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Tpnuym@d CraHpaptHon Moaenun I
KpaeyrosibHble KamHu CM :

1. dyHaameHTanbHaa cummetpua U(1) x SU(2) x SU(3)
2. DyHaameHTaNnbHble cocTaBasowme 34 — pepMmnOHbDI
LiBeTHble KBapKu & J1enToHbl
3. JlokanbHble KannbposouHblie nona: PotoH, W, Z, G
KaK NepeHOoCUYMKU 3neKTpocnabbix (EW) m
cunbHbiX (QCD) B3anmopeincTeum
4. dyHpaameHTanbHoe ckanapHoe noae H (EBH)

5. CnoHTaHHOe HapyweHune EW cummeTtpun
6. HeBblneTaHMe KBapKOB U3 A4POHOB
KoHdanHmeHT LiBeTa



Bknag, yyeHbix Poccuun, B Tom yncne [1y6Hbl

KannbpoBoyHaa MHBApPUAHTHOCTb (POK)

CocTtaBHas Npupoaa anemeHTapHbIX Yactuu, (Mapkos, OKyHb)
KBaHTOBaHMe HeabeneBbix KannbpoBouHbix nonen (Papaes, Monos;
CnasHoB; [pnboB)

[MpMHUMN NEPEHOPMUNPYEMOCTU U MUKPOMPUYNHHOCTU NMPU
noctpoeHnn S — matpuupbl (borontob6os)
[MepeHoc NpUHLKMNA CMOHTAHHOTO HAPYLEHNA CUMMETPUN U3 PUINKU
KOHAEHCUPOBaHHbIX cpe B GU3MKY 31eMeHTapHbIX Yactuu, (boronto6os)
PeHopMrpynnoBasa MHBapPMAHTHOCTb Kak OCHOBA ABNEHMUSA
acumnToTnyeckom ceoboabl 8 QCD (Borontobos, LUnpkos, J/loryHoB)
BBeseHne HOBOro KBAHTOBOIO YMC/1a KBAapKoB (L,BeTa)

(borontob6os, CTpyMMUHCKUIN, TaBxennase)
[MapacTaTUCTUKA KaK a/ibTeEPHATUBA BBEAEHMA LBETa KBAPKOB
(Bonkos, loBOpKOB)
AsneHune ocunnnAuMmn HeuTpuHo (MoHTeKopso, buneHbkun, NPmnbos)



(1964)
M.l'enn-MaHH n [1xK.UBeunr
Moaenb KBAapKOB KaK rmMrnoTeTu4ecKnx CoCTaBAAOLLMNX
aZlpOHOB

(1965)
H.H.Borontobos, 6.B.CtpymnHckuu, A.H.TaBxenunase
Han M.-Y., Nambu Y.
Freund P.G.O.
Miyamoto Y.
BBeageHMe HOBOTro KBAHTOBOIO YMcaa KBapKoB (LiBeT)
KaK NyTb K pa3peLweHnto NpoTUBOPEUMa Mexay CNMHOM

M CTaTUCTUKON KBApPKOB



Spin-Flavor Symmetry SU(6)
The low — lying octet of baryons (p, n, etc.)
belongs to the fully symmetric 56-multiplet

* Do quarks behave themselves as bosons ?!
 Example: The Nucleon magnetic moments

Proton  p' . (Z/TZ/TJZN), (z/Tz/%/T)

Weights: 2/3 1/3



* Example: The Nucleon magnetic moments

(cont’d)
U, =§(2M” —Md)+§ud =%(4M” _Mg/)=§
7
S =%(2M¢z _M”)"'%M” =%(4ud _M”)=—§ 22
q

w, /w,==3/2/

Why £,=£,=£ ~m, /37



Problems and Questions:

* Nobody have seen the quarks in experiments.
* Does it mean that quarks are very heavy?

e \What is the reason for the enhancement of the
quark magnetic moment if quarks are heavy?

* H.Lipkin, A.Tavkhelidze: The interaction forces
binding quarks in hadrons are scalar forces.

* Hypothesis: Free quarks are very heavy.

But quarks inside hadrons are effectively light and
the quasi-independent (Pavel Bogolubov)

“The Archimedes bath” (Abdus Salam)



KBapKu Kak napadepmuoHbl paHra p=3

Greenberg O.W., 1964

Green H.S. (1953)
Volkov D.V. (1959) Chernikov N.A. (1962)

Kamefuchi, Takahashi (1962)

v(r)= S, (4



KBapku Kak napadepmuoHbI paHra p=3

(26 1)

(co

nt’d)

=0

_) = 1'61/..6(/1”—)/)



MapacTaTUCTUKa U BbIPOXAEHME NPU HANNUYUMN
P — 3HA4YHOMU 3KCTPaA cTeneHn ceoboabl

(1966) Greenberg, Messiah; A.B.floBopKoB

[Mpeobpa3oBaHue KnenHa (1938) K HOpManbHbIM
KaHOHMYECKMM NepecTaHOBOYHbIM COOTHOLIEHUSM:

y, =0 0=4K, (K, K }=0,{K K }=3,

/4

Teopema A.lfoBopKoBa (1966):

Teopusa napanosael npu 8bIMOAHEHUU CMAHOAPMHbIX
mpebosaHuli nokanvHoU KTIl 3KeusasneHmMHa meopuu p-
KPamHO 8bipoxOeHHbIx 0bbivHbIX nosneli ¢ SO(p) cummempued,
a npu 00MosHUMETbHbIX 02PAHUYEHUAX - HO 8bibop hyHKUUU
Yatiimma+Ha SU(p) cummempuu.



MexaHu3m yaep*KaHnA KBAapKOB:
Ctporune npuHuunol KT n
JBPUCTUYECKME moaenn

Ponb peHOMEHONOTNMYECKUX NPeACTaBAEHNIN O HATAHYTbIX
CTpYyHax (Strings), cBA3bIBAIOLWMX KBAPKU U aHTUKBAPKMN,
nonoctax (Cavities) KoHeyHoro obvema V ¢ AMHAMUNYECKU
nedopmmpyemoun obonovykomn S=dV, BHYTPU KOTOPOWU
3aK/IH0OYEHbI LBETHbIE KBAPKU U I/THOOHDI.



Magnetostriction of the Quark Bag and Hadron Polarizability

The Quark Bag surface as the dynamic degree of freedom
The dynamically deformed form factors (Markov )

—_

E(R,H)=E,(R)+ Hii(R)+ O(Hz) ¢ Nucleon )

4 1 IE (R, H
£,(R)= ?“1? B+}A/[0LS(A’)],' (a/? )=0
ﬁ(]?)=< fa’3r%/7xfp?gxp> —eCR-J
nicleon
dE(R\H\,H
ﬁH — (db(rz ) ) o ( ) /E _g;t/3 NIO—S/m3

,dWu e GE
o = plrm=259 £o =

/4

= 44" (4n5)




Automodelity Principle and Power Scaling
Laws in Particle and Nuclear Physics (MMT)

M.A. Markov (1964): Point-like character of the total cross sections
of the lepton — hadron interactions at high energies.

o _=0_ -Point-like structure of the Nucleon
Di-muon production in HE hadron collisions (1969)
Quark Counting Rules (1974)
Quarks Degrees of Freedom in Nuclei (1975)
Deutron as the 6-quark System (1977)
Hidden Color in hadrons
The Multi-quark Systems

The ChromoHydroDynamics



