
Hogyan lehet ezzel a
fényképpel Nobel-díjat
nyerni?



• Így



Strangeness
Late 1940’s:  discovery of a variety of heavier mesons (K – mesons) and baryons

(“hyperons”) – studied in detail in the 1950’s at the new high-energy
proton synchrotrons (the 3 GeV “cosmotron” at the Brookhaven
National Lab and the  6 GeV Bevatron at Berkeley)

Mass values
Mesons (spin = 0):  m(K±) = 493.68 MeV/c2 ;   m(K°) = 497.67 MeV/c2

Hyperons (spin = ½): m(Λ) = 1115.7 MeV/c2 ;  m(Σ±) = 1189.4 MeV/c2

m(Ξ°) = 1314.8 MeV/c2; m(Ξ – ) = 1321.3 MeV/c2

Properties
Abundant production in proton – nucleus , π – nucleus collisions
Production cross-section typical of strong interactions (σ > 10-27 cm2)
Production in pairs (example:  π– + p → K° + Λ ;  K– + p → Ξ – + K+ )
Decaying to lighter particles with mean life values 10–8 – 10–10 s (as expected
for a weak decay)

Examples of decay modes
K± → π± π° ; K± → π± π+π– ; K± → π± π° π° ; K° → π+π– ; K° → π° π° ; . . .
Λ → p π– ;  Λ → n π° ; Σ+ → p π° ; Σ+ → n π+ ; Σ+ → n π– ; . . .
Ξ – → Λ π– ; Ξ° → Λ π°



THE  “STATIC” QUARK MODEL
Late 1950’s – early 1960’s: discovery of many strongly interacting particles
at the high energy proton accelerators (Berkeley Bevatron, BNL AGS, CERN PS),
all  with very short mean life times (10–20 – 10–23 s, typical of strong decays)
⇒ catalog of  > 100 strongly interacting particles (collectively named “hadrons”)

ARE HADRONS ELEMENTARY PARTICLES?
1964 (Gell-Mann, Zweig): Hadron classification into “families”;
observation that all hadrons could be built from three  spin ½
“building blocks” (named “quarks” by Gell-Mann):

u d s
Electric charge
( units |e| )
Baryonic number
Strangeness

+2/3                   −1/3                   −1/3
1/3                      1/3                     1/3

and three antiquarks ( u , d , s ) with opposite electric charge
and opposite baryonic number and strangeness

0                         0                      −1



Prediction and discovery of the Ω– particle
A success of the static quark model 

The “decuplet” of spin       baryons3 
2

Strangeness                                                     Mass (MeV/c 2 )

0 N*++ N*+ N*° N*– 1232
uuu                uud             udd              ddd

–1 Σ*+ Σ*° Σ*– 1384
suu sud            sdd

–2 Ξ*° Ξ*– 1533
ssu               ssd

–3 Ω– 1680(predicted)
sss

Ω–: the bound state of three s – quarks with the lowest mass
with total angular momentum = 3/ 2 ⇒

Pauli’s exclusion principle requires that the three quarks
cannot be identical



The first Ω– event (observed in the 2 m liquid hydrogen bubble chamber at BNL
using a 5 GeV/c K– beam from the 30 GeV AGS in 1964)

Chain of events in the picture:
K– + p → Ω – + K+ + K°
(strangeness conserving)

Ω – → Ξ° + π –
(ΔS = 1 weak decay)

Ξ° → π° + Λ
(ΔS = 1 weak decay)

Λ → π – + p 
(ΔS = 1 weak decay)

π° → γ + γ  (electromagnetic decay)
with both γ – rays converting to an e+e – in liquid hydrogen
(very lucky event, because the mean free path for γ → e+e – in liquid hydrogen is  ~10 m)

Ω– mass measured from this event = 1686 ± 12 MeV/c2

Gell-Mann Okubo formula predicts: 1680  MeV/c2

Experiment: 100 000 pictures       K- track length  106 feet (300 km)

Theory: Nobel-prize Gell-Mann     1969

1232      152 1384      149 1533        147 1680            1672

-1    O     -3 1     1







Heavy  QUARK Drama

Main actors:
p       AGS   1970  fix target    30 GeV
p       AGS   1974  fix target    30 GeV 
ee     ADONE 1974 collider      3 GeV
ee     SPEAR 1974  collider      7 GeV
p       PS      1974  fix target    30 GeV
pp     ISR       1975  collider    60 GeV
ee     SPEAR 1975..collider      7 GeV
p       NAL      1977 fix target 400 GeV
ee     DORIS  1977 collider     9 GeV
pp     SPPS  ?1985 collider   900 GeV
pp     FNAL    1995 collider 1800 GeV 

•Fabrizio del Dongo  in the battle field of Waterloo





The most STUPID experiment

DE: Hogyan vizsgáljuk a napfogyatkozást?

Mindent megölünk, csírájában elfojtunk, csak a MUON-ok jutnak el a detektorokig.
Muon csak ionizacóval veszít energiát. Energia mérés: futás kifulladásig (RANGE)



Coulomb-anyag

A

Hadron-anyag

A

A

A

Nukleáris Coulomb-anyag

Lassít minden töltött
részecskét

Elnyel minden hadront

Gyorsan elnyel fotont
és elektront

Hadron-kaloriméter

EM-kaloriméter





Final publication:     Phys. Rev.  D8,  1 October 1973

ALVAJÁRÁS a legfelsőbb fokon





Cserenkov

Lead-glass
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ÁTLÁTSZÓ kísérlet:  Nincs „semmi” a részecskék útjában a végső EM kaloriméterig













• Közben LEDERMAN is dolgozott FNAL-ban: 









Data 1977

Data 1979





Typical detector concept
• Combine different detector types/technologies into 

one large detector system
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In 1994 t’Hooft and Veltman connecting m  to electroweak boson masses and couplings
predicted the value between 145 and 185 GeV. In 1999 they shared a Nobel-prize. 

Ki ismeri egyetlen CDF vagy DO kísérleti fizikusnak a nevét?





Heavy  QUARK Drama

Main actors:
p       AGS   1970  fix target    30 GeV
p       AGS   1974  fix target    30 GeV 
ee     ADONE 1974 collider      3 GeV
ee     SPEAR 1974  collider      7 GeV
p       PS      1974  fix target    30 GeV
pp     ISR       1975  collider    60 GeV
ee     SPEAR 1975..collider      7 GeV
p       NAL      1977 fix target 400 GeV
ee     DORIS  1977 collider     9 GeV
pp     SPPS  ?1985 collider   900 GeV
pp     FNAL    1995 collider 1800 GeV 

• pp felfedező !







CONSERVED QUANTUM NUMBERS
Why is the free proton stable?

Possible proton decay modes (allowed by all known conservation laws: energy – momentum,
electric charge, angular momentum):

p  → π° + e+

p  → π° + μ+

p  → π+ + ν
. . . . .

No proton decay ever observed – the proton is STABLE
Limit on the proton mean life: τp > 1.6 x 1025 years

Invent a new quantum number : “Baryonic Number” B
B =  1  for proton, neutron
B = -1  for antiproton, antineutron
B =   0  for e± , μ± , neutrinos, mesons, photons

Require conservation of baryonic number in all particle processes:

∑ ∑=
i f

fi BB

( i : initial state particle ;    f : final state particle)

Ma  > 1035



Invention of a new, additive quantum number “Strangeness” (S)
(Gell-Mann, Nakano, Nishijima, 1953)

conserved in strong interaction processes: ∑ ∑=
i f

fi SS

not conserved in weak decays: 1SS =− ∑
f

fi

S = +1: K+, K° ;  S = –1: Λ, Σ±, Σ° ; S = –2 : Ξ°, Ξ– ; S = 0 : all other particles
(and opposite strangeness  –S  for the corresponding antiparticles)

Example of  a K – stopping
in liquid hydrogen:

K – + p   → Λ + π°
(strangeness conserving)
followed by the decay

Λ → p + π –

(strangeness violation)
p

π–

K–

π° → e+ e– γ
(a rare decay)

Λ is produced in A
and decays in B



A Ze e

Minden töltött részecske érzi ezt:  gerjeszt, ionizál vagy elektron-lyuk párt kelt (C,TRD) 

Coulomb-anyag

A

Hadron-anyag

A

A

A

Minden hadron (neutron is) látja, ritkán van ütközés, de akkor nagyot durran.
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Coulomb-anyag

Nukleáris Coulomb-anyag

A rendkívüli kis tömegű FOTON és ELEKTRON különlegesen intenzíven kölcsönhat a 
magok erős (ha Z nagy!) Cb-terével: Párkeltés illetve Bremsstrahlung (fékezési sugárzás) 



Best t-mass in Aug. 2OO6 is  mt = 172.5 +/- 2.3



A c-quark helyettesíthető b-quarkkal, akkor B mezonokat kapunk

A t-quark előbb átalakul bW párrá mielőtt hadronizálna

A b-quarkok persze hadronizálnak „jet”-t keltve (u,d is), de az itt nincs jelölve.




