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ingredients

Com’on kiddos,
Grandma’s got some
hot stuffs!
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History of the Universe
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Last Scattering
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e go back in time, or ask Granny to do it again?

» look at special astronomical objects: neutron stars,

black holes

e build an accelerator on earth



Time—>»

s

Initial state Energy Stopping Hydrodynamic

Hard Collisions Evolution




Time: 0.10

MADALUS
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BEAM ENERGY SCAN
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QCD Phase Diagram

QGP:
quarks and gluons
are deconfined.

Hadronic phase:
quarks are confined
and massive.
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FORCE LAWS



The Periodic Table
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Annihilation of an electron and a positron creating a
photon which decays into a new electron positron pair




Properties of the Interactions

The strengths of the interactions (forces) are shown relative to the strength of the electromagnetic force for two u quarks separated by the specified distances.

Gravitational Weak Electromagnetic Strong
Property Interaction Interaction g octroweak) Interaction Interaction

Acts on: Mass — Energy Flavor Electric Charge Color Charge

Particles experiencing: All Quarks, Leptons Electrically Charged Quarks, Gluons

Graviton
(not yet observed)
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An Inverse square

2 law relationship

The electric fisld twice as far komme 21
SOUrca 8 sprasd over four Tmes
the area, hence cne-fourth the mensiy.




Figure 7. Electric-field lines that connect two oppositely charged particles tend to spread out-
ward, giving rise to a property that is characteristic for the electrostatic (Coulomb) force as well
as for gravity: Magnitude of the force diminishes with the square of distance from a charge or
mass (lop). The quantum chromomagnetic field lines that connect two quarks, however, re-
main in a tight bundle, which provides a constant force (boltom).
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QCD: THEORY OF HADRONS
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Figure 1. Curving lines in this “bubble chamber” photograph show the trajectories—and thus the identities—of various subatomic particles
created by an accelerator. Careful measurement of these tracks (which Renee Jones of Fermi National Accelerator Laboratory is doing here
for a 1984 experiment) reveals much about the undetected parent particles that give off such sprays. Like most practitioners now, the authors
avoid this labor-intensive step by employing electronic detectors rather than bubble chambers in their current hunt for a special class of exot-
ic particles, ones made (in whole or in part) of the very force that holds matter together.

fic Research Society. Reproduction 2000

5 September—October 407
with permission only. Contact perms@amsci.org.



THE EIGHTFOLD WAY
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Figure 10. Crystal Barrel apparatus, construcied et CERN (the European pasticle physics labo-
ratory in Geneva) a decade ago employed 1,380 cesium jodide detectars (top left; olive). These
units surrounded a chamber (red) containing about 3000 clasely spaced parallel wires (pioto-
grapk), some of which also registered the charged particles ercated after enargetic antiprofons
(red arrvorw) were made to collide with pretons in a liquid kydrogen target (green). A particu-
larly important result of the Crystal Barrel experiment came from the analysis of a reaction that
produced three neutral pions (o, bottom left), twe of which came from the decay of an in-
triguing but sheri-lived particle. It is impossible in such cases t¢ know which two pions are
from e pactide of interesl. So invesligators look al many events and for each plot the com=
bined energy of two pions against the combined energy of a differert two, showing variations
in the density of points with a range of colars. Lines of high density in such a “Dalitz plot”
(dashes, bottom right) reveal the mass of a short-lived particle, in this case about 1,500 mega-
electron-volts. This particle, called f(1%00), was considered by some to be 2 glueball, but now
many physicists beliove it is a quantum.meckanical cambinabion ot a gluehall ane twn
mesons. (Photograph courtesy of Custis A. Meyer.)
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how confinement works?

how QCD forces manifest in hadron spectrum?
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SYMMETRY

HOW TO LOSE WEIGHT?

move to IVlars: gravity Is only 567



99% of the Mass of the visible Universe is
not explained by Higgs bosons!

NOT YOUR‘ USUAL WEIGHT PROBLEM

and it has little to do with the Higgs bosons!







SPONTANEOUS CHIRAL
SYMMETRY BREAKING
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SPONTANEOUS CHIRAL
SYMMETRY BREAKING
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The Nobel Prize in Physics 2008

s P O N @ Yoichiro Nambhu, Makoto Kobayash,, Toshihide Maskawa
1 (||| The Nobel Prize in Physics

\ne bosons

Fhota: Liniversity nf ® Tke Nabel Foundation @ The Nobel Fourdation
Chicago Photo: U. Montan Pnoto: U. Montan

Yoichiro Nambu Makoto Kobayashi Toshihide Maskawa

The Nobel Prize in Physics 2008 was divided, one half awarded to Yoichiro
44 q — O Nambu "for the discovery of the mechanism of spontaneous broken
symmetry in subatomic physics”, the other half jointly to Makoto Kobayashi
and Toshihide Maskawa “for the discovery of the origin of the broken
symmetry which predicts the existence of at least three families of quarks in

Fermion m nétvre"

Fhotes: Copyright ® The Nobel Foundaticn




PHYSICS SKILLS



HOW TO SOLVE A PHYSICS PROBLEM
(L +) - (_(c )

2F=ma

First , Write down Newton's  Solve equations Get some
2nd Law. Then... algebraic garbage.
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LAST BUT NOT LEAST...

CURIOSITY
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