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‘ Nepapxua vyactuy

- IIpuBbIYHBbIE HAM 00BEKTHI COCTOST U3
MOJIEKYJI

- MoJjiekyJibl COCTOAT U3 ATOMOB
- ATOMBI COCTOSIT U3 JICKTPOHOB M siAeP
- Slapa cocTodT U3 NPOTOHOB M HEMTPOHOB

- IIpOTOHBI M HEUTPOHBI COCTOAT U3
KBAapKOB

- KBapKu 1 3JIEKTPOHBI COCTOAT U3 ??2?

Ksapku U 3neKTpoHbI -
3N1leMeHTapHbIe YacTULbI
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‘ JlenToHLI U KBAPKW

Leptons spin = 1/2 Quarks spin =172

Mass  Electric
FI
i GeV/c?2 charge
p_ electron | <1x10-8 0
€ neutrino
@ electron |0.000511 -1
muon
M neutrino =0,0004 0
JL muon 0.106 -1
v tau <0.02 0
neutrino
T tau 1.7771 -1

Flavor Afn%r;x. Electiic
Gev/c2 Charge
U up 0.003 2/3
d down 0.006 | -1/3
C charm 1.3 2/3
S strange 0.1 -1/3
T top 175 2/3
b bottom 4.3 -1/3




‘Tlepel-locuum B3QAUMOAEUCTBUS

Unified Electroweak spin = 1

Mass  Electric
GeV/c?2  charge

Name

Strong (color) spin =1

Mass Electric

hiame GeV/c?2  charge




CtaHoBNEeHue Teopuu
CUNbHBLIX B3GUMOAEUCTBUU




‘ Keapkosaa moaens

B skcnepumeHTax BuAST 6APUOHLI U Me30HbI

Meson Summary Table

See also the table of suggested qg quark-model assignments in the Quark Model section.
o 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 Ly 25, where L is the orbital angular momuntum (S, P, D, ...), /is the isospin, and J is the total
angular momentum. For A and X resonances, the symbol is L; 2.
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*k¥%  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.




‘ Keapkosas mofersnb: Me30HbLI

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

Fenn-MaHH (1964)




‘ Keapkosaa mogenb: 6apuoHbI

Baryons qqq and Antibaryons qqq

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

Quark Electric Mass

SYMOOIR | Mame &l rtant charge GeV/c? 3pin

P |proton | LU 1 | 0938 | 112

anti- | —="4
oroton | UUd | -1 | 0938 | 172

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

lambda| UdS 0 1.116 | 172

)~ |omega| SSS -1 1672 | 312

Fenn-MaHH (1964)




CBOUCTBO CUJSIbHLIX B3GUMOAEUCTBUU

15l COCTABHLIX OOLEKTOB BLINOJHACTCS 3AKOH

M=> m,
!

CuibHbIe B3aUMOACHCTBUA:
rtud) M_ =140 MeV >>m, +m, ~9 MeV
puud) M ~938MeV >>m, +m, +m, =12 MeV’
n(udd) M, =940 MeV >>m, +m,+m, B =15 MeV




Cs060AHBLIX KBAPKOB
B 3KCMNepuMeHTax
obHapyxeHO He 6b1no




‘I"nyGoxo Heynpyroe paccesHue

ep->eX

OnbIT aHaJoruuHbld Pe3epdop10BCKkOMY paccessHUIO:
(do/dQ), ~a?*/ g4 = a?/ p”4 sin™4 §/2  (dQ = 2rdcosb)
P — UMITYJIBC DJICKTPOHA, 0 - a3UMYyTaNbHBIN YTOJ pacCesHUs
a=1/137

Eciu MuilieHb UMEET MPOCTPAHCTBEHHOE pacIpeiecHue
2 do/dQ = (do/dQ), G.X(q?)

0 Gy(@) =] & p(r) exp(ig.r)
2 Gu(q®) =1 anst mansix q* u G(q*) — 0 st 6onmbumx g




‘ KuHemaTuka

Q?= (p - p’)? MnynbC NepeaaHHbIn aapy
v = E - E’ 9Heprua nepegaHHaga sapy

X = Q%/2Mv Be3pa3mepHas nepemMeHHas
M macca agpa

Q%= 4E3sin?6/2

0O 0000




 CKeAnNUHI

Cevenue riry0OKO HEYNIPYIroro pacCessHusi 3aBUCHUT OT

yriia 0 v oT 3Herpuu yJjeraminero 3iekrpona E’:
0 d?c/dE’dQ ~(do/dQ)r[cos?0/2 F2(x,Q%)+sin?0/2 (Q*/xM?) Fi(x,Q%)]/v
a  Mpu Gonbwnx Q% Fi(x,Q%) — Fi(x) n F2(x,Q%) — F2(x)

CKeUnuHr:
2.
a2 Hpw 6omemmx Q~: F (x,Q%) = F, (x) u F, (x,Q*) = F, (x)
0 PaccesHue Ha TOYEYHBIX YacTHUIIAX (MAPTOHBHI)
0 IlepemeHHas X-10J1s1 UMIYJbCa sApa, KOTOPYIO HECET apTOH

TTapToHbr:
0 Cmme-0 mapronst => F (x) = 0;
Crun-1/2 mapronsr => 2xF (x) = F (x)
0 HwmeroT apoOHBIi 3aps
2 Hecyr ~ 50% nmmnynbca Bcero npoToHa

BbrepkuHOBCKUM ckeiljauHTr (1969)




‘ e e~ aHHUrnnauus

o(eTe~ — hadrons)
o(ete™ — ptp~)
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‘ e e~ aHHUrnnauus
Ona oagHoro keapka: R=Q?

R=3 -
DKCNEepUMEHT : Z Q;
K
Energy Ratio R
V'8 > 2ms ~1GeV 33+%+ 1) =2
u,d,s
V8 >2m,~4GeV | 3(3+2+32+3) =33
u,d,s,c
V8 > 2my ~10 GeV 3(.. + %) O 3%
u,d,s,c,b
V3 > 2my; ~350 GeV 3(ee + 3) =5
u,d,s,c,b,t

Kaxabin keapk cylyectsyeT 8 3-X 3K3emnnapax




LigeTHbie KBApPKU

LiseT kBapka-
HoBOe
KBAHTOBOE
Yymucno

Keapku 6biBatoT:
KpacHbre
3eneHble

CuHue

* The existence of the 2~ (s33)

The Q_(.S.S.S') is a (L=0) spin-% baryon consisting
of 3 strange-quarks. The wave-function
PYp=s8Ts1Ts?

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 = (3 TstTs T)'(/)colawf
1
Vecnnm = 6 (rgb+gbr+brg-grb-rbg-bgr)

* 7% — ~~ decay rate

Need colour to explain % — -~y decay rate.
u v
0

u Y

L'(n® - ~yv) o« NZ,
EXPT 2 Nojomes = 289:4-0.12




KeaHTOBas XpomoauHamuka




DJIeKTPOAMHAMHUKA — a0e/ieBA KAJHOPOBOYHAS TEOPUs

A'= A+ VS, @'z(p—lg
c of
X of

A= (p.A), A=A, -

k
X

AL 5>A L4 = AL >SA L5 4"




'KeawToeas xpomoauHamuka (KXI])

HeabesieBa KAJIMOPOBOYHASA TEOPUS

/Al\
A =
\4s )
PNy L L SNy (LR S . SENG [ BN L

CaoiictBa KX/JI:

- Nc=3 BeTa KBAPKOB
- NC2-1=8 IJII0OHOB
- KanuoOposounas rpynmna SU(3)




|
2YVaVE
YacTuumbl:
Ilepenocuuxu: /roonst ((yeemosoii 3apso )

o WONCii A N v e

KdeKU U 2100 Hbl

Heaoenesasn Kanuoposounas meopus

Cujia B3auMoOJIeiCcTBUSA

Manvie paccmosnus

o (7
nomenyuan e3aumooesicmeust  V(r) ~ a.(r)
r

1

Log(uxr)
o, (1GeV)~0.5, o, (3GeV)~0.25, e, (90 GeV') ~0.12

accumnmomuveckas ceobooa o (1)~

bomvuiue paccmosmnus

kougaiinmenm V(r)~ocxr

JEeKTPOMATHUTHBIE B3aUMO1E€CTBHA

Yactuubl: Jlrobwvie 3apsoicenHvle 4acmuybl
Ilepenocuuxku: @omonsi (He umerom 3apsaos)

Aodenesan Kanuobpoeounana meopus

k"

Cuia B3auMoOIeiiCTBUSA:

. a
nomenyuan ezaumooeticmauss  V(r) ~ —=




e
I % &%,

¢ | |

"screening” of the charge
+

+ + +

¢ ¥

“anti-screening”

T o+

non

Y é -_++ +I é ++++ abelia
+ 4+ p 5t r
as(r) T ifr | as(r) | ifr]
i 2 g2 3 Ar
Who wins? | as(Q%) = ;— = 11 =2ZN;) @2/ Q~1/r

coupling at some reference scale Q,

1
* Ln(/r)

AccumnTtoTudeckaa cesoboaa:

— 0, mpu » —> 0

Ha manbix pacctosaHuax 3apsag - maneii napametpll!




3KC_ZI'I€pMM€HTCU‘|bHQe noaveepxaeHue

accumnToTuyeckou csoboasbrt

0.5 —
\ 2
[(\ ——~ _ _ Theory | 2 ; 3\
as( Q) . Data ="z = 3
Deep Inclastic Scattering | & a
0.4 e ¢ Annihilation o e
¢ Hadron Collisions 3 T
Heavy Quarkoniz o =
\ ; cavy Quarkonia Jo
\ A s (M)
275 MeV === 0.123
0.3} &i‘% { 220 MeV— 0.119
> L 175MeV —-0.115
w

test of QCD: experimental confirmation of asymptotic

freedom

DIS [pol. stret. fein] —
DIS [Bj-SR] —le—
DIS [GL.S-SR] ——i
T-decays [LEP] o
F5, F3 [V -DIS] —0—
Jets [HERA] —
F, [HERA] — B
ev. shapes [HERA] - B

1
QQ + lattice QCD ok
Y decays —
e" e [Opagl —o

e ¢ |ev. shapes 22 GeV]|
¢ ¢ [Ohadl

€" & |ev. shapes 35 GeV|
e ¢ |ev. shapes 44 GeV|
e” e [ev. shapes 58 GeV]
PP —=bb X

pp. pp =Y X

G(pp— jets)

I(7Z0—had.) [LEP]

Z"ev_ shapes —_o—
ev. shapes 133 GeV [LEP] —CE
ev. shapes 161 GeV |[LEP| »——O—+
ev. shapes 172 GeV [LEP] —o—
ev. shapes 183 GeV [LEP] —o—
ev. shapes 189 GeV |LEP| —po—

0.08 0.10 0.12 0.14
os (Mz)

3apsij1 - EIMHCTBEHHBIN MTapaMeTp, OTIPEACIISIONINNA CUITY B3aUMOJICUCTBUS
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. Getting Started @ Latest Headlines

ureau

Ceo600Hag IHUUKAONEGUS
HaBurauma

= 3arnasHaa cTpaHWua

= PyOpukauma

= MHpekc A — A

= ChyyaliHad cTaTea

= Texkywpme cobbiTka

_ydacTue
= MopTan coobwecTea
= Dopym
= CBEXME NPABKK
= HoBble cTaTbu
= CnpabBka
u [loKepTEO0BaHMA

A0OUEk::

l—
NMepenTu I Haimu I

MHCTPYMEHTEI

u  CCbINkK cloga

= CBAsaHHbIE NPABKK
= 3apysuTe dann

= CneucTpaHuubl

= Bepcua gnanedaTtu
= [ocToAHH&A Cobinka
= LUMTHROBETL CTATHID

_Ha APy Mx asblkax
= Deutsch

= English

= Frangais

= N

= [taliano

s B&EE

= Plattdiitsch

= Portugués
= Tiéng Viét
= h3

2 MpepcTasuTbCa CHCTEME =

cratba | [ oficywaerve | [ npaBmb | [ mcTopwa |

PTEOBANA.

B a8 noxere nomous npoekty BUkMNeaua usmeHuTe mup!

"Ein Klasse System, mein Rickgrat beim Lernen" — Ronald Baumann

KoHdaHMeHT

MaTepuan vz Bukuneguu — ceoBogHON JHUMENONEaMK

KoudpaitHmenT (0T aHrn. confinement — yaepxaHve, yaepKaHUe UBeTa) — ABNEHME B BM3MKE 3NEMEHTAPHLIX YACTUL, COCTOALLEE B HEBO3MOXKHOCTM NONYYEHWUA KEAPKOE B CBOBOAHOM
COCTOAHMM, NPUTOM YTO MMEHITCA BECKUE YKA3aHUA B NONL3Y TOMO, YTO CAMM KBAPKM CYLWECTBYHT KBAPKW X0POLUO ONUCEIBAKT CUCTEMATUKY 3NEMEHTAPHEIX YAacTUL W HaBnaalTCA BHYTPK
HWX B KAaYeCTBe NapTOHOE NpU rMyBOKO HEYNPYIMX CTONKHOBEHWAX.

[na 0BbACHEHWA yaepKaHuA NPeanonaranock, NT0 UBETOBOI 3apag, KOTopeiM 0B1agalT Keapku, MMeeT CBONCTEO Tak HA3LIBABMOr0 aHTU3KPaHUPOBAHUA. AHTWIKPAHUPOBAHWE NPOUCXOAMT
M3-3a TOrO, YTO NEPEHOCYMKM CHALHOMO B3aMMOARNCTEMA, KOTOPOMY NOABEPKeHbl KBApKW, camu 06nafakoT UBeTOBLIM 3apAA0M M CamMU NOPOXAAKT A0N0AHUTENLHOE B3aumogeicTere. B
pesynbTaTe, KBapkv B3aMMOARACTEYIOT TEM CHAbHER, YeM Aanblue OHM ApYr oT Apyra. 3Ta runoTesa xopowo oBLACHANA MHOMME ABNEHMA, B TOM YMCNEe POXAEHWA CTPYH aApoHOE NpY
rnyBoKo HeyNpyY X CTONKHOBEHHUAX.

Bnocnencteuu ata runoTeza okazanack opraHqucmﬁ YacTbH) MATEMAaTUYECKON TEOPUKW CUNBHOTOD E33UMOAEACTEBMA — KBAHTOBOH HPOMOOWMHAMKUKKH.

Kateropuu: Aenenua B mukpomupe | Guzuka snemeHTapHbIX YacTuy,
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‘ KoHpauHmeHT
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