
Metoda ukrMetoda ukršštenih tenih 
snopova i otkrisnopova i otkrićće e 
J/J/ψ ψ ččestice te estice te ššarmaarma



HadroniHadroni: : barionibarioni  i i mezonimezoni

LeptoniLeptoni
HadroniHadroni

hiperprodukcija hiperprodukcija 
elementarnih elementarnih 
ččesticaestica



PoPoččecieci
HiperonHiperon –– klasa klasa barionabariona s bar s bar 
jednim stranim jednim stranim kvarkomkvarkom
HiperjezgraHiperjezgra –– jezgra s bar jezgra s bar 
jednim jednim hiperonomhiperonom
1953. M. 1953. M. DanyszDanysz i J.i J.PniewskiPniewski
otkriotkrićće u fotografskoj emulziji e u fotografskoj emulziji 
na visini od 26kmna visini od 26km
ModoviModovi raspada raspada ΛΛ hiperonahiperona
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ΛΛ  ččestica; najinteresantniji estica; najinteresantniji 
hiperonhiperon!!

ΛΛ
 

najlaknajlakšši i hiperonhiperon
ΛΛ

 
1115.684 1115.684 ±±

 
0.006MeV0.006MeV

ΛΛ
 

masa masa ccacca
 

20% ve20% većća od    a od    
protona ili neutronaprotona ili neutrona
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SS==--1 1 
ΛΛ

 
ττΛΛ
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SpinSpin  1/21/2  barionskibarionski  oktet oktet 



PseudoskalarniPseudoskalarni  mezonskimezonski  nonetnonet

ČČlanovi lanovi 
okteta: okteta: 
zelemozelemo

SingletSinglet: : 
magentamagenta



MezoniMezoni  spinaspina  0 (0 (nonetnonet))

http://upload.wikimedia.org/wikipedia/commons/c/cd/Noneto_mes%C3%B4nico_de_spin_0.png


MezoniMezoni  spinaspina  1 (1 (nonetnonet) ) 

http://upload.wikimedia.org/wikipedia/commons/0/0a/Noneto_mes%C3%B4nico_de_spin_1.png


SpinSpin  3/23/2  barionskibarionski  dekupletdekuplet

http://upload.wikimedia.org/wikipedia/commons/8/8f/Decupleto_bari%C3%B4nico.png


KvarkovskaKvarkovska  shema SU(3)shema SU(3)

OkusOkus ImeIme OznakaOznaka NabojNaboj Masa (MeV/cMasa (MeV/c22))

IIzz=+=+½½ UpUp uu ++⅔⅔ 1.5 1.5 ––
 

4.04.0
IIzz==--½½ DownDown dd --⅓⅓ 4 4 ––

 
88

S=S=--11 StrangeStrange ss --⅓⅓ 80 80 ––
 

130130

http://en.wikipedia.org/wiki/Up_quark
http://en.wikipedia.org/wiki/Down_quark
http://en.wikipedia.org/wiki/Strange_quark


Udarni presjekUdarni presjek

NN-- broj rasprbroj rasprššenja u sekundienja u sekundi
BB-- ulazne ulazne ččestice u vremenu estice u vremenu ττ
TT-- broj broj ččestica mete na povrestica mete na površšini Pini P
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LumnozitetLumnozitet
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ImeIme drdržžavaava ččesticeestice EE [GeV][GeV] L [10L [103232cmcm--22ss--11]]

DAFNEDAFNE ItalijaItalija ee++ee-- 2 x0.72 x0.7 55

CESRCESR USAUSA ee++ee-- 6.06.0 66

PEPPEP--2B2B USAUSA ee++ee-- 3.1 + 9.03.1 + 9.0

KEKKEK--BB JapanJapan ee++ee-- 3.5 + 8.03.5 + 8.0 100100

PETRAPETRA NjemaNjemaččkaka ee++ee-- 2 x 402 x 40

LEPLEP EuropaEuropa ee++ee-- 100100 0.60.6

HERAHERA NjemaNjemaččkaka ee--pp 12 + 4012 + 40 0.10.1

RHICRHIC SADSAD ppp, , IonsIons 2x250(2x250(pp)/()/(AuAu++)) 0.1 (0.1 (pp))

TevatronTevatron SADSAD ppp 2 x 18002 x 1800 1.81.8

LHCLHC EuropaEuropa ppp 2 x 70002 x 7000 100100

LuminozitetiLuminoziteti
 nekih nekih sudarivasudarivaččaa



RHICRHIC



LHC shema LHC shema sudarivasudarivaččaa  i i 
detektoradetektora



CMS detektorCMS detektor



TheThe
 

set up of set up of thethe
 

CMS. CMS. 
In In thethe

 

middlemiddle, , underunder
 

thethe
 

soso--calledcalled
 

barrelbarrel
 

therethere
 

is a is a manman
 

forfor
 

thethe
 

scalescale. . 
(HCAL=(HCAL=hadronhadron

 

calorimetercalorimeter, ECAL=, ECAL=electromagneticelectromagnetic
 

calorimetercalorimeter))

http://upload.wikimedia.org/wikipedia/commons/a/af/CMScollaborationPoster.png


ČČestica u estica u CMSuCMSu
CMS_Slice.swf
CMS Assembly

 
final.mpg

http://upload.wikimedia.org/wikipedia/commons/8/8a/CMS_Slice.gif


Naivni Naivni partonskipartonski  model u model u 
procesima:procesima:

FeynmanFeynman
 

1969; 1969; BjorkenBjorken
 

1969; 1969; 
DrellDrell

 
1971; 1971; LandshofLandshof

 
19711971

ee++ + e+ e-- →→ X (elektronX (elektron--pozitronpozitron anihilacijaanihilacija))
e + N e + N →→ ee ++N (duboko neelastiN (duboko neelastiččno rasprno rasprššenje)enje)
N+NN+N→→μμ+++μ+μ−−++X (X (DrellDrell--YanYan procesi)procesi)
p+p+pp→→jestsjests veliki veliki ppTT +X+X



Naivni Naivni partonskipartonski  model model 
pretpostavke:pretpostavke:

Brzi Brzi hadronhadron nakupina nakupina partonapartona koji koji djeledjele
energiju i gibaju se u istom smjeruenergiju i gibaju se u istom smjeru
Impulsna aproksimacija Impulsna aproksimacija –– partonskapartonska
reakcija nekoherentno sumirana preko reakcija nekoherentno sumirana preko 
doprinosa svih doprinosa svih partonapartona



Naivni Naivni partonskipartonski  modelmodel

ee+++e+e-- →→ q+q+qq slisliččno no 
kao ekao e+++e+e-- →→ μμ++++μμ--

e+

e-

q
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α=α=ee22/4π      /4π      
energija u centru mase     s >> menergija u centru mase     s >> me. e. mmμμ
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Naivni Naivni partonskipartonski  modelmodel

2

2 2
'

'

( )
( )
( )

( )

q

q q
q q

e e qq Q
e e
e e hadrons Q Q
e e

σ
σ μ μ
σ

σ μ μ

+ −

+ − + −

+ −

+ − + −

→
=

→

→
= +

→ ∑ ∑

2 2
'

'

( )( )
( ) q q

q q

e e hadronsR s Q Q
e e

σ
σ μ μ

+ −

+ − + −

→
= = +

→ ∑ ∑
2



J/J/ψψ



J/J/ψψ
J/ψ

 
karakteristike

Sastoji se od:Sastoji se od: 2 2 KvarkaKvarka
ŠŠarm 1 ; arm 1 ; AntiAntiššarmarm

 
11

Porodica:Porodica: HadronHadron
Grupa:Grupa: MeMezonzon
MaMasa:sa: 5.52085.5208××1010−−2727

 kgkg
3.096 916 3.096 916 GeVGeV//cc22

Naboj:Naboj: 00CC
SpinSpin:: 11



J/ψ
 

karakteristike

J/J/ψψ masa mirovanja 3096.9 masa mirovanja 3096.9 MeVMeV//cc22

polupolužživotivot 7.27.2××1010−−2121ss..

PoluPolužživotivot tisutisućću puta dulji od ou puta dulji od oččekivanogekivanog



J/J/ψψ  HystoricalHystorical  factsfacts
ItsIts discoverydiscovery waswas mademade independentlyindependently byby twotwo researchresearch
groups, one at groups, one at thethe StanfordStanford LinearLinear AcceleratorAccelerator CenterCenter, , 
headedheaded byby BurtonBurton RichterRichter, and one at , and one at thethe BrookhavenBrookhaven
NationalNational LaboratoryLaboratory, , headedheaded byby SamuelSamuel TingTing. . 
TheyThey accidentallyaccidentally discovereddiscovered theythey had had foundfound thethe same same 
particleparticle, and , and bothboth announcedannounced theirtheir discoveriesdiscoveries on on 
NovemberNovember 1111, , 19741974. . 
TheThe importanceimportance of of thisthis discoverydiscovery is is highlightedhighlighted byby thethe
factfact thatthat thethe subsequentsubsequent, , rapidrapid changeschanges in in highhigh--energyenergy
physicsphysics at at thethe time time havehave becomebecome collectivelycollectively knownknown as as 
thethe ""NovemberNovember RevolutionRevolution".".
RichterRichter and and TingTing werewere rewardedrewarded forfor theirtheir discoverydiscovery withwith
thethe 19761976 NobelNobel PrizePrize in in PhysicsPhysics..

http://en.wikipedia.org/wiki/Stanford_Linear_Accelerator_Center
http://en.wikipedia.org/wiki/Stanford_Linear_Accelerator_Center
http://en.wikipedia.org/wiki/Stanford_Linear_Accelerator_Center
http://en.wikipedia.org/wiki/Stanford_Linear_Accelerator_Center
http://en.wikipedia.org/wiki/Burton_Richter
http://en.wikipedia.org/wiki/Burton_Richter
http://en.wikipedia.org/wiki/Brookhaven_National_Laboratory
http://en.wikipedia.org/wiki/Brookhaven_National_Laboratory
http://en.wikipedia.org/wiki/Brookhaven_National_Laboratory
http://en.wikipedia.org/wiki/Samuel_Ting
http://en.wikipedia.org/wiki/Samuel_Ting
http://en.wikipedia.org/wiki/High-energy_physics
http://en.wikipedia.org/wiki/High-energy_physics
http://en.wikipedia.org/wiki/High-energy_physics
http://en.wikipedia.org/wiki/High-energy_physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics
http://en.wikipedia.org/wiki/Nobel_Prize_in_Physics


HadroniHadroni  i i kvarkovikvarkovi

http://en.wikipedia.org/wiki/Image:Quarks_and_decays.png


KvarkovskaKvarkovska  shemashema

WeakWeak
 IsospinIsospin

FlavorFlavor ImeIme oznakaoznaka nabojnaboj Masa Masa MeVMeV··cc--22

11 ++½½ IIzz=+=+½½ UpUp uu ++⅔⅔ 1.5 1.5 ––
 

4.04.0
11 --½½ IIzz==--½½ DownDown dd --⅓⅓ 4 4 ––

 
88

22 --½½ S=S=--11 StrangeStrange ss --⅓⅓ 80 80 ––
 

130130
22 ++½½ C=1C=1 CharmCharm cc ++⅔⅔ 1150 1150 ––

 
13501350

33 --½½ B=B=--11 BottomBottom bb --⅓⅓ 4100 4100 ––
 

44004400
33 ++½½ T=1T=1 TopTop tt ++⅔⅔ 170900 170900 ±±

 
18001800

http://en.wikipedia.org/wiki/MeV
http://en.wikipedia.org/wiki/E%3Dmc2
http://en.wikipedia.org/wiki/E%3Dmc2
http://en.wikipedia.org/wiki/E%3Dmc2
http://en.wikipedia.org/wiki/Up_quark
http://en.wikipedia.org/wiki/Down_quark
http://en.wikipedia.org/wiki/Strange_quark
http://en.wikipedia.org/wiki/Charm_quark
http://en.wikipedia.org/wiki/Bottom_quark
http://en.wikipedia.org/wiki/Top_quark
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