Gauge coupling unification

- We live in a very special point in parameter space

∼ 1(10)MeV

free (bound) protons unstable

deuterium (bound neutrons) unstable

hydrogen unstable

[for a review see  Donoghue, arXiv:1601.05136]

mu

md



In this talk:  assume     charged under

Postulate new gauge symmetry         (hyper color) with new fermions 
in a representation r(ψ)

GHC ψ

4

Going beyond the SM

• Enlarge gauge dynamics to explain missing experimental facts 
but maintain the SM paradigm  

Request: unification of SM gauge couplings must not be spoiled by new physics

ψ GSM



In this talk:  assume     charged under

Theories can be classified according to whether        is real or 
complex under 

vector-like:            ,      complex

Postulate new gauge symmetry         (hyper color) with new fermions 
in a representation r(ψ)

�
r+r̄ r

GHC

GHC ×GSM

ψ

4

Going beyond the SM

• Enlarge gauge dynamics to explain missing experimental facts 
but maintain the SM paradigm  

Request: unification of SM gauge couplings must not be spoiled by new physics

r(ψ)☞

In this talk:

real = strictly real

pseudo-real

ψ GSM



ii)  Hyper fermion condensate necessarily breaks 

• Class I:   (        real,                     complex)

GSM

�ψψ� ∼ 1HC ΣSM
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i)   Hyper fermions naturally light

GHC GHC ×GSM

Technicolor



ii)  Hyper fermion condensate necessarily breaks 

• Class I:   (        real,                     complex)

GSM

Λconf � ΛEW

Λconf � ΛEW

�ψψ� ∼ 1HC ΣSM
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i)   Hyper fermions naturally light

GHC GHC ×GSM

Technicolor

Two possibilities:

or

Standard TC Susskind PRD 20 (1979) 2619
Weinberg PRD 13 (1976) 974, 
                PRD 19 (1979) 1277

Strong dynamics main source of EWSB

Severely constrained by EW precision tests

Similar in spirit to Bosonic Technicolor

Similar in spirit to ‘Bosonic Technicolor’ by Samuel, Dine, and Kagan

See also ‘Superconformal Technicolor’ by:
Azatov, Galloway, Luty  PRL 108 (2012) 041802



�ψψ� ∼ ΣHC ΣSM
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• Class II:   (        complex,         real)GHC GSM

ii)  Hyper fermion condensate necessarily breaks         (but it may preserve         )

i)   Hyper fermions naturally light

GHC GSM



get mass and decouple,                 theory confines

�ψψ� ∼ ΣHC ΣSM

SU(5)HCψ = 5̄ + 10

�10 10�, �10 5̄� SU(5)HC → SU(4)HC

4, 4̄, 6 SU(4)HC

5̄ = 4̄ + 1, 10 = 6 (real) + 4
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• Class II:   (        complex,         real)GHC GSM

ii)  Hyper fermion condensate necessarily breaks         (but it may preserve         )

i)   Hyper fermions naturally light

GHC GSM

Presumably theory ‘tumbles’ to another gauge theory and eventually confines

No fully controlled lattice simulations available for complex (i.e. chiral) gauge theories
IR behavior of this class of theories not rigorously known yet

[ Raby, Dimopoulos, Susskind NPB 169 (1980) 373 ]

Example:

[ Georgi NPB 156 (1979) 126 ]
of

condensates                          break



ii)  Hyper fermion condensate in general breaks              and may preserve         G→H
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• Class III:   (                    real)GHC ×GSM

i)   Hyper fermion masses allowed and technically natural, but not explained by theory

GSM



Example:   

ii)  Hyper fermion condensate in general breaks              and may preserve         G→H

G ⊃ GSM

H �⊃ GSM

SU(N)HC SU(2)L U(1)Y

adj SU(2) → SO(2) �⊃ GSM
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• Class III:   (                    real)GHC ×GSM

i)   Hyper fermion masses allowed and technically natural, but not explained by theory

GSM

Two possibilities:

1. Condensate necessarily breaks GSM Technicolor

Dynamical breaking

ψ 2 0



Example:   

ii)  Hyper fermion condensate in general breaks              and may preserve         G→H

G ⊃ GSM

H �⊃ GSM

G → H ⊃ GSM

SU(N)HC SU(2)L U(1)Y

adj SU(2) → SO(2) �⊃ GSM
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• Class III:   (                    real)GHC ×GSM

i)   Hyper fermion masses allowed and technically natural, but not explained by theory

GSM

Two possibilities:

1. Condensate necessarily breaks GSM Technicolor

2.

Dynamical breaking

ψ 2 0

Vacuum alignment depends on weaker 
external interactions which can lift the 
degeneracy and trigger EWSB

θ
θ = 0 no EWSB

vacuu
m



ψ

ψ̃1

ψ̃2

� 2

+1/2

−1/2

1

0
SU(4) → Sp(4) ⊃ SU(2)L × U(1)Y

SU(2)HC SU(2)L U(1)Y

NGBs = 21/2 + 10

f
2
���∂µ eiπ/f

���
2
= |DµH|2 + cH

2f2

�
∂µ(H

†
H)

�2
+ . . .

δg/g ∼ O
�
v
2
/f

2
�

δO/O ∼ O
�
v
2
/f

2
�
× δO/O|TC
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Possibility #1:

- G/H contains an SU(2)L doublet (composite Higgs)

- vacuum misalignment from fermion interactions

Composite Higgs Theories [ Georgi and Kaplan `80 ]

Example:

�

� 1

[ Luty, JHEP 0904 (2009) 050]
Global symmetry breaking:

Predictions: i)   Modified Higgs couplings

ii)  Suppressed corrections to EWPO



L

Lc

N

N c

�̄

SU(3)L×SU(3)R×U(1)V → SU(3)V ×U(1)V

⊃ SU(2)L×U(1)Y
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Possibility #2:

- G/H contains an SU(2)L doublet (composite Higgs)

- vacuum misalignment from mixing with an elementary Higgs

Partial Higgs compositeness Georgi and Kaplan, Phys. Lett. 136B (1984) 183
Antipin and Redi, JHEP 1512 (2015) 031 
Agugliaro et al. PRD 95 (2017) 035019
Galloway, Kagan, Martin PRD 95 (2017) 035038

Example:

[ Antipin and Redi,    
JHEP 1512 (2015) 031]

SU(N)HC SU(2)L U(1)Y

� 2 +1/2

�̄

�
2 −1/2

1

0

0

1

Dynamical breaking from condensate :



L

Lc

N

N c

�̄

SU(3)L×SU(3)R×U(1)V → SU(3)V ×U(1)V

⊃ SU(2)L×U(1)Y

�
m2

φ yfΛ
yfΛ m2

H

��
φ
H

�
(φ H)

det(M2) < 0 m2
φ < m2

crit =
y2f2Λ2

m2
H

∼ 16π2f2 y
2

g2

y LHN
c

m2
H ∼ g2

16π2
Λ2

9

Possibility #2:

- G/H contains an SU(2)L doublet (composite Higgs)

- vacuum misalignment from mixing with an elementary Higgs

Partial Higgs compositeness Georgi and Kaplan, Phys. Lett. 136B (1984) 183
Antipin and Redi, JHEP 1512 (2015) 031 
Agugliaro et al. PRD 95 (2017) 035019
Galloway, Kagan, Martin PRD 95 (2017) 035038

Example:

[ Antipin and Redi,    
JHEP 1512 (2015) 031]

SU(N)HC SU(2)L U(1)Y

� 2 +1/2

�̄

�
2 −1/2

1

0

0

1

Dynamical breaking from condensate :

Induced EWSB: for

from Yukawas

from radiative corrections



Λ

mH

mcrit∼�mHmh
mW

�

� ∼ yfΛ

m2
H

T̂ ∼ v2

f2
�4 Ŝ ∼ m2

W

m2
ρ

�2
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Possibility #2: Partial Higgs compositeness

1 loop

Energy cartoonHiggs compositeness controlled by the mixing

Corrections to EWPO suppressed for small mixing:

[ Antipin and Redi, JHEP 1512 (2015) 031 ]

See talk by Redi on Thursday☞

- G/H contains an SU(2)L doublet (composite Higgs)

- vacuum misalignment from mixing with an elementary Higgs

Georgi and Kaplan, Phys. Lett. 136B (1984) 183
Antipin and Redi, JHEP 1512 (2015) 031 
Agugliaro et al. PRD 95 (2017) 035019
Galloway, Kagan, Martin PRD 95 (2017) 035038
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Possibility #3:

- no vacuum misalignment (ex: no Yukawas allowed)

- Elementary Higgs

‘Vector-like’ confinement [ see for ex:  Kilic, Okui, Sundrum,  JHEP 1002 (2010) 018 ]

• No large corrections to EWPT

• Scale of fermion masses arbitrary and not explained

[ See for ex:  Antipin, Redi, Strumia, Vigiani, JHEP 1507 (2015) 039
Kribs and Neil, Int.J.Mod.Phys. A31 (2016) no.22, 1643004  ]

• Strong dynamics can lead to an accidentally stable DM candidate

Theory could be the low-energy limit of one with complex representations (like QCD)

Many models considered in the literature, rich and diverse IR phenomenology

See talks on Thursday☞



The beta-function of         has a 
Banks-Zaks perturbative fixed point

SU(3)HC SU(2)L U(1)Y

adjV

N1

N2

3
β(g)

g
g∗

g∗ = 4π

�
−b0
b1

= 1.07 b0 = −1

b1 = 138

−1.5×10−3

12

Example of a theory real under                     with an IR fixed pointGHC ×GSM

R.C., Mitridate, Podo, Redi,  work in progress

1

0

1

adj

adj

0

0

GHC

Branch II

Branch I



In Branch II:    upper limit on     to avoid Landau pole below

Hierarchy between       and    is fixed

The beta-function of         has a 
Banks-Zaks perturbative fixed point

SU(3)HC SU(2)L U(1)Y

adjV

N1

N2

3
β(g)

g
g∗

g∗ = 4π

�
−b0
b1

= 1.07 b0 = −1

b1 = 138

−1.5×10−3

MQ

Λ MQ

Λ/MQ � 10−3

Λ MPl12

Example of a theory real under                     with an IR fixed pointGHC ×GSM

R.C., Mitridate, Podo, Redi,  work in progress

1

0

1

adj

adj

0

0

GHC

Branch II

Branch I

Energy

Theory slowly evolves until one reaches 
the scale of fermion masses below which 
it becomes a pure YM confining theory

Λ☞

In Branch I:

[ cf. Mitridate et al. arxXiv:1707.05380 ]



ZV
2 : V → −V

ZN1
2 : N1 → −N1

ZN2
2 : N2 → −N2

13

• Accidental symmetries:    three matter parities



ZV
2 : V → −V

ZN1
2 : N1 → −N1

ZN2
2 : N2 → −N2

Φ χ ∼ ψg

ψψ ψψψ

13

• Accidental symmetries:    three matter parities

• Low-energy spectrum: Even                         Odd

glueball gluequark

‘meson’

. .
 .

. .
 .

DM candidate



ZV
2 : V → −V

ZN1
2 : N1 → −N1

ZN2
2 : N2 → −N2

Φ χ ∼ ψg

ψψ ψψψ

1

Λ2
UV

Gµνσ
µν
V

i
Hσi

LL
1

Λ2
UV

GµνNHLL

1

M4
Q

G2
µνW

2
αβ
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• Accidental symmetries:    three matter parities

• Low-energy spectrum: Even                         Odd

glueball gluequark

‘meson’

. .
 .

. .
 .

• Effect of higher-dimensional operators:

- gluequarks decay through dim-6 operators   

DM candidate

30 CHAPTER 4. MODELS WITH AN INFRARED FIXED POINT

For the triplet V , the lowest dimensional operator that satisfies these conditions is:514

1

Λ2
UV

Hσ
i
LLσ

µν
ViGµν

where H is the Higgs doublet and LL is the left-handed lepton doublet and σ
i
are the515

Pauli matrices (with electroweak indices).516

Similarly, for the singlets N1 and N2, the lowest dimensional operator built using only517

Standard Model fields is:518

1

Λ2
UV

HLLσ
µν
N1Gµν ,

1

Λ2
UV

HLLσ
µν
N2Gµν

These operators have dimension 6 and are suppressed by two powers of Λ2
UV. They induce519

the decay of the gluequark ??? , for example χ1 → Φ νL, with an estimated width of order:520

Γχ ∼ 1

4π

v
2

Λ4
UV

M
3
Q ∼ 10−50

�
MQ

TeV

�3�1015 GeV

ΛUV

�4

TeV

where v ≈ 174GeV is the Higgs vacuum expectation value. In order to have a cosmo-521

logically stable candidate, we should compare its lifetime with the age of the universe522

τuniv ≈ 1017 s. This translates into the requirement Γχ < 10−44
TeV. For dark quarks of523

mass MQ ∼ TeV and cut-off ΛUV = MGUT ≈ 1015 GeV or higher, the bound is satisfied.524

We point out that these operators can also generate neutrino masses through so called525

type 1 see-saw (singlet) and type 3 see-saw (triplet). Indeed, the composite states χ1526

and χ2 have the right quantum numbers to play the role of "right-handed neutrinos"527

(fermionic singlets), while χV is the fermionic triplet of the type 3 see-saw.528

Estimate neutrino masses doing the matching ???529

Feynman diagrams of see-saw ???530

4.3.2 Model with two doublets and a singlet under SU(2)EW531

Let us consider now a model in which the four adjoint Weyl fermions transform as two532

electroweak doublets, with hypercharges ±1
2 , and the fifth is a Standard Model singlet.533

As before, schematically:534

Gauge group : SU(3)DC × SU(3)c × SU(2)EW × U(1)Y

Fields : (adj; 1, 2)− 1
2
+ (adj; 1, 2) 1

2
+ (adj; 1, 1)0

We denote the two doublets as L1, L2 and the singlet as N . We will refer to this model as535

the LLN model.536

The new fields contribute to the Standard Model β function: ∆b = ???537

cosmologically stable

- glueballs decay through dim-8 operators   
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MGUTLandau pole below
2nd branch

1st branch
(asympt. freedom)

too slow glueball decay

stable glueballs
(excluded by BBN)

non-perturbative

Preliminary results



14

MGUTLandau pole below
2nd branch

1st branch
(asympt. freedom)

too slow glueball decay

stable glueballs
(excluded by BBN)

non-perturbative

Preliminary results

on this curve gluequarks give 
correct abundance of DM
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Higgs Compositeness facing data:   what we have learned from LHC Run2
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Higgs Compositeness facing data:   what we have learned from LHC Run2

• Progress on Higgs properties from Run2 is more qualitative than quantitative



Coupling of Higgs to fermions measured 
directly (                  )

15

Higgs Compositeness facing data:   what we have learned from LHC Run2

• Progress on Higgs properties from Run2 is more qualitative than quantitative

☞
h → bb, ττ

=125 GeVH for mbb
VH
µBest fit 

1! 0 1 2 3 4 5 6 7 8

Comb.

ZH  

WH  

0.36!
+0.421.20    , 0.23!

+0.24                                0.28!
+0.34                                                 (                 )         

0.45!
+0.501.12    , 0.33!

+0.34                                0.30!
+0.37                                                 (                 )         

0.59!
+0.681.35    , 0.38!

+0.40                                0.45!
+0.55                                                 (                 )         

( Tot. ) ( Stat., Syst. )
Total Stat.

ATLAS VH, H(bb) -1=13 TeV, 36.1 fbs



Coupling of Higgs to fermions measured 
directly (                  )
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Higgs Compositeness facing data:   what we have learned from LHC Run2

• Progress on Higgs properties from Run2 is more qualitative than quantitative

☞
h → bb, ττ

=125 GeVH for mbb
VH
µBest fit 

1! 0 1 2 3 4 5 6 7 8

Comb.

ZH  

WH  

0.36!
+0.421.20    , 0.23!

+0.24                                0.28!
+0.34                                                 (                 )         

0.45!
+0.501.12    , 0.33!

+0.34                                0.30!
+0.37                                                 (                 )         

0.59!
+0.681.35    , 0.38!

+0.40                                0.45!
+0.55                                                 (                 )         

( Tot. ) ( Stat., Syst. )
Total Stat.

ATLAS VH, H(bb) -1=13 TeV, 36.1 fbs

In general, couplings still constrained 
at the ~20% level

☞

V!
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

f
!

0.5

1

1.5

2

2.5
 PreliminaryATLAS

-1 = 13 TeV, 36.1 fbs

4l"ZZ*"H and ##"H

 = 125.09 GeVHm

SM prediction
Best fit
Combined 68% CL
Combined 95% CL

 68% CL##"H
 68% CL4l"ZZ*"H



mh

4πv/
�

δci ≈ 7TeV

16

How far can can we extrapolate our theory

MPl



With current knowledge of the Higgs couplings 
(              ) we can extrapolate so much

mh

4πv/
�

δci ≈ 7TeV

δci � 0.2
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How far can can we extrapolate our theory

MPl



At the SM point (          ) we can 
extrapolate up to 

With current knowledge of the Higgs couplings 
(              ) we can extrapolate so much

mh

ci=1
E ∼ MPl

4πv/
�

δci ≈ 7TeV

δci � 0.2

16

How far can can we extrapolate our theory

logE

dλ4

d logE
=

βλ

16π2
λ2
4 +

βt

16π2
y4t = β(λ4, yt)

Residual          dependence of gauge 
couplings and Higgs trilinear coupling

MPl
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How far can can we extrapolate our theory

logE

dλ4

d logE
=

βλ

16π2
λ2
4 +

βt

16π2
y4t = β(λ4, yt)

βλ>0

Residual          dependence of gauge 
couplings and Higgs trilinear coupling

MPl
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How far can can we extrapolate our theory

Extrapolate the SM up 
to very high energies 

! Higgs mass 

"Top quark mass 

! 

V =
"
4
h2 # v 2( )2

V

h!•  Quantum tunneling 
•  Thermal tunneling  

102 104 106 108 1010 1012 1014 1016 1018 1020

�0.04

�0.02

0.00

0.02

0.04

0.06

0.08

0.10

RGE scale Μ in GeV

H
ig

gs
qu

ar
tic

co
up

lin
g
Λ�Μ�

Mh � 125.66 GeV
3Σ bands in

Mt � 173.36 � 0.66 GeV
Αs�MZ� � 0.1184 � 0.0007

Mt � 171.4 GeV

Αs�MZ� � 0.1163

Αs�MZ� � 0.1205

Mt � 175.3 GeV

Strumia et al.!
from: G. Degrassi et al.  JHEP 1208 (2012) 098

logE

dλ4

d logE
=

βλ

16π2
λ2
4 +

βt

16π2
y4t = β(λ4, yt)

βt<0βλ>0

Residual          dependence of gauge 
couplings and Higgs trilinear coupling

mh = 125GeVFor                                      remains weak

MPl
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• On-shell single-Higgs production and decay give 
information at fixed scale             and constrain 
indirectly the strength of new dynamics

• 2→2 scattering processes probe directly the strength of SSB 
dynamics at energies

Q = mh

E � mh
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Future directions:  probing directly strong dynamics through 2→2 scatterings

E � mh

V V → V V

gg → HH

Examples: - qq̄ → WV (TGC) +HV (V = W,Z)

- Vector boson scattering

- Double Higgs production

Sensitivity to NP maximized at large 
energy (tails of distributions)

- H+jet associated production

. .
 .

challenge for EFT validity☞

δA
A ∼ g2∗

g2SM

E2

Λ2

δc

c
∼ g2∗

g2SM

m2
h

Λ2
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• First (quantitative) results in this direction have arrived from LHC Run2

Example:  Higgs transverse momentum in
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Future directions:  measuring the Higgs trilinear coupling

• Higgs self-interaction is the last elusive coupling to be measured, 
and could be our ‘portal’ to strong dynamics

shifts of O(1) in     still possible with underlying strong dynamics 
compatibly with small deviations in other couplings

Ex: λ3

see for ex:   Azatov, R.C., Panico, Son,  PRD92 (2015) 035001



∆λ3/λ3

pp → hh → γγbb
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Future directions:  measuring the Higgs trilinear coupling

• Higgs self-interaction is the last elusive coupling to be measured, 
and could be our ‘portal’ to strong dynamics

shifts of O(1) in     still possible with underlying strong dynamics 
compatibly with small deviations in other couplings

Ex: λ3

see for ex:   Azatov, R.C., Panico, Son,  PRD92 (2015) 035001

• Ultimate measurement of Higgs trilinear will require future machines

∆S = 0.00 ∆S = 0.01 ∆S = 0.015 ∆S = 0.02 ∆S = 0.025

rB = 0.5 2.7% 3.4% 4.1% 4.9% 5.8%

rB = 1.0 3.4% 3.9% 4.6% 5.3% 6.1%

rB = 1.5 3.9% 4.4% 5.0% 5.7% 6.4%

rB = 2.0 4.4% 4.8% 5.4% 6.0% 6.8%

rB = 3.0 5.2% 5.6% 6.0% 6.6% 7.3%

Table 30: Impact of the systematic uncertainties on the precision on the trilinear Higgs coupling. The precision on
λ3 is shown for different values of the systematic uncertainty on the signal, ∆S , and of the rescaling factor for the
total background rate rB . The “Medium” detector performance scenario and an integrated luminosity of 30 ab−1

have been assumed.

main limitation in the extraction of λ3. At present, as already discussed, the computation of the signal
has a ∼ 10% uncertainty due to the use of the infinite top mass approximation. It is highly probable that
finite-mass computations will become available in the near future. The remaining uncertainty from scale
variation at NNLL order is still ∼ 5%, while the pdf error is ∼ 3%. Without further improvements on
these two issues, the systematic uncertainty will be the main limiting factor in the determination of λ3

and the maximal precision would be limited to δλ3/λ3 ∼ 10%.

5.2.3 The HH → bb̄bb̄ channel
In the analysis of the bb̄γγ final state presented in the previous subsection, a large fraction of the double
Higgs production cross section was sacrificed in order to select a clean final state, for which the back-
ground levels can be easily kept under control. In this subsection a different strategy is considered which
makes use of the final state with the largest branching ratio, namely bb̄bb̄. The total cross section for
this final state is 580 fb at a hadronic 100 TeV collider, which is two order of magnitude larger than
the bb̄γγ one. The level of backgrounds one needs to cope with, however, is much larger thus severely
complicating the signal extraction.

One of the possible advantages of the bb̄bb̄ final state is the fact that it provides a reasonable
number of events in the tail at large invariant masses of the Higgs pair. This, in principle, allows one to
analyse the high-energy kinematic regime much better than other final states with smaller cross sections.
As we discussed before, the tail of the mhh distribution is not particularly sensitive to the change of the
trilinear Higgs coupling, which mostly affects the kinematic distribution at threshold. However it can be
more sensitive to other new-physics effects, such as deviations induced by dimension-6 and dimension-8
effective operators that induce a contact interaction between the Higgs and the gluons (see for instance
the discussion in Ref. [189]). The analysis of these effects, although interesting and worth studying
further, goes beyond the scope of the present report. In the following we will concentrate only on the
SM case and on the extraction of the Higgs trilinear coupling and we will discuss an analysis based on a
recent feasibility study at the 14 TeV LHC [218],9 with suitable modifications for the 100 TeV case.

5.2.3.1 Monte Carlo samples generation
Higgs pair production in the gluon-fusion channel is simulated at LO thorugh MadGraph5_aMC@NLO [134,
211] by using the recently developed functionalities for loop-induced processes [221]. The calculation
is performed in the nf = 4 scheme and the renormalization and factorization scales are taken to be
µF = µR = HT /2. The NNPDF 3.0 nf = 4 LO set [111] is adopted with αs(m2

Z) = 0.118, interfaced
via LHAPDF6 [124]. To achieve the correct higher-order value of the integrated cross-section, the LO
signal sample is rescaled to match the NNLO+NNLL inclusive calculation [202, 207]. Parton level

9Other studies of Higgs pair production in the same final state at the LHC can be found in Refs. [219, 220].
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systematic uncertainty on signal

background 
rescaling factor
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Conclusions

n Standard Model paradigm based on large energy gap and accidental 
symmetries has been surprisingly successful so far

n Maintaining its philosophy, even at the cost of renouncing to Naturalness  
could be the right strategy to go beyond the SM and account for unexplained 
experimental facts (DM, baryogenesis) and suggestive hints (ex: gauge 
coupling unification)

n Gauge theories characterized by simplicity in the UV and fascinating 
complexity in the IR.  Many models and variants have been constructed, yet 
many other interesting ones can be still be identified

n Besides EWSB, strong dynamics can play a key role also in the description of 
Dark Matter



Extra slides



500GeV

[L = 500 fb−1]

[L = 1ab−1]

[L = 1.5 ab−1]

[L = 2ab−1]

1TeV

1.4TeV

3TeV

∆c3 ∼ 104%

∆c3 ∼ 28%

∆c3 ∼ 24%

∆c3 ∼ 12%

∆c2V ∼ 20%

∆c2V ∼ 7%

∆c2V ∼ 3%
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