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From the micro to the macro Cosmos

Matter, antimatter and Super-matter

Symmetries and Super-symmetry (SUSY)

The vacuum and the DARK WORLD…

The whys and wherefores of SUSY

SUSY in the sky

SUSY on the ground 
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Matter content in the SM

(Glashow-Weinberg-Salam, 1967)



Matter and Antimatter in the Standard Model



From matter to anti-matter of different helicity



CP violation

T violation

CPT Theorem

Arrow of time
In the microcosmos!!

t   - tCP



CP Violation

Origin of matter

Matter and antimatter 
annihilate !!!

Baryogenesis Sakharov, 1967

e+

e-
LEP !!



(Shall we find New Physics?…Higgs? SUSY?, origin of the Univers?...)

>3x109 €

27 km

The real “Lord of the Rings”: the LHC Ring at CERN

4.3 km

14 TeV



175 m depth





Tunnel of the LHC



A typical collision event at the LHC

11.000 turns/s, 600 million collisions/s…



ATLAS detector at the LHC

Calorimeters…



Hadrons from quarks

q+anti-q q+q+q

mesons

Nucleons

baryons( HADRONS )

LHC Hadron collider 



Interactions e.m., weak and strong

(Yukawa, 1930)
Range:



Neutron decay

…of free neutrons!

Radioactivity: weak interactions

(Fermi 1934)



Neutral Weak+em interactions at LEP I and II

CERN  (SPS) 1983



Different types of weak interactions

Cabibbo flavor mixing matrix (1963)



Generalization: Cabibbo-Kobayashi-Maskawa matrix

Similar to Cabibbo’s, but 3x3…

+ complex phase!! CP violation !!

Kobayashi-Maskawa, 1972

Nobel Prize 2008 *
shared with Y. Nambu

* "for the discovery of the origin of the broken symmetry which predicts the existence of 
at least three families of quarks in nature".



…we can produce the top quark at hadron colliders

Tevatron + LHC:

…and also the Higgs boson from it:

Fermilab 1977+1995

Quarks bottom and top:



Interactions

Symmetries



SM





QED:

EW:

Precision Physics in the SM



First calculations in SUSY:

Precision Physics Beyond the SM

State of the art in SUSY:





Present and expected accuracy for precision observables

LHC



Hints from Higgs searches?...



Higgs mechanism

The vacuum is a Mexican hat!!...

x

Predicts a new particle: the Higgs boson

Symmetric point

Hidden !



Higgs mass and self-interactions



!!







A favorite option: Supersymmetry (SUSY)



What is SUSY?

(GUT+gravity!)

Wess and Zumino (1974)Golfand and Likhtman (1971)
Volkov and Akulov (1973)



Super-particles and  Super-Lagrangians





!!



Weak versus mass eigenstates



SUSY and the Hierarchy Problem

LHC !!?



MSSM:



Higgs bosons and Higgsinos



Balance of (real) d.o.f.’s



Signature of the MSSM



Higgs boson production at the LHC in the MSSM





Fitting the data: SM versus MSSM 





… next time!!


