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Three Generations of Matter




Leptons spin = 1/2 Quarks spin = 1/2

Approx.

Flavor Ma552 Electric Elavor Mass Electric
GeV/c“ charge Gev/c2 Charge
A electron | <1x10-8 0 U up 0.003 2/3
neutrino
@ electron |0.000511| -1 d down 0.006 | -1/3
o2l <0.0002 0 C charm 1.3 2/3
M neutrino
JL muon 0.106 -1 S strange 0.1 -1/3
P e <0.02 0 t top 175 2/3
neutrino
T tau 17771 -1 b bottom 4.3 -1/3




Unified Electroweak spin =1

Mass  Electric
GeV/c2  charge

Name

Strong (color) spin =1

Mass Electric

hiane GeV/c2  charge
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Kbapxobaa modenv

B aKkcnepumenmax, budam bapuonvt u Mezomnu

Meson Summary Table

See also the table of suggested g quark-model assignments in the Quark Model section,
» Indicates particles that appear in the preceding Meson Summary Table. We do not regard the other entries as being established
1 Indicates that the value of J given is preferred, but needs confirmation.
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Baryon Summary Table

This short table gives the name, the quantum numbers (where known), and the status of baryons in the Review. Only the baryons with 3-
or 4-star status are included in the main Baryon Summary Table. Due to insufficient data or uncertain interpretation, the other entries in
the short table are not established as baryons. The names with masses are of baryons that decay strongly. For N, A, and = resonances, the
partial wave is indicated by the symbol Lz s, where L is the orbital angular momuntum (S, P, D, ...), Iis the isospin, and J is the total
angular For A and © the symbol is L; 2.
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*#*%%  Existence is certain, and properties are at least fairly well explored.

***  Existence ranges from very likely to certain, but further confirmation is desirable and /or
quantum numbers, branching fractions, etc. are not well determined.

*%  Evidence of existence is only fair.
*  Evidence of existence is poor.




Kbapxobaa modenv: Mezonut

Symbol

Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Name

pion
kaon

rho

B-zero

eta-c

Quark
content

Electric
charge

Mass

GeV/c?

0.140

0.494

0.770

5.279

2 .980

Tenn-Mann (1964)




Kbapxobaa Modenv: bapuonuvt

Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Quark Electric \EES

symball [ Name | ntant charge GeV/c? R

p oroton | UUd 1 0.938 | 1/2

anti- | —=—_g
proton uud -1 0.938 | 1/2

P
n neutron| Udd 0 0.940 | 1/2
A

lambda | UdS 0 1.116 | 1/2

)~ |omega| SSS -1 1.672 | 372

Tenn-Mann (1964)




‘ Cboiicmbo _cunvnux Gzaumodeiicmbuil

JI/isi COCTaBHBIX 00HbEKTOB BbINO/JIHAETCS 3aKO0H:

M NZ m.

CuibHble B3aUMO/JeNCTBUA:
x*(ud) M_ ~140 MeV >>m +m, ~9 MeV
p(uud) M ~938 MeV >>m, +m, + m, ~12 MeV
n(udd) M, ~940 MeV >>m +m, +m, ~15MeV




Cbobodnux Kbapkob 6
IKchepuMenmax obHapymceno
He bwno




Jayboko meynpyeoe paccesmie

ep->eX

OnbIT aHa/IOTUYHBIW Pe3ep(hop/10BCKOMY pacCesiHURO:
(do/dL), ~ 0%/ gM = o2 / pAM sin4 6/2  (dS2 = 2tdcosO)
P — UMITYJIbC 3JIEKTPOHA, 0 - a3UMYyTa/IbHbIU YTOJ1 paCCesTHUS
a=1/137

Eciy MuliiieHb MeeT IIPOCTPAaHCTBeHHOe pacripe/iesieHue
d do/dQ = (do/dQ?), G4(q?)

9 Gg(g?) = | d°r p(r) exp(ig.r)
9 G.(g?) =1 gyg manbix g2 u G4(q?) — 0 gst 6obIIKX 2




‘ Kunemamuxa

" Q2= (p - p’)? mnynbC NnepefaHHbIi a0py
" v =E - E’ aHeprna nepegaHHasa agpy

" x=Q?%2Mv 6e3pasmepHas nepeMmeHHas
" M macca agpa

" Q%= 4EZ3sin20/2




‘ Creunume

CeueHue 1/1y00K0 Heynpyroro paccesiHusi 3aBUCHT OT
yrJjia O 1 oT 3Herpuu y/ieraroiuero 31eKTpoHa E’:
J d20/dE’dQ ~(do/dQ2)R[cos26/2 F2(x,Q?)+sin26/2 (Q%/xM?2)
F1(x,Q?]/v
< TIpu 6omemmmx Q2 F1 (x,Q2) — F1 (x) m F2 (x,Q?) — F2 (x)

CKetinune:

9 IlIpu 6ompmmx Q* F, (x,Q?) = F, (x) u F, (x,Q?) = F, (x)

<J PaccessHMe Ha TOUEUHBIX YaCTHUIIAX (TTAPTOHBI)

< TlepemeHHast X-10/IsI UMITy/IbCa Spa, KOTOPYIO HECET MapTOH
Jlapmonut:

d Cnune-0 maptoHsl => F,(x) = 0;

Crninn-1/2 naptonsl => 2xF, (x) = F,(x)
- Wmetot gpoOHBIi 3aps

J Hecyt ~ 50% uMITy/ibca BCero MpoTOHa

bbepKHMHOBCKUU CKen/IMHT (1969)
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e=e-_annucunauus

Daa odnozo Kbapxa: R=02
—_— P
R=32 Q
aKcneE (Meumr i
Energy Ratio R
V8 > 2ms ~1GeV 36+:+ 1) =2
u,d,s
V/8>2m,~4GeV | 3(3+2+32+3) =33
u,d,s,c
1 W
V'3 > 2my ~10 GeV 3. +3) =33
u,d,s,c,b
V3 > 2my; ~350 GeV 3(w+3) =5
u.d,s,c.b,t

Kaxucdwii kbapx_cywecmbyem § 3-x sxzemnaspax




‘ 1fbemnve Kbapku

1f6em KbapKa-
noboe Kbanmoboe
YUCNO

Kbapxu bwbarom:
Kpacuuvie
Senenvie

Cunue

* The existence of the {2~ (s53)

The 2™ (Sss) is a (L=0) spin-% baryon consisting

of 3 strange-quarks. The wave-function
PYp=sTsTs?

is SYMMETRIC under particle interchange.

However quarks are FERMIONS, therefore require

an ANTI-SYMMETRIC wave-function, i.e. need
another degree of freedom, namely COLOUR.

P = (8713713 T)Yeotour
1
Weolour = ﬁ(r +qbr+brg-grb-rbg-bgr)

* w9 — ~~ decay rate

Need colour to explain w2 — <~y decay rate.

u Y
0

u v

L(7® — ~y) < N2, .
EXPT : Neotour = 2.994+0.12




Kbanmobas xpomodunamuxa




‘ Inexmpodunamuxa (K3ID)

YPaBHEHHE ABHUKEHUA 3apﬂ}KEHHOﬁ YdCTHUIIbI

 —

 —

b _ g+ 9|y <H]

dt C
i 1 6A
E —- -V
. C Ot. v
H —=rot A
3neKTponnHaMHK9 — gﬁeneBa Ka/Iu0poBoOYHas Teopusa
A=A+V, =g -
Cc Ot

i N ! a
A =(p,A), A, =A, - épfk

A__fl_)Av__fz_)An:A__fz_)Av__fl_)An




‘ anmobaa xpomodunam D

HeabeneBa ka11M0poBouHasi Teopus
A= ..

A—tbos A—Ls A 2 AL A b A

CeoucrBa KX/I: I

- N.=3 uBera KBapKoB

- N*-1=8 riiroonoB I
- KaimmopoBounas rpynmna SU(3)

.*I-|
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CuibHbIe B3aUMO/I€MCTBHA:

YacTuibl:
Ilepenocuuku: I[1100HbI ( Yy8emosoli 3apsio )

Keapku u 21100HbDI

Heabenesas KaaubpoeouHas meopus

o X

Cwnia B3aUMOJAeNCTBUS:

Manbie paccmosiHus :

. a(r
nomeHyuasn e3aumooeticmgusi  V(r) ~ AU
r

1

Log(uXr)
a,(1GeV)~ 0.5 a,(3GeV)~0.25 «,(90GeV)~0.12

accumnmomuueckas ceobooa o (r) ~

Bbonbwue paccmosiHus :

KoHatiumeHm V(r) ~ o Xr

BJIEKTPOMHFHI/ITHBIE B3aHMOHEﬁCTBHﬂ!

Yactunbl: Jl106ble 3apsidiceHHble uacmuybl
IlepeHocuuku: @omoHbl (He umerom 3apsos)

Abeneeas KaaubposouHnas meopus

=,
e

Cwnia B3auMOJAeNCTBUA:

. a
nomexyuan e3aumodeticmeus V(r) ~ —%
r

1

o, =——

137




‘ Beayusuil 3apad

S,

:

|

SUpgcRaEEtARIAD

¢ 7

'screening” of the charge “anti-screening"
+ + + ++ ++ + non.
like TNt ++ abelia
QED +-_<-D_ -+ +++@|_ ++
+ + r + + r
_’ _’
as(r) T ifr| ag(r) | ifr]
y4
Who wins? | as(@®) = - on Q~1/
o wins/| as = P~ ~ r
47 (11— £Ny5) In(Q2/A2)
coupling at some reference scale Qg
Accumnmomuyecxas cboboda: 1
o, >0, ipu r— O
Ln(/r)

Ha manvix paccmosnusy gapsd — manwil napamempl!!




Ixenepumenmanvioe nodmbepucdenue accumnmomuveckon cbobodu

test of

0.5

a(Q)

0.4 |

0.3

0.2

0.1

QCD: experimental confirmation of asymptotic freedom

! S Th o 27y DIS [pol. stret. fein] ———
— » — — R i Al
Data e, POROREIESE B OE DIS [Bj-SR] i
' i el 2 o DIS [GLS-SR] ——l,
r Deep Inclastic Scattering | & & p . (LEP 1
e ¢ Annihilation o ® Tf er:a-“ [ i ] "I"'
3 Hadron Collisions o Fy, F3 [v -DIS] { " i
Heavy Quarkonia o = Fy [p.—[}!S] —C—
: o Jets [HERA ——
AGL _ ™ Fy [HERA] — .
aE aM2) ev. shapes [HERA] —
\ cp [ 275Mev--- 0123 S = '
. (?( 4y ZlMeh 0.119 [\g(j + lattice QCD ~oh
e ecavs
* L 175Mev —-0.115 - B
W €' e [Ohagl -
e & [ev. shapes 22 GeV] -—l—o——ql
€ & [Ohadl —O
| € e [ev. shapes 35 GeV| —_—o—t
€ e |ev. shapes 44 GeV | e e
€" g [ev. shapes 58 GeV] .—!—0—.
pp —bb X -—o—i—-
PP, PP =Y X s —
G{pp— Jets) Nl
- o I(Z0—shad.) [LEP] T —
CompllaTlon by Z%v. shapes —O—
1 \ ev. shapes 133 GeV [LEP] »—o{—-
100 ev. shapes 161 GeV |LEP] »—o—+

¥ Q|GeV]

asyrnpi freedom

ev. shapes 172 GeV [LEP] —o—
ev. shapes 183 GeV |LEP] —io—
ev. shapes 189 GeV |LEP| n_:o_u

i i i i

0.08 0.10 0.12 0.14
os(Mz)

3apsif - eJUHCTBEHHbIU [TapaMeTp, OIpeie IstOIM CUTy B3aUMO/IeMCTBUS
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"Ein Klasse Fystem, mein Blickgrat beim Leznen" — Ronald Eaumann

KoHdhanHMeHT

MaTepran u3 BUkMNead — ceofodHOR aHUMKENONE MK

KoHdpafinmeHT (0T aHrn. confinement — yABp#aHWE, YO SmKaHWE LUEETA) — ABNEHWE B PUIHMKE SNEMEHTARHE YACTHL, COCTOALLEE B HEBOIMOMKHOCTH NONYYEHWA KEAPKOE B CEOBOQHOM
COCTOAHMM, MPHTOM YTO HMBKITCA BECKWE YKAZAHWA B NOJE3Y TOMD, 4TO CAMKM KBAPKW CYLLECTEYHIT, KEAPKH XOPOLO OMWCEIEAKT CMCTEMATHEY 3MEMEHTAHE YACTHL W HABNHLa0TCA BHYTRK
HWX B KAYBCTEE MAPTOHOE NP rNyBoKD HEYNPYIME CTONKHOEEHWAX.

NnA 0BBACHEHWA ¥4 EpHaHWA NPegNoRaranoce, YT0 UEETOBOR 3apAL, KOTOPEIM 0BNafakT KESpKK, MMEET CEONCTED TAK HA3ZLIEAEMOr0 SHTMIKPAHWPOBAHHA. AHTHIKDAHUOBAHHE NPOHCKOAHT
M3-33 TOTD, YTO NEEHOCYHEM CHAEHOMD B33MMOAEACTEMA, KOTOROMY NOAEE[KEHE KESPKW, CaMi 00Na0amT LEETOBRIM 3ApAR0M H CAMA NOPOXLAHT LONONHWTENEHOE BE3aMMogeicTere. B
peayNeTaTe, KEApKkH BE2aMMOeACTEYIOT TEM CHNEHEE, Yem LanbLUe OHW APYT OT Apyra. 3Ta rMnoTesa Xopowo ofbACHANS MHOMME ABAEHWA, B TOM MHCNE DOMOEHMA CTRYA agpoHOE MK
rayfoKo HeYNpyrMyE CTONKHOESHWAX.

BI'IDCJ'IE,D,CTBHH aTa rMnoTe2s OKazanack DpFaHHqECKDﬁ JACTEHD MATEMATMYECKDR TEOPWH CHREHOMD BSSHMD,D,E!I:!CTBHH — KEAHTOEON HporOoOWHAMHEN.

Fateropun: HeneHda B MHEpomdpe | DH3MES SNeMEHTApHEIE HacTHL,

MocnegHes UsmMeHEHME 3TOMR CTRaHKUEE 16:45, 24 apryoTa 2007 . Copepimoe QoeTynHo B cooTEeTeTeHH ¢ GMU Free Documentation License. el .pf':f.?‘,'.._, ;I

|D0ne

I &l StartI @ KOHDAAHMEHT - MOMCK B ... “@ KoHdaiHmMeHT — Bukm... @ Microsoft PowerPoint - [...

| « @ ws5aM




‘ Acumnmomuueckas cboboda u Kongaiinmenm
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Umobw pagdenumv KGapKu nymcna beckoneunas snepeus!!!













‘ Maxcerwnii Kba ui

Tskesbie kBapku: ¢ (M, ~1.5GeV)
b (M, ~4.5GeV)
Ob1as ocobennocts : M >> A, =300 MeV

MacCoBbIM CIIEKTP TTO3UTPOHMS : MacCoBbIH CITIEKTP KBaPKOHHS :
pelnieHe ypaBHeHus LlIpeavHrepa pelieHuve ypaBHeHud LlIpeauHdrepa
o 4 o,

C noTeHamom V(r) =- —& C roTeHaIom V(r) =- P + kr
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Yuubepcanvnuii nomenyuan Gzaumodeiicmbuall
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DECONFINEMENT

CONFINEMENT

[Vir)-Virgll r
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