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The SM and Beyond
The problems of the SM:

Inconsistency at high energies due to Landau pole 
 Formal unification of strong and electroweak interactions 
 CP-violation is not understood (strong CP-violation?) 
 The origin of the mass spectrum is unclear 
 Flavour mixing and the number of generations is arbitrary 
 Instability of the EW vacuum 
Absence of feasible DM particle, Baryo- and Lepto-Genesis
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The Higgs boson (still problem #1) 

• Quantum numbers, mass/coupling ratio 
• Second light Higgs boson 
• Heavy neutral Higgs boson 
• Heavy charged Higgs boson

The task of vital importance.  
May require the electron-positron collider

The Higgs boson

Is it the SM Higgs boson or not?
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■ Low Energy Supersymmetry 
■ Extra gauge bosons 
■ Free quarks 
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■ Violation of Baryon number 
■ Violation of Lepton number 
■ Violation of Lorentz invariance 
■ Extra dimensions  
■ Modification of Newton law 
■ GUTs 
■ String/Brane World 
■ Compositeness



5

Physics beyond the SM
■ Low Energy Supersymmetry 
■ Extra gauge bosons 
■ Free quarks 
■ Axions 
■ Monopoles 
■ Violation of Baryon number 
■ Violation of Lepton number 
■ Violation of Lorentz invariance 
■ Extra dimensions  
■ Modification of Newton law 
■ GUTs 
■ String/Brane World 
■ Compositeness

Not found so far …
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GUT

Unification paradigm

• Unification of strong, weak and electromagnetic 
interactions within Grand Unified Theories is a new step in 
unification of all forces of Nature 

• Creation of a unified theory of everything based on string 
paradigm seems to be possibleD=10

10     cm
-34
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• Unification of the gauge couplings  
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Experiment: 
mean life time >                   years1031 � 1033
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings
The basis of a grand 

Unified Theory
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

Cancellations of 
corrections and 

stabilization of the 
Higgs potential
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation

Violation of symmetry comes from radiative corrections
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation

 Provided the DM particle

   χ
! 0

= N1γ
" + N2 z" + N3 H!1

0
+ N4 H! 2

0

Neutralino

8

Motivation for SUSY in particles physics



 Unification with gravity!

Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation

 Provided the DM particle

{ , } 2 ( )    { , } 2( )

( )  local coordinate transf.  (super)gravity

ji ijQ Q P P

x

µ µ
α µ ε ε µβ αβδ σ δ δ εσ ε

ε ε

= ⇒ =

= ⇒
! !

Local supersymmetry =  general relativity ! 

8

Motivation for SUSY in particles physics
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SUSY Models and Signatures T.Hebbeker

might be light

Mirage unification
decay inside detector
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SUSY Models and Signatures T.Hebbeker

might be light

Mirage unification
decay inside detector

 

NMSSM=MSSM+Singlet 3 light Higgses around 125 GeV 
Heavy Higgs decay H->h1h2

9
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Energy is more important than luminosity
10

LHC reach at 7 and 14 TeV



Energy is more important than luminosity
10

LHC reach at 7 and 14 TeV

Next run of the LHC will be crucial 
for low energy SUSY construction
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Predictions 
J.Bagger @ SUSY 2000 CERN
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String Theory

Heterotic string

gravity + gauge kinetic terms [47]
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String Theory

Higgs from untwisted sector => gauge-Higgs unification

λtop = gGUT => mtop ∼ IR fixed point ≃ 170 GeV

Yukawa couplings: hierarchies à le Froggatt-Nielsen

discrete symmetries => couplings allowed with powers of a singlet field

λn ∼ Φn ⟨Φ⟩ ∼ 0.1Ms → hierarchies

A single anomalous U(1) => ⟨Φ⟩ ≠ 0 to cancel the FI D-term

D-term is shifted to D+ TrQ
192π2 g

2
H [65]

R-neutrinos: natural framework for see-saw mechanism

⟨h⟩νLνR +MνRνR ⟨h⟩ = v << M => mR ∼ M ; mL ∼ v2/M

proton decay: problematic dim-5 operators

in general need suppression higher than Ms or small couplings

SUSY/ in a hidden sector from the other E8 → gravity mediation
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Extra space-time dimensions
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E.Pontón

Extra space-time dimensions

XDim

Model

Universe

?

ADD

{

- Very large XDim accesible only to gravity

- Requires two or more XDim

- Black holes at colliders?

UEDʼs

⎧

⎪

⎨

⎪

⎩

- TeV scale XDim (several hundred GeV?)

- Pair production,✚ET (SUSY-like)

- Interesting DM candidate (non SUSY-like)

- Additional nice features in 6D

RS1

Narrow spin-2
resonances?

New warped models

⎧

⎪

⎨

⎪

⎩

- Field localization

- Theories of flavor?

- KK resonances at few TeV

- Relatively broad resonances

Higgsless

Composite

Higgs

GHU Condensation ...

Soft-wall

models
?

negligible

curvature

significant

curvature

Some

bulk fields

All bulk

fields

Bulk gravity only

Many bulk

fields

Dynamical

EWSB

Figure 4: A guide to representative extra-dimensional scenarios (not intended to be complete!).
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Phenomenology of extra D

Accelerator signatures

• Gravitational radiation in the bulk => 
missing energy  

Present LHC bounds                  TeV 
• Massive string vibrations => 

resonances in dijet distribution 

• Higher spin excitations of quarks and 
gluons with strong interaction 

present LHC limits               TeV 
• Large TeV dimensions => KK 

resonances of SM gauge bosons 

experimental limits 
                               TeV

M⇤ � 3� 5

M2
j = M2

0 +M2
s j

Ms � 5

Mk = M2
0 + r2/R2, k = 1, 2, ...

R�1 � 0.5� 4
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■ New particles – right neutrino  
                       - axion (axino) 
                       - neutralino 
                       - sneutrino 
                       - gravitino 
                       - heavy photon 
                       - heavy pseudo-goldstone 
                       - light sterile higgs

mSUGRA

Not from the SM

not favorable but possible

might be invisible (?)

detectable in 3 spheres

less theory favorable

might be undetectable (?)

possible, but not 
related to the 
other models



19

P. Sphicas 
Experimental highlights 

Dark Matter at the LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 35 

R. Kolb 
CERN Acad. Lectures 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

Search for the Dark Matter



19

P. Sphicas 
Experimental highlights 

Dark Matter at the LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 35 

R. Kolb 
CERN Acad. Lectures 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

Annihilation in 
halo

Search for the Dark Matter



19

P. Sphicas 
Experimental highlights 

Dark Matter at the LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 35 

R. Kolb 
CERN Acad. Lectures 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

P. Sphicas 
Experimental highlights 

Dark Matter: “bright” future ahead 

Mar 09, 2013 
Rencontres de Moriond, EWK session 37 

Phonon detection: 
resolution reaches 
low mass regions 

Paolo Beltrame 
Nader Mirabolfathi 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

Annihilation in 
halo

Scattering 
on a target

Search for the Dark Matter



19

P. Sphicas 
Experimental highlights 

Dark Matter at the LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 35 

R. Kolb 
CERN Acad. Lectures 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

P. Sphicas 
Experimental highlights 

Dark matter searches += LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 36 

P. Sphicas 
Experimental highlights 

Dark Matter: “bright” future ahead 

Mar 09, 2013 
Rencontres de Moriond, EWK session 37 

Phonon detection: 
resolution reaches 
low mass regions 

Paolo Beltrame 
Nader Mirabolfathi 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

Search for the Dark Matter



19

P. Sphicas 
Experimental highlights 

Dark Matter at the LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 35 

R. Kolb 
CERN Acad. Lectures 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

P. Sphicas 
Experimental highlights 

Dark matter searches += LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 36 

P. Sphicas 
Experimental highlights 

Dark Matter: “bright” future ahead 

Mar 09, 2013 
Rencontres de Moriond, EWK session 37 

Phonon detection: 
resolution reaches 
low mass regions 

Paolo Beltrame 
Nader Mirabolfathi 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

The signal in absent so far!

Search for the Dark Matter



19

P. Sphicas 
Experimental highlights 

Dark Matter at the LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 35 

R. Kolb 
CERN Acad. Lectures 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

P. Sphicas 
Experimental highlights 

Dark matter searches += LHC 

Mar 09, 2013 
Rencontres de Moriond, EWK session 36 

P. Sphicas 
Experimental highlights 

Dark Matter: “bright” future ahead 

Mar 09, 2013 
Rencontres de Moriond, EWK session 37 

Phonon detection: 
resolution reaches 
low mass regions 

Paolo Beltrame 
Nader Mirabolfathi 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

P. Sphicas 
Experimental highlights 

Reasons to attend the AMS talk: 
experimental input 

Mar 09, 2013 
Rencontres de Moriond, EWK session 28 

No fresh source of anti-p! 

The electron bump?  No bump in Fermi / PAMELA data 

A confirmed positron “excess” 

Bruna Bertucci 

Annihilation in 
halo

Scattering 
on a target

Creation at 
the LHC

The signal in absent so far!

Search for the Dark Matter

WIM
P



20Sh. Rahatlou 272

Z’SSM ll
Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM ll (fbb=0.2)

G, dijet
G, ttbar, hadronic

G jet+MET k/M = 0.2
G γγ k/M = 0.1

G, Z(ll)Z(qq), k/M=0.1
W’ lν

W’ dijet
W’ → td

W’→ WZ(leptonic)
WR’ → tb

WR, MNR=MWR/2
WKK μ = 10 TeV

ρTC, πTC > 700 GeV
String Resonances (qg)

s8 Resonance (gg)
s8 Resonance (gg/bb), fbb=1

E6 diquarks (qq)
Axigluon/Coloron (qqbar)

gluino, 3jet, RPV

0 1 2 3 4 5 6

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-ρ=1.2 TeV

fractional charge, q=2/3e
fractional charge, q=1/3e

multiple charge, q=2e
multiple charge, q=3e

neutralino, ctau=25cm, ECAL time

0 1 2 3 4 5 6

LQ1, β=0.5
LQ1, β=1.0
LQ2, β=0.5
LQ2, β=1.0

LQ3, (bbnunu) Br(LQ → bντ) = 1
LQ3, (btau) β=1.0

stop (btau)

0 1 2 3 4 5 6

q* (qg), dijet
q* (qW)
q* (qZ) 

q* , dijet pair
q* , boosted Z

e*, Λ = 2 TeV
μ*, Λ = 2 TeV

0 1 2 3 4 5 6

Resonances

Compositeness

Long
Lived

LeptoQuarks

C.I. Λ , Χ analysis, Λ+ LL/RR

C.I. Λ , Χ analysis, Λ- LL/RR

C.I., dimuon, destructve LLIM

C.I., dimuon, constructive LLIM

C.I., single lepton (HnCM)

0 3 6 9 12 15

Contact
Interaction

MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis

MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

0 1 2 3 4 5 6

b’ ⇒ tW, (3l, 2l) + b-jet
q’, b’/t’ degenerate, Vtb=1

b’ ⇒ tW, l+jets
B’ ⇒ bZ (100%)
T’ ⇒ tZ (100%)

t’ ⇒ bW (100%), l+jets
t’ ⇒ bW (100%), l+l

0 1 2 3 4 5 6

4th
Generation

Black
Holes

CMS EXOTICA
95% CL EXCLUSION LIMITS

New particles and Interactions



20Sh. Rahatlou 272

Z’SSM ll
Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM ll (fbb=0.2)

G, dijet
G, ttbar, hadronic

G jet+MET k/M = 0.2
G γγ k/M = 0.1

G, Z(ll)Z(qq), k/M=0.1
W’ lν

W’ dijet
W’ → td

W’→ WZ(leptonic)
WR’ → tb

WR, MNR=MWR/2
WKK μ = 10 TeV

ρTC, πTC > 700 GeV
String Resonances (qg)

s8 Resonance (gg)
s8 Resonance (gg/bb), fbb=1

E6 diquarks (qq)
Axigluon/Coloron (qqbar)

gluino, 3jet, RPV

0 1 2 3 4 5 6

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-ρ=1.2 TeV

fractional charge, q=2/3e
fractional charge, q=1/3e

multiple charge, q=2e
multiple charge, q=3e

neutralino, ctau=25cm, ECAL time

0 1 2 3 4 5 6

LQ1, β=0.5
LQ1, β=1.0
LQ2, β=0.5
LQ2, β=1.0

LQ3, (bbnunu) Br(LQ → bντ) = 1
LQ3, (btau) β=1.0

stop (btau)

0 1 2 3 4 5 6

q* (qg), dijet
q* (qW)
q* (qZ) 

q* , dijet pair
q* , boosted Z

e*, Λ = 2 TeV
μ*, Λ = 2 TeV

0 1 2 3 4 5 6

Resonances

Compositeness

Long
Lived

LeptoQuarks

C.I. Λ , Χ analysis, Λ+ LL/RR

C.I. Λ , Χ analysis, Λ- LL/RR

C.I., dimuon, destructve LLIM

C.I., dimuon, constructive LLIM

C.I., single lepton (HnCM)

0 3 6 9 12 15

Contact
Interaction

MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis

MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

0 1 2 3 4 5 6

b’ ⇒ tW, (3l, 2l) + b-jet
q’, b’/t’ degenerate, Vtb=1

b’ ⇒ tW, l+jets
B’ ⇒ bZ (100%)
T’ ⇒ tZ (100%)

t’ ⇒ bW (100%), l+jets
t’ ⇒ bW (100%), l+l

0 1 2 3 4 5 6

4th
Generation

Black
Holes

CMS EXOTICA
95% CL EXCLUSION LIMITS

Looked for everyth
ing - f

ound nothing!

New particles and Interactions



20Sh. Rahatlou 272

Z’SSM ll
Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’SSM ll (fbb=0.2)

G, dijet
G, ttbar, hadronic

G jet+MET k/M = 0.2
G γγ k/M = 0.1

G, Z(ll)Z(qq), k/M=0.1
W’ lν

W’ dijet
W’ → td

W’→ WZ(leptonic)
WR’ → tb

WR, MNR=MWR/2
WKK μ = 10 TeV

ρTC, πTC > 700 GeV
String Resonances (qg)

s8 Resonance (gg)
s8 Resonance (gg/bb), fbb=1

E6 diquarks (qq)
Axigluon/Coloron (qqbar)

gluino, 3jet, RPV

0 1 2 3 4 5 6

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-ρ=1.2 TeV

fractional charge, q=2/3e
fractional charge, q=1/3e

multiple charge, q=2e
multiple charge, q=3e

neutralino, ctau=25cm, ECAL time

0 1 2 3 4 5 6

LQ1, β=0.5
LQ1, β=1.0
LQ2, β=0.5
LQ2, β=1.0

LQ3, (bbnunu) Br(LQ → bντ) = 1
LQ3, (btau) β=1.0

stop (btau)

0 1 2 3 4 5 6

q* (qg), dijet
q* (qW)
q* (qZ) 

q* , dijet pair
q* , boosted Z

e*, Λ = 2 TeV
μ*, Λ = 2 TeV

0 1 2 3 4 5 6

Resonances

Compositeness

Long
Lived

LeptoQuarks

C.I. Λ , Χ analysis, Λ+ LL/RR

C.I. Λ , Χ analysis, Λ- LL/RR

C.I., dimuon, destructve LLIM

C.I., dimuon, constructive LLIM

C.I., single lepton (HnCM)

0 3 6 9 12 15

Contact
Interaction

MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis

MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

0 1 2 3 4 5 6

b’ ⇒ tW, (3l, 2l) + b-jet
q’, b’/t’ degenerate, Vtb=1

b’ ⇒ tW, l+jets
B’ ⇒ bZ (100%)
T’ ⇒ tZ (100%)

t’ ⇒ bW (100%), l+jets
t’ ⇒ bW (100%), l+l

0 1 2 3 4 5 6

4th
Generation

Black
Holes

CMS EXOTICA
95% CL EXCLUSION LIMITS

Looked for everyth
ing - f

ound nothing!

1 TeV = 10    cm - is the edge of mystery!-17

New particles and Interactions



21

Forward into the Future



21

We live in exciting time and have a chance to unveil 
the mystery!

Forward into the Future



21

Luck

We live in exciting time and have a chance to unveil 
the mystery!

Forward into the Future



Patience

21

Luck

We live in exciting time and have a chance to unveil 
the mystery!

Forward into the Future


