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Summary 
The electromagnetic interaction in the dynamical chiral 

~u3x~u3 symmetry is investigated by the e~~ective Lagrangian 
method. 

\le assume that the hadron e.m. vertices are desribed by 
the e~~ective :Lagrangian £emvrith trans~ormation·proper'ties. 
of conventional e.m. interaction.·These properties are marii

fested as. the invariance o~ £em. under the group [U2 x U.:eJ.~, . 
ylhose algebra {)onsists .o~ neutral SUJ"X su

3 
generators (2. 7). '1 

The conventional su3 x su3 - current algebra is usually 
believed to ~ail to describe the processes o~ the second order 
in e with pseudoscalar mesons /2,J/. We argue that the 
difficulties o~ this kind do not originate· ~rom the 'reqUire-. 
ment of the (U2 x U,a]N- invariance and can be removed in 
the reasonable way. 

The .experimentally wrong mass formula (J.J) by Dashen/J/ 
o· ' arises from using the nonderivative Lagz:angian A.;t:em. to 

describe the e.m. mass-shift of ·pseudoscalar mes'ons. We 
suggest the model of L\;t:em with two· derivatives, in which 
there are no contradictions. This model corresponds to the 
"current-mixing~' model ,for the e~m. violati~~·~f su

3 
~d 

gives the reasonable estimate (J.4) for _the 1f -p transition 
parameter. · 

· In application to the P-+311 decay, the assumption about 

the [U2.x URJ,v -symmetry of e.m. 7i0
- E ·. and ?-P37ftransi

tions leads to the satisfactory xesults provided the appreciab
le derivative 'TT?'ii2 -interaction (4.1) exists (with the 
coupling constant f1

1
frv4-:-5/B/)• The simplest possibilities 

to obtain this W?1f? -coupling are to include the. triple 
~ (549)- X0

(960) - E(l420) mi:id.ng (if the X0 and £ 
are pseudoscalar~) or to insert the derivative symmetry brea
king term in the e~fective Lagrangian of strong interaction. 

The assumption of the [U,i X U.zFsymmetry in the 71D- rr. 
and P-f{ · decays does not cont~adict the experiment if the 

f-}7/ mixing is taken into account consistently (see eqs. 
(4.2), (5.5), (5.7) (5.8) ) •. 

The conclusion is that,. at the present time.there are no 
sufficient reasons for giving up the constructive reqUirement 
o_f the [U.2XU.z]N -symmetry of the hadron e.m. interactio~ at 
low energies. 
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1. BseAeHHe 

TipeACTasneHHSI o npH6nH)KeHHoil: llHHaMH"'eCKoil: SU(3)x: 

CHnbHbiX B3aHMOAeHCTBHfi HCDOnb3YIOTCSI npH HC?,·cneJlOBaHHH 9 

HbiX H cna6hiX asaHMOileiicTBH~ aJ:tpoaos. TipH· onHcaHHH; sneK 

npoueccos sTop.oro nopSIIlKa no_ e , TaKHX KaK sne~TpoMarHH 

MaCe B OKTeTe UCeBJlOCKanSipHbiX Me30HOB, pacnaJlbl "1 -> 311 

"' .... yy , B SU(3)xSU(3) - anre6pe TOKOB B03HHKaeT PM T] 

/1-3/ 
Topbie ·lliHpOKO o6cy:M<JlaiOTCSI a nHTepaType • B aacTOHlll• 

BOJlHTCSI KpHTH"'eCKHH aHanH3 9THX TpyJlHOCTeil: C llOMOlllbiO .N 

HbiX. narpaH)I{HaHos. HcnonbsoaaHHe · npocToro SI3biKa narpaH:M< 
• . J . • 

ll03BOnSieT 06'bSICHHTb llpH"'HHbl B03HHKHOBeHHSI pasmi"'HbiX Dpl 

re6pbl TOKOB H Hail:TH B HeKOTOpbiX cny"'aSIX npHeMneMOe pe 
. . 

B rnase 2 HCCnellyiOTCSI Tpafic.popMaUHOHHbie CBOHCTBa 

narpaH:M<HaHOB . sneKTpOMai"HHTHbiX B3aHMO)lei!:CTBHi!: fem ' B • 

MeTpHHo TioKa3aH0 0 "'TO MHHHManbHbJi!: 3neKTpOMai"HHTHbJi!: nai . . 

nOny"!eHHbii!: C TIOMOlllbiO 3aMeHb; a ... a ±!ie({ · H3 narpaH)KJl 
. -·PI! I!. 

B3aHMOJleHCTBHi!:, HHB8pHaHTeH OTHOCHTenbHO npeo6pa30BaHHi!: 

Heil:TpanhHbiMH reaepaTopaMH rpynnhi SU(3)xSU(3) • Hallie sa1 

a TOM, "'TO 9TH reaepaTopbi o6pasyroT anre6py noJ:trpynnhi ['I . . . 
rpynnhi SU(3) xSU(3) • 06hi"'Hhie npeJlnono)KeHHSIO csoi!:cTBa:ll 

. - /1-3/ 
HHTHblX B3aHMOJleHCTBHH aJlpOHOB MO)KHO c.PopMynHpOBa~ 

( 3 
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I , 1. BaelleHHe 

flpellCT8BlleHHSI 0 npH61IH>KeHHOii llHHaMH'IeCKOil: SU (3) xSU(3) -CHMMeTpHII 

CHllbllbiX B3811MO)leil:cTBHii IICUOllb3yiOTCSI np11 HC:CllellOBallllll SlleKTpOM8I'HIIT

llh!X H cna6hiX B38HMOlleiicTBHH a)lpoHoB. llpH· onHcaHHH. sneKTpoMai'HHTHhiX 

npoueccoa aTopoi'o nopSillKa no e , TaKHX KaK sne~TpoMai'HHTHhiii CllBHI' 

0 
M8CC B OKTeTe nceBllOCK81ISipllb!X Me30HOB 1 pacnallhl '1/ ... 3rr 1 17 ... yy 

'1/ ... yy 1 B SU(3)xSU(3) - ani'e6pe TOKOB B03HHKaeT pSill TpyllHOCTeii, K0-
/1-3/ . 

TOpbie II!IIpOKO o6cy:>Kll8IOTCSI B liHTepaType o ~ U8CTOSilllefi pa6oTe npc>-

BOllHTCSI KpiiTH'IeCKHii 811811113 STIIX TpyllHOCTeH C UOMOlllbiO ·MeTOll8 s!fl!fleKTIIB

llbiX. l18I'p8li>K118U0Bo 11cnOllb30B8HHe · npOCTOI'O SI3h!Ka_ l18I'paH>KeBa UOllXOlla 

U03BOliSieT 06'bSICHHTb npH'IHllbl B03HHKHOBeHHSI pa31111'1Ub!X npOTHBOpeliHfi an

I'e6pb! TOKOB II li8HTH B HeKOTOpb!X Clly'laSIX npHeMlleMOe pellleHHe o 

B I'llaBe 2 HCCllellyiOTCSI · Tpaac!flopMaUHOHUhie caoiicTaa scf!!fleKTHB.HhiX 

nai'pali:»<HaHOB sneKTpOMai'HIITllbiX B3811MOlleiiCTBHii fem B SU(3) xSU(3) -CH·M-
. . . . I 

MeTpHIIe floKa3aH0 1 'ITO. MIIHIIM8llbllblii sneKTpOMSI'liHTllhlii l18I'p8li>KH8ll .·f::m n 

UOnylJellllbiit C UOMOlllb!O 38Mellhl. a ... a ±!ie(J.' · H3 l18I'p8li>KHalla CHllbllbiX . . p p p 

B38HMOlleiiC::TBHii, HHBapHaHTeH OTHOCHTellbHO npeo6pa30B8HHH1 nopO>KllSeMbiX 

aeiiTpallbHhiMH I'eHepaTopaMH I'pynnhi SU(3)xSU(3) • Hame saMe'laHHe cocTOHT 

B TOM, 'ITO STH I'eHepaTOpbl o6pasyroT ani'e6py UOlli'pynnhi ('U(2)x'U(2)]N . . . 
I'pynnhi SU (3) x SU(3). • 06hi'IHhie npellnono>KeHHSI o caoiicTaax sneKTpoMai'-

- . /1-3/ 
HHTllbiX B38HMOlleHCTBHfi a)lpOHOB MO>KHO c!flopMyliHpOB8Tb B npOCTOfi 

( 3 



H TO'IHOH <f>OpMe KaK Tpe6oBaHue ( U (2) x'U(2)]N- liHBapnaHTHOCTU a<fl¢eKTHB-

HhiX narpaHN<~aHOB S:. em • Dpn n~Heapn3aunn rrpeo6pa3oBaHnil rpyrrrrbi 

SU(:J) x SU(3) Ha noarpyrrrre SU(3) [ U(2) x'U (2)] N -CHMMeTpHH BKliiO'IaeT 

B ce6n o6hi'IHyJO Knaccn!f>nKaunro no "U - crrnHy, .Unn cnyqan nnHeapu3aunn 

Ha rroarpyrrrre H30CIIHHa H rnrrep3apf(}:(a SU(2) X y . Tpe6oBaHne [:U(2) x'U(2J] N 

- ·nHBapnaHTHOCTH S!_em IIpHBO}:(HT 11Hllib K llHHaMH'IeCKHM COOTHomeHHSIM 

MeN<}:(y 81IeKTpOMai'HHTHb!MH rrpoueccaMH C pa3Hb!M 'IHC1IOM 'laCTHU1 HaiipHMep, 

"
0 -11 n 1f .... 3" rrepexoaaMn. 

B rnaae 3 nccnellyercn aneKTpoMarHHTHbiil CllBHI' Mace rrceBaocKanSip

HhiX Me3oHoB B SU(3) x SU(3) - CHMMeTpnn, orrnchiBaeMhiil a!f>!f>eKTHBHhiM 
A·Q n1 . 

narpaHN<HaHoM Li.Lem , B anre6pe ToKoB .UameHoM rrony'leHbi npornBo-

pe'lamne 8KCI1epHMeHTy COOTHOllieHHSI MeN<}:(y 81!eKTpoMaPHHTHbiMH pa3HOCTH

MH Mace " - n K - Me30HOB, Mbi rroKa3hiBaeM, · 'JTO 8TH TPYllHOCTH HMeiOT 

MecTo numb B Moaenn L'!.·S:.em 6~3 rrponsBollHhiX noneil, B pa6oTe npeana-

raeTCSI MOAellb narpaHN<UaHa !1·£ em C ABYMH IIpOH3BO}:(HbiMH 1 B KOTOpoii· npo

THBope'IHSI He B031IHKaiOT, HCII01Ib30BaHHe CBSI3ell C I1pOH3BO}:(HhlMH COOTBeT

CTByeT CXeMe "cMelliHBBHHSI TOKOB" llliH 81!eKTpoMai'HHTHOI'O HapymeHHR 

SU(:J) - CHMMeTpun n aa_eT p~3YMHYIO oueHKY· napaMeTpa " 0-11 nepexolla: 

g = _l_m2 (m-2+ -m -o2· )+ _J_ m2 (m7""2o_m-+2 )- ~0,05 
7T1f{J" 77 77. {.j KKK-

rae g 7T1f - K08tPtPHUHeHT IIpH 'llleHe - all7T 0all 1f B 

fnaBa 4 IIOCBSillieHa IIpo6neMe pacrra}:(a 

L'!.f!.em 
/4-7/ 

1f ->:377 

6 
m1 · . 

J:tymeil pa OTe 6hl110 IIOKa3a!I01 'ITO B paMKaX SU(2) x SU(2) 

y'leT B aMrrnHTya_e 1f .... 3" - rpa!f>HKa, BK1IIO'Iaromero "Tf 

B Hameil npeJ:tbi-

- CHMMeTpHH 

~paccennHe 

c rrpoH3BOAHhiMn, aaeT B03MO)!{HocTb nony'IHTb YllOBlleTBopnTenbHoe orrncaHne 

KaK pacnpeaeneHHH Ha }:(HBI'paMMe .Uannua, _TaK H riapUiallbliOH lliHpHHbi 8TOI'O 

pacnaaa. OaHaKo .B SU (3) ·xsU(3) noa06Hbiil aHanns BcTpe'laeTcn c cymecTseu-

HhiMH TPYAHOCTHMH1 KOTOpbie CBH3aHhl' C TeM, 'ITO B TOIJHOH 'SU_(3) x'SU(3) -· 

4 . 

CHMMeTpHH B3aHMO}:(eHCTBHe 7TTf87T'-q8 3arrpemeHo, a IIpH y'leTI 

C }:(eBSITbiM IICeB}:(OCKallstpHbiM Me3oHOM B03HHKaiOT CTpOI'He 

rrapaMeTpbi "Tf - paccenHHH, Bo3MON<Ho, 'ITO o6'bHCHeHue 

'IHH CBSI3aHO C Heo6XOllHMOCTbiO y'leTa CMelliHBaHHH 1f - r, 

MeHHO C X0(960)- u E (1420) - Me3oHaMn, Mbi OTMe'la' 

apyroil B03MON<Hblll BblXOll 3aK1IIO'IaeTCSI BO BBe}:(eHHH Hapyml 

HbiMH B narpaHN<HaH CHllbHbiX B3aHMOlleHCTBHH," 

B rnaBe 5 paccMaTpHBarorcn pallnauHoHHhie pacrraahi 

HOB, IloKa3aH01 'ITO· Tpe6oBaHHe [U (2) X 'U(2J]N- HHBapnaHTH< 

COB He IIpHBOllHT K rrpoTHBOpe'IH~ C 8KCIIepHMeHTOM 1 eC1IH.l 

y'leCTb CMelliHBaHue 1f B C }:(eBSITbiM IICeB}:(OCKaliSipHb!M Me3 

B rrpnnoN<eunn orrncaH rrpocroil MeToll rrocrpoeHHSI 1IHHI 

lliHXCSI BeliH'IHH C 3allaHHb!MH TpaHc!flopMaUHOHHbiMH CBOHCTBI 

HhiX peannsaunHX rpyl!rrhi SU (3) x SU(3) 

2, Tpauc!f>opMauuoHHhie CBOHCTBa a!f>!f>eKTHBHI 

aneKTpOMai'HHTHbiX. narpaH)I\HaHOB B KHpa; 

SU(3)xSU(3) -CHMMeTpHH 

npn .aHa1IH3e CB.OHCTB aneKTpoMai'HHTHOI'O BSaHMOi:teil:c 

'leCKoil SU(3) x SU(3) - CHMMeTpnn Mhi 6yaeM ucrronb3oBaTl: 
/9 10/ 

reopnn uennueilHhiX peannsaunil ; ' . • 

Anre6pa rpyrrrrhi SU(3) xSU(3) c<;mepN<HT 16 reHepaToJ 

H F5 0=1,,.,,8) 
I 

06o3Ha'IHM reHe.paTophi noarpyrrrrhi 

rrponcxoanT ·.nnHeapnsaunH rpynrroBhiX rrpeo6pasoBaHnil, qepe: 

TallhHhie reHepaTophi - qepes A f • Hennueiluoe npeo6pa.:: 

SU(3) xSU(3) llliH I'Oli}:(CToyHOBCJ<:HX rroneil e f 
/9/ 

o6pasoM : 

g exp(ieAJ=expUe'ce,g)'A l exp[!i"U(e, g) v], 

5 

orrpeaen_HeTc 



HHBapnaHTHOCTH 9~~9KTHB

peo6pa30BaHHH rpynnbi 

-CHMMeTpHSI BKniO'IaeT 

Qng cnyqag nHHeapH3aUHH 

Tpe6oaaane [.'U(2)x'U(2)]N 

tMH'I9CKHM COOTHOW9HHSIM 

c~anr Mace ncea~ocKanstp

biBaeMbifi 9~~9KTHBHb!M 
121 

IOM nony'leHbi npoTnao-

rpoMai'HHTHbiMH pa3HOCTSI

TO 9TH Tpy~HOCTH HM9IOT 

nonefi, B pa6oTe npe~na-

113BO~HbiMH, B KOTOpOfi npo-

C npOH3BO~IlbiMH C00TB9T-

arUHTHOI'O UapyweHHSI 

:apaMeTpa rr0- 71 nepexo~a: 

05 ' ' 

A£e~ .. . • 
'rr··· · I 4-7 I 
' B nawefi npE7~b!-

IU(2) X SU (2) - CHMM9T}lHH 

lWero "71 ..;paccestnll:e 

:mneTaoimTenbnoe onucaane 

riapwanbHOH WHpHilbi 9TOI'O 

3 BCTpe'laeTCSI C CYW9CTBeH-

B TO'IHOfi SUJ3) x'SU(3) 

CHMMeTpHH B3aHM0~9HCTBH9 TT7Js1T7JB 3anpeweHO, a npn yqeTe CM9WHBallHSI 7Js 

C ~eBSITb!M nceB~OCKanstpHh!M M930HOM B03HHK8IOT CTporne orpaHH'I9HHSI Ha 

napaMeTpbi "71 - paccestHHSI. BosMO*Ho, 'ITO o6'bstCHeHIIe aTnx npoTnaope-

'IHH CBSI3aHO C He06XO~HMOCTb!O y'leTa CM9WHBai!IISI 7J - M9301l8 O~HOBpG-

M9HHO C X0(960)- n E (1420) - Me3oHaMn, Mbi OTMetiaeM TaK*e, 'ITO 

~pyroJI: B03MO)I{Hb!H Bb!XO~ 3aKniO'IaeTCSI BO BB9~9HHH HapyweHHSI C npOH3BO~

I!biMH B narpaU)I{HaH CHnbl!biX B3aHMO~eJI:CTBHJI:o' 

B rnaae 5 paccMaTpiiBaiOTCSI pa~naulloHHbie pacna~bi 170 
- 11 TJ -Meso-

noB, noKa3aHo, 'ITO· Tpe6oaaHHe [U (2) X 'U(2)) N- HIIBapnaHTIIOCTH 9THX npouec

COB He npHBO~HT K npOTHBOpe'IHIO C 9KCnepHM9HTOM, ecnu nocne~OBaTenbi!O 

yqeCTb CM9WHBai!H9 7J B C ~eBSITbiM nceB~OCKannpHbiM M9301IOM, 

B npnnomei!HH onncaa npocTofi MeTo~ nocTpoei!HSI nnHeiiHo npeo6pasyro

wnxcst BenH'IJIH C 3a~aiii!blMH Tpa!IC~OpMaUUOIIIIbiMJI CBOfiCTB8MH B l!ennHeii-

HbiX peannsaunstx rpy~nbi SU (3) x SU(3) 

2, Tpaac~opMaunoH!Ibie caoiicTaa a~~eKTIIBIIbiX 

aneKTpOMai'IIIITHbiX narpaH>KHaHOB B Kllpanbi!OH 

SU(3)xSU(3) -CUMMeTpnn 

npu .aaannse CBOHCTB aneKTpOMarHHTHOI'O B38HMO~eii:CTBHSI B AHHaMH

'IeCKOH SU(3) x SU(3) - CHMMeTpnn Mbi 6y~eM ncnonbsoaaTb MeTO~bi o6weii 
./9 101 

Teopnn aennaefiHhiX peannsauHH · ' . • 

Anre6pa rpynnbi SU(J) xSU(3) co~ep*HT 16 reHepaTopoa: F 1 

H F5 0=1, ... ,8) 
I 

06osHa'IHM reaepaTopbi no~rpynnbi J{ Ha KOTOpOJI: 

nponcxo~nT nnaeapnsauHsi rpynnoahiX npeo6pasoaaanfi, .qepes V a , .a oc~ 

TanbHble renepaTOpbl - qepes Ae- • Hennaeii:Hoe npeo6pa30B.ai!He rpynnbl 

SU(3) xSU(3) ~nn ron~cToyHOBC~HX noneii e e 
191 

o6pasoM : 

onpe~ensteTCSI. cne~yiOIUHM . 

(2 ,1) 



r.lle ~·A~ I. ~o· A o , U V= I.'U V ' e t. t. a a a 
Tipii aTOM nro5oe ,llpyroe none W 

W'= exp[!i'U (~;g)V ]W, 
a · a 

g - npOH3BOnbHh!ii:SneMeHT rpynnhi, 
/9/ 

npeo5pa3yeTcB no aaKoHy 

(2.2). 

I'.lle Va - MaTpHUa nHHeii:HOI'O npe,llCTaeneHH.II nO.lli'pynnhi }{ . .llnB non~ w 
11HeapHaHThi HenHHeii:Hhix· peanH3aUHii: SU(3) x SU(3) cTpoBTCB H3 Ko-

. /9 10/ x/ 
BapHaHTHbiX npOH3BO.llHhiX I'On.llCTOYHOBCKIIX noneii: ' : 

DIL ~£ =-dSp[Aeexphi~·A)aiLexp( i~A)], . (2,3} 

" /9.10/ 
a TaK)Ke 113 nonen W II HX KOBapHaHTHhiX npOH3BO.llHbiX 

D W =I a + V Sp[ V exp(-1i~A)a exp(ifA)]IW. 
IL fLU a IL . (2.4} 

-Tipe,llnonara~TCH, 'ITO a!fllfleKTHBHhiH narpaH)!(HaH CHnbllbiX B3aHMO,lleii:-

CTBHii:: 

·.f =·f. (D~,W,DW) +f (~, W) ~ 
·st tnv ·s.b. (2,5} 

COCTOHT 113 SU(3) X SU(3) 

CHMMeTpHID qneHa f.s.b. 

uHeapuaHTHoii: qacTu •.f inv u 11apymaromero 
' /11/ 

• B cxeMe renn-MaHHa, OaKCa H PeHHepa Ha-

pymeHue npuHa.llne)KHT npe.llCTaeneHHID. cs.a"> @ (S,3}. rpynnhi SU(3)x'SU(.3) 

Ml:i:HIIManbHoe aneKTpoMarHHTHoe eaauMO.lleii:cTeue a.llpOHOB onpe,llengeTCB 

no narpaH*HaHy ·.f·st C noMO~biD. CTaH.llapTHOH 3aMeHhi: 

( ~A) (~·A) a" .... a" 
w w 

. ([ Q, ~A]j;· 
+ !l eGI' _ ·. 

QW 
(2.6} 

r.lle <1 (x) - aneKTpoMarHHTHoe none, a Q n Q - onepaTopbi aapH.lla .llnB 1 IL . I 

noneil ~ u ·W • no onpe,lleneHuro, onepaTop 3apH.lla KOMMyTupyeT .. co ace..! 

MH Heii:TpanbHhiMH reHepaTopaMu SU(3) x'SU(3) • 

x/ 
feHepaTophi 

Sp(A(A k )= 8fk 

SU (.3) x·SU(.3) . Bhi6paHbl OpTOHOpMHpOBaHHbiMH: 

s (V ·v J= a Q. ,paf3 a,_. Sp(~ Va )=0. 

6 

i 

Cne,llyeT. o6paTHTb BHHMaHHe Ha TO, 'iTO Heii:TpanbHhie 

·ut = F6 ·rr; =Fs .. 
6 

·u2 =F7. ·u5 
=F 

2 .. 57 

. 1 -. 
U3 =2(\/.3 FB -F3) 

5 -·u3 = LN 3•F5 -Fs J 
2 8 3 

1 Q = F3 +-= FB 
y.3 

1 F. Qs. =~3 + V:Y ss 

o6pa3yiDT anre6py no.llrpynnhi 'U (2)x'U(2) rpynnhi SU(3) x 'SU (3 

3Ha'IHM STY nonrpynny CUMBOnOM [ U(2) xU(2J]N, feHepaTOpl 

onpe.llenBIDT· anre5py no,llrpynnhi 'U - cniiHa, a 'U/ , 'U ~ , ·1 

STy anreopy .llO SU (2) X SU (2) , _Gnepa TOphi Q H Q s_ KOMMy 

MU OCTanbHhlMII I'eHepaTopaMII [ U (2) xU (2)] N 

Hac nHTepecyiOT TpaHc!flopMaUIIOHHbie ceoiicTea ·MHHHM 

MarHIITHoro eaaiiMO.lleiicTBHB B rpynne SU(3) xSU(3) • Tipu 

B !3hlpa)l<eHUHX JlnB KOBapHaHTHhiX npOH3BO.llHblX (2,3} H (2,< 

.llOOaBO'IHhle 'lneHhl 

D ~n ... D ~0 +e<1 (x)Sp[.A0 exp(-d~A)Qexp(>ifAJ], IL L IL L IL . L . . 

D w .... n W+!ieG (x)Sp[V exp(-li~·A)Qexp(i~AJ]V W. 
IL IL Jl a a 

11cnonbayg !flopMyny (2.1}, HeTpy.llHO npoeepuTb, 'ITO npu .llE 

no.llrpynnhi ['U (2) x·u (2) ] N STH .ll06aeo'IHbie qneHhi npeo6paayro 
. . 

Dp.~£ II Dp.W • Cne.llOBaTenbHO, BhiPa*eHIIHr (2.8} II (2,9} 

'KOBapiiaHTHhle npOU3BOllHhie"' OTHOCUTenbHO Hen~Heii:HbiX npE 

no.llrpynnhi ['U,(2) x 'U(2) ]N • TaKHM o5pa3oM, ecnu 6 ·su(.3) xSU, 

HOM narpaH)I(HaHe fin v (D ~, D W , W ) c,llenaTb 3aMeHy (2 
,f<l Qmin 

Hoe Bbipa)l(eHIIe .t.inv +.t.em C HeOOXO.lliiMOCTbiD. 6y,lleT ['[ 

IIHBapHaHTOM. 
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llbHhiH aneMeHT rpynnbi. 
/9/ 

10 aaKOHY 

(2.2) 

lli'pynnbi J{ . l{n51 non51 'P • 

SU(3) CTp051TC51 H3 K0-
'9,10/: x/ 

/9.10/ 
lHbiX 

. (2.3) 

(2.4) 

!aH CHnbllbiX B3aHMOl{eii-

(2.5) 

'f;nv H napywarowero 
Ill/ 

•·. OaKca H Penuepa ua-

(S,3) rpynnbi SU(3)xSU(3) • 

=T~He allpouoa onpellenSieTCH 

aaMeHbi: 

(2.6) 

.:.. onepa-ropot 3apst.na ltns 

a KOMMyTHpyeT .. CO BCe-

. • 
I 

I 
I 

Cnel{yeT o6paTHTb BHHMaHHe Ha TO, 'ITO UefiTpanbHbie reuepaTOpbl 

·u1 = F6 

D2 =F7 

·a; =Fs 
6 

.. 
·u 5 

=F 
2 . 57 

. 5 1 7 U3 =-N3•F5 -F5 ) 
2 8 3 

o6paayroT anre6py nollrpynnbi U (2)xD(2) rpynnbi SU(3) x SU (3) 

(2.7) 

• Mbi o6o-

3Ha'IHM sTy noarpypny CHMBOnOM [ U(2) xD (2)] N• fenepaTOpbi'U 1 t U2 ,·u 3 

6 ·u ·us ·us ·us onpel{enSIIOT· anre py nollrpynnbi - cnuna, a 1 , 2 , 3 pacw~p51IOT 

sTy anre6py llO SU(2) xSU(2) • OnepaTophi Q H Qs_ KOMMYTHpyroT co ace

MH OCTanbHbiMH reuepaTopaMH [U(2)x'U(2J]N 

Hac HHTepecyroT Tpauc¢opM8UHOHHbie CBOHCTBa .MHHHManbHOI'O aneKTpo

Mai'HHTHOI'O B3aHMOll9HCTBH51 B rpynne SU (3) xSU (3) • npu SaMe He (2.6) 

B ~bipa>KeHH51X l{n51 KOBapHaHTHblX npOH3BOllHb!X (2.3) H (2.4) ll051Bn51IOTC51 

llo6aBO'IHhie 'lneHhi 

D g 0 ... D g 0 +e<l (x)Sp[.A0 exp(-dgAJ.QexpfigA)], p L p L p · L . 
(2.8) 

(2.9) 
) 

l1cnOnb3Y51 <f>opMYny (2.1) 1 HeTpyllHO npoaepH'rb 1 'ITO npH ll9HCTBHH aneMelJTa 

nollrpynnbi CU (2) x·u (2) ] N 9TH ll06aBO'IHbie qneHhi npeo6paayroTC51 nol{o6uo 

Dp g e H D p 'P • CnellOBaTenbHO, Bblpa)!{8HH51r (2.8) H (2.9) onpel{en51IOT 

"KOBapHaHTHble npOH3BOllHbie" OTHOCHTenbiiO HenHHSHHbiX npeo6pa30BaHHll 

nol{rpynnbi [·u (2) x ·u(2) ]N • TaKHM o6paaoM, ecnu a SU(3) xSU(3) · - HHBapuauT-

HOM narpaH*Hane finv(Dg, D'P ,'P) cl{enaTb aaMeHy (2.6), To nonyqeu-

,I<J Qmin 
uoe Bbipa)!{elJHe .L;nv +.Lem C Heo6XOllHMOCThiO 6yl{eT ['U(2)x'U(2)] N -

HHBapHaHTOM • 
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MnHnMa1!bHhiil: aneKTpoMai'HHTHhiil: narpaH)I{HaH ·!f.min 
em 

MO)KeT 6hiTb 

npencTasneH B cn;nyromeM anne: 

(<)min • ~ 3 1 . 8' 2 ~ . ~ /: 
.1.. =!Ieu,(x)(J, +-], )-e u (x) u (x)S(.,,'I'), 

em r . r y3 . r p. p. (2.10) 

I'Ae 1
3 

H 1 8 
- KOMUOHeHThl OKTeTa BeKTOpHhiX TOKOB 0 a tPYHKUHSI S (e,'P) p. p. 

UOSIB11SieTCSI H3 6H1!HHeil:HbiX no ap. 'I11eHOB B !f_·st H o6nanaeT TpaHc!flop-

M8UHOHHhiMH CBOil:CTBaMH npSIMOI'O npOH3Be}:leHHSI Q@Q 

XoTSI naPpaH)KHBH ·!f. ;:'~n SIB1JSI9TCSI ['U(2) X 'U (2)) N- HHBapnaHTOM0 

['U(2)x'U(2) ) N- CHMM9TpHSI MO)KeT HapyiiiaTbCSI B 91JeKTpOM8I'HHTHb!X npo

ueccax na-aa 'roPo, 'ITO Hapymaromnil: ·su (3) xSU (3) - CHMMeTpnro qneH 

!f..s.b_( e, 'I') narpaH)KH8Ha CH11bHhiX B38HMO)leil:CTBHH (2.5) B o6meM c~y'Iae 

KOMMyTnpyeT T01JbKO c onepaTopaMn naocnnHa ·f n rnnepaapSina Y • no

cnenosaTenbHO y'IeCTb HapymeHne ['U(2) x'U(2)] -CHMMeTpnn HeB03MO)KHO 6ea 
, . . N . . . . . 

aii:aHnSI ilnHaMHKH CH1IbHhiX saanMoneil:cTsnil:. B paMKax ¢eHoMeHonoPn'IecKoro 

UOAXOA8 npHXOAHTCSI Bh!ABHI'8Tb AOU01JHHTe1!bHhie npeAU01JO)K9HHSI 0 CBOil:CTBaX 
. ~ 

CHMMeTpn.n n c·noco6ax ee napymeHnSI. C!flopMynnpyeM ocHoBHhie npennono)Ke-

HHSI, KOTOphie B pa311H'IHOil: !flopMe 'I8CTO HCn011b3YJOTCSI npn aHa1JH3e 9119KTpo

M8I'HHTHhiX B38HMOAeil:CTBHi1 B AHH8MH'I9CKOil: Klipa11bHOil: CHMMeTpHHo 

A. PaccMaTpnsaeTcSI !fleHoMeHonornqecKoe.npencTasneHne aMnnnTyA 

911eKTpOM8I'HHTHbiX npouecCOB 11J06oro nopSIAKa no e B BRAe COBOKynHOCTH 

ApeBeCHbiX I"pa!flnKOBo· 8neKTpo'Mai'HHTHbl9 BepiiiHHbl B 3THX rpaifJHKaX onHCbiBa-

IOTCSI a!fl!fleKTHBHbiMH 118I'p8H)I{UaHaMH '!f. em • BepiiiHHhi cnnbHoro saanMoneil:~ 

CTBHSI B aMn1JHTyAaX 9119KTpOM8I'HHTHbiX npoueCCOB onpeAe1JSIJOTCSI H3 a!fl!fleK..;. 

THBHOI'O narp8H)KH8Ha ·!f_,st _(2.5). 

B,; npennonaraeTCSI, 'ITO a!fl!fleKTHBHbie aneKTpOM8I'HHTHbie narpaH)I{HaHbl 

·!f_ A11SI mo6bJX npouecCOB HHBapnaHTHbi OTHOCHTe1JbHO UOAI"pynnbJ em . ~ 

·. (n) 
[U(2)x'U (2)] N rpynnbi 'SU(3) x'SU(J) • KpoMe Toro, narpaH)I{HaH •!f. em no-

PSIAKa e" o6nanaeT TpaHc!flopM8UHOHHbiMH CBOil:CTBaMH n-KpaTHOI'O 

l 

nponaseneHnSI 

·!f. (n) 
em 

c ,o @Q <8> !•·®0, 
T 

n paa 

rne Q - onepaTop aapSIAa, npnHanne)KaiiJnil: npencTasneHnro 

rpynnbi SU(S) x SU(3) 

Cor nacHo aTnM npennono)KeHHSIM, ['U.(2) x 'U (2) ]N - CJ 

TpOM8I'HHTHhiX npoUeCCOB M0)1{9T HapymaTbCSI T011bKO B CH11 

KOTOphie onpeAe11SIJOTCSI B38HMOAefiCTBHeM !f_ s.b; {2,5) • Dr: 

npericTaBnSieT co6oil: seCbMa orpaHH'IHTe11bHoe·Tpe6osaHne, 

y~TaHasnnsaTb CBSI3H Me)KAY paann'IHhiMH npoueccaMn •. Hac 

CBOeH npOCTOTOH H onpeneneHHOCTbJO, 

CneayeT nonqepKHYTI:'• 'ITO coaep)KaHne Tpe6osaHnSI [1 

B8pH8HTHOCTH U ei"O C119ACTBHSI 38BHCSIT OT Bhi6opa THU8 HE 

aaunn SU (3) x SU (3) CHMMeTpnn. Ecnn anPe6panqecKoil: 

rpynni,1 SU(3) xSU(3) C'Iil:TaTb SU(3) ( I"011ACTOYHOBCKHMH 

IOTCSI TT 
/12/ 

, K , TJ) , TO [U (2) X U(2)) N - CHMMeTpHSI . BK 

06bi'IHYJO Knaccn!flnKaUHJO 9119KTpOM8I'HHTHbiX B38HMOA9HCTm 
' 

a TaK)K9 HHB8pH8HTHOCTb !fern OTHOCHTe1!bHO H911HHeil:HbiX I 

C I"eHepaTopaMH 'U 1 0 'U g , 'U: , Q 5 (2 • 7.), KOTOpaSI HI 

MH'IeCKHil: CMbicn. Dpn HennHeil:Hoil: peannaaunn c J{ = SU(2), 

HOBCKHe Me30Hbl - TT , K , TJ H rnnoTeTH'I9CKH~ K - ME 

B nOAI"pynne ['U (2) x'U (2)) N 11HHeil:HbiM npeo6pa30B8HUSIM COc 

HepaTOpb! Q H ·u3 (2.7). DoaToMy B 9TOM c:;:nyqae' Tpe60BI 

HHBapnaHTHOCTH ABeT T011bKO AHH8MH'IeCKHe COOTHOIIIel!HSI M 

HHTHbiMH npoueccaMH C pa3Hb!M' 'IUC1JOM 'I8CTHU, HanpHMep, 

U TJ ->3TT nepeXOA8MHo 

. 06cyAHM 6onee nonpo6HO CBOil:CTBa a!fl!fleKTHBHbiX 91JeK 

riai"p8Hii(HaHOB BTopoPo nopSIAKa no e_ !f.~~ • · CornacHo n 
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llt ·f_min MOMeT 6biTb 
em 

)S((, IJI ), (2,10) 

TOKOB1 a t!JyHKUHSI S((,IP) 

R o6naaaeT TpaHct!Jop-

Q@Q 

: 'U (2)] N-. RIIBapuaHTOM, 

~ sneKTpOMai'HRTltbiX npo-

) - CHMMeTpHIO '!nelt 

fill (2,5) B o6meM cny'lae 

R I'Hnepaapgga Y , Tio

MMeTpRR lt9B03MOMHO 6e3 

MKax.t!JeiiOMeHOnOI'H'IeCKOI'O 

IpegnonomeHRSI 0 CBOllCTBaX 

yeM ocHoBHbie npeanonome

IOTCSI npu aHanHae sneKTpo

nbHoll CHMMeTpF!R, 

peacTaaneHue aMnnuTya 

e .B BRae COBOKynHOCTH 

( · 8 · aTHx I'pat!JuKax · onucbi~a

lliiHirbi CHnbHOI'O B3aHMOgell.,.. 

3 ~npettenSIIOTCSI H3 st!Jt!JeK-

poMai'HHTHbie nai'paHmHaHbi 

ITenbHO noai'pynnbi 

'• nai'pamKmiH •f ~~ no-

laMH n..;KpaTHOI'O 

j 

npOH3BegeHR.II 

·f (n) 

em ,o (8) Q ® ! .. (8) Q, , .. 
c (2.11) 

n pas 

'· 
I'ae Q- onepaTop aap.11aa, npnHaanemamull npeacTaaneHRIO ( 1,8) (3) (8, 1) 

I'pynmi SUC3) x SU(3) 

Coi'nacHo STHM npeanonomenH.IIM, [ U.(2) x-u (2) ]N - CHMMeTpH.II sneK-

TpoMai'HHTHbiX npouecCOB MOMeT HapymaTbCSI TOnbKO B CIInbllbiX B9plliHII8X1 

KOTopbie onpeaenHIOTC.II asauMotteflcTBHeM f. s,b; (2 .5). TipeanonomeHue B 

npeacTaBn.SieT co6oll aecbMa OI'panH'IHTenbHOe · Tpe6oaa1me, noaaon.Siromee 

ycTaHaBnHaaTb CB.IISR Memay paanH'IHbiMH npoueccaMu,. Hac OHO npuaneKaeT 

CBOell npOCTOTOll II onpeaeneHHOCTbiO, 

CneayeT nogqepKHYTb, 'ITO coaepmaHHe Tpe6oaaiiH.II [U (2) x 'U(2)] N - uH

aapuaHTHOCTR II ei'O cnegCTBII.II 38BHC.IIT OT Bbi6opa Tuna HenHHeHHOft peanu-

aauuu SU(3) xSU(3) CHMMeTpHH. Ecn11 ani'e6paH'IeCKOH noai'pynnoil J{ 

I'pynni,I SU(3) xSU(3) cqifTaTb SU(3) (I'onacToyuoacKHMH MeaoHaMH sm·n.II-· 
/12/ 

IOTC.II 17 , K , TJ) 1 TO [U (2) xU(2)) N - CHMMeTpH.II BKniO'!aeT B ce6.11 
/13/ 

06bi'IHYIO Knaccmjlf!K8UHIO sneKTpOM8I'HHTHbiX B38HMOgeiicTBUli no 'U - CnRHy 

a TaKme HHBapHaHTHOCTb f em OTHOCHTenbHO nenuneilHbiX npeo6pa30B81IRH 

C I'eHepaTopaMR Bf 1 U~ 1 'U J 1 QS (2,7), KOTOpa.II RMeeT 'IIICTO' tl11Ha-

MH'I9CKHH CMbicn. Tipu HenuHeilHoil peanuaauuu c J{ = SU (2) x Y. ( I'onncToy-

K K -
Me30Hbl) 

/12, 14/ 
HOBCKHe M930Hbl - 17 1 1 TJ R I'HnOT9TH'I9CKHe 

B noai'pynne ['U (2) x'D (2)] N nuHeilHbiM npeo6paaoaaHU.IIM c'ooTBeTCTBYIOT I'e

HepaTopbi Q u ·u
3 

(2,7), TiosToMy B aToM cnyqae Tpe6oaaHue [U(2)x'U(2J]N

HHBapuaHTHOCTH ttaeT TOnbKO tlRHaMH'IeCKRe COOTIIOllle!IH.II Memtty sneKTpOMai'

liHTHbiMH npoueccaMR c paaHbiM qucnoM 'lacTuu, HanpnMep, Memny 170-TJ 

R TJ ... . 317 nepexonaMu, 

. 06cytlHM 6onee nogpo6HO CBOHCTBa st!Jt!JeKTRBllbiX sneKTpOMai'HHTltbiX 

liai'p8H:>!(118HOB BTOpOI'O nop.1ItlK8 no e. f ~~ • Coi'nacHo npeanonomeHHIO B, 
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_narpaH)KHaH f. (2) 
em MO)KeT 6h1Tb npeacTaBneH B BHae CyMMbl [U(2)x'U(2)]N-

HHBapH~HTHhiX KOMnOHeHT npeacTaB~eHHll· rpynnhl SU(3) xS, U(3) 1 KOTOpble 

coaep)KaTcSI B paanoxmHnH npSIMoro nponaBeaeunSI [(1,8)+ (8,1)]0[(1,8)+(8,1)] 

llponaBoaSI peayKUHJO, nonyqaeM:. 

~) . . . 
f. c Q rv'\Q c (1,1)(]3 (1,8)(j)(8,1)(£)(8,8)@(1~27)(f)(27,1). em \01 

(2,12) 

Me:roa 'nocTpcieHH5! a«P«PeKTHBHblX narpaH)KHaHOB c aaaaHHbiMH TpaHc«PopMaUH

OHHblMH CBOHCTBaMH B rpynne SU (3) x SU(3) paccMOTpeH B Hpnno)KeHHH, 

3 , oneKTpOMai'HHTllblll caBHI' MaCe nceBaOCKanSipHbJX 

Me30HOB 

MeToa a«P«PeKTHBHhiX narpau)KnauoB noaBon.steT nouSITb npH'IHHY B03HHK

HoBeUHSI npOTIIBOpe'I.Hll npH onucaHHH aneKTpOMai'UHTHbiX CaBHI'OB Mace nceB-
. 6 /2/ u 

aocKanHpllblX Me30II!)B B 'SU (3) X SU (3) - anre pe TOKOB H HaHTH npneM- . 

neMyJO MOaenb, B KOTOpoii: TaKHX npOTHBOpe'UI:li. He B03HHKaeT, 

oneKTpOMai'HHTIIblll narpaH)KHaH f'1'f.em (g} 1 OnHChiBaJOIJJHll caBHI' 

Mace ronacToyHOBCKHX Me30HOB ~- BO BTOpOM nopSiaKe no e 1 aon)KeH o6m:i.;. 

· aaTb TpaHC«i>OpMaUHOIIIIblMII CBOHCTBaMH npSIMOI'O npOH3BeaeUHSI Q@Q 

(2,12 ),· EcTeCTBenuo 'BUa'lane nccneaoBaTb B3aHMoaeii:cTBHe 1'15?. 
0 (~) 6ea 

~ · em 

npOH3BOallhiX noneii:, KaK H3BeCTH01 IIIIBapnallT rpynnhl SU (3) X SU (3) 113 oa- -

lll!X noneii: ~ nocTpOHTb UeB03M0)K!IO, nnSI noCTpOeUH5! B3aHMOaeii:CTBH5! 

f'1!f.~ (~) D CO CBOHCTBaMH npeacTaBneUU5! D 1 oauoro H3 apyrHX npeacTaB-

neunii: (2,12) 
1 

Ue06XOA!IMO BhiaenHTb .H3 ['U(2)x'U(2)] N- HUBapnaUTIIOll BenH1UI.;. 

Ubi Tuna (ll,8) (eM, ·npuno)KeUHe) 6nnnueii:uyJO no nonSIM ~ 'laCTb: 

f'1·!f.~m· (~)D - Sp([h~,~A][h~ ,~A]), (3,1) 
\. 

rae MaTpnua 

ne11nu D , · 

h.~ - cnurneT no anre6pauqecKoii: noarpynne 

h ~ - cnurneT no noarpynne [U (2) x'U (2)] N 

J{ B npeacTaB-: 

• MaTpnua h.~ 
KOMMYT.HpyeT CO BCeMH ueii:Tpanbllb!Mll .reuepaTopaMU SU (3) xSU (3) 

10 

)' 

j 

;I 

I 
·I 

I 

l 

,, 

lloaToMy B narpaH)KHaH 6e3 nponaBoaHhiX Sf.~m ((} aaJOT 1 

3apSI)KeHHble Me30Hbl, 

· PaccMoTpHM cnyqaii: HennHeii:Hoii: peannaaunn c J{ = SU 
. . 

MOIJJH OKTeTa nceBaocKanSipHblX Me30HOB MO)KHO !JOCTpOHTb 
0 . . 

CTBHe /1 'f.e;, (~) (
8

•
8

) CO CBOHCTBaMH npeacTaBneHH5! (I 

HH5! (1,8)@ (8,1) H (1,27) <±)(27,1) He coaep)KaT SU(3) 

I1cnonb3Y5I COOTHOllleHH5! (ll,6) (ll,9) anSI MaTpHU :3TOI'O np 

H ~~B) , ua «PopMynhi (3~1) MO)KHO nony'IHTb x/ 

.. ti!f.e~(q8 ,8)- 17/ + 17/ + KJ +Kff , 
'ITO npHBOaHT K npOTHBOpe'lallJeMy :3KCnepHMeUTy COOTHOlllel 

TpoMarunTHhiMII paaHOCTSIMH Mace 17 -. H K ·- Me30!iOB: 

m.2 -m2 =m2 :_m2. 
17 + 17 0 K+ KO 

) . /2/ 
flpaBHnO CYMM (3,3 6hinO nony'leHO nallleltOM B anre6p 

BhiBOa ·noKa3hiBaeT, 'ITO peaynbTaT nallleUa CB5!3aH C Tpe6 

0 
CTBH5! npOH3BOaHhlX B f'1 f.em' 

B cny'lae nnueapnaaunn rpynnoBhiX npeo6paaoBaunii: H· 

uaocnnua n. rnnepaapSIAa SU (2) x Y YIIUTapHaSI CHMMeTpH5! 

'leCKHll CMbiCn, noaTOMY Knaccn«PnKaUU5! no ·u- cnnuy ncqe: 

Me )Kay .aneKTpOMarunTIIhiMH paauocTSIMII Mace 17- , K- , K 

B031IHKaJOT, 

flpHIIUHnUanbHbiM ueaocTaTKOM a«P«PeKTIIBIIOI'O narpaii)K 
0 

BOallhlX f'1!f.em(~) 5!Bn5IeTC5! OTCyTCTBHe aneKTpOMai'IIHTHOI' 

lliHBaHHSI, 

x/ ·. 
nonSI «Pn3H'leCKHX 'laCT!fU 11 , K , 7J 

BenH'IUUaMu ~i cooTUOllleHHSIMII THna IT .= I 17 ~ 
pacnaauaSI KOHCTauTa) • 

1l 

CB5!3aHhi C 

(117::95 



BHll8 CyMMbl [U(2)x'U(2)]N

SU(3) xS. U (3) 1 KOTOpbie 

[(1,8)+ (8,1)]@[(1,8)+(8,1)] 

'£)(27,1). (2.12) 

aanaHHhiMH TpancljlopMauu..; 

\fOTpen B Jipunollienun. 

~llOCKanS!PHbiX 

T' IIOJISITb npu•mlly B03HHK

HTHhiX CllBHI"OB MaCe IICeB-

/2/ 
Je TOKOB II nafiTH IIpHeM- . 

l B03HHKaeT, 

1 ·onHCb!BaJOlUHll CllBHI' 

pndKe no e , nonllieH o6na

IpouaaeneHHSI Q@Q 

onefiCTBIIe tJ..f. :m (e) 6e3 

YIIIIhl SU (3) X SU (3) II3 Oll- • 

:>eHHSI B3al!MOll8HCTBHSI 

(HOI'O H3 llPYI'liX npellCTaB

:] N~ liHBapuaHTHOfi BenH'Ill-
. . . 

· IIOnSIM e 'laCTb: 

(3.1) 

JOnrpynne J{ B rrpencTaB-

U(2J]N • MaTpuua h~ 
paMH SU(3)xSU(3) 

.. 
i 

I. 
I 

. 1 
! 
I 

·i 

ll09TOMY B narpaHlliHaH 6e3 IIpOH3BOllHhiX tJ.•f.~m (e) llaJOT BKnan TOnbKO 

aapSillieHUhie Me30Hhi. 

· PaccMoTpHM cny'lafi nenuuefiuofi peanuaauuu c J{ = SU (3) • npu no-. 

MOlUII OKTeTa IIC8BllOCKanSipHbiX M830HOB MOlliHO f!OCTpOIITb nHlllb B3aHMOllefi-

CTBH8 ~·~~~ (e)(
8

•
8

) CO CBOHCTBaMH rrpellCTanneHIISI (8 18) t(rrpencTanne-

HHSI (1
1
8)@ (8

1
1) u (1 127) (±)(27,1) ne coneplliaT SU(3) - unaapHaHToa). 

Hcrronb3YSI cooTnomeHHSI (ll.6) (ll.9) nnSI MaTpHU sToro rrpencTaaneHHSI 

(8 8) ( · ) x/ H ' 1 ua ljlopMynhi 3.1 MOlliHO rrony'IHTb. 
ik 

(3.2) 

'ITO rrpHBOlliiT K rrpOTIIBOpe'lalUeMy 9KCIIepHM8HTy COOTHOW8HHJO MSllillY sneK

TpOMal"UHTHhiMII pa3HOCTSIMII MaCC TT -·II K ·- M830!iOB: 

. ( 3.3) 

) ' /2/ 
llpaauno cyMM (3.3 6hinO rrony'leno namenoM B anre6pe TOKOB. Ham 

BhiBOll IIOKa3hJBaeT
1 

'ITO peaynbTaT nameua CBSI3aH C Tpe6oBaiJH8M OTCyT-

CTBHSI IIpOH3BOllHh!X B tJ.f.~m' 
B cny11ae nuneapuaauuu rpynrroahiX npeo6paaoaauufi na rronrpynrre 

uaocrruna u. runepaapSilla SU (2) x Y yHHTapUaSI 'CHMMeTpHSI HM88T llHHaMII-

'18CKHfi CMbiCn
1 

II09TOMY KnacculjluKaUHSI IIO 'U- CnHHY IIC'le3aeT1 II CBSI3H 

MellillY .sneKTpoMai'HHTHhiMH paauocTSIMH Mace 11- , K- 1 K - M830HOB ne 

B03HHKaJOT, 

llpHHUHIIHanbHhlM HeJlOCTaTKOM aljlljleKTHBHOI"O narpaHlliHaUa 6e3 IIpOH3-

BOllHbiX /}.f. ~m(e) SIBnSieTCSI OTCYTCTBHe aneKTpOMai'UHTliOI"O TT O- Tf - ·CMe-

lliHB8liHSI. 

x/ . 
nonSI $H3H'18CKIIX qaCTHU TT K 

BenH'IHHaMH e1 COOTliOlli8HHSIMH THIIa lT 
pacrrannaSI KOHCTanTa). 

11 

CBSI3aHhl C 6e3p83MepHbiMII 

(I 
11 

:::95 Maa- nuouuast 



·!· 
I 

I 
i-

I 
I 

.. 

~hl npe~naraeM llpHHHTb ~llH OllHCSHHH SlleKTpOMSI'HHTHOI'O C~BHI'a 

1' 
MSCC I'Oll~CTOyHOBCKHX Me30HOB MOJ;tellb narpaH:li<HaHa .1'2 em(~) C ~BYMH 

npOH3BO~HhiMH nonefi.- 06cy:lK~aeMhie Bhliiie Tpf~HOCTH B TSKOH MOJlellH .OT

cyTCTBYIOTo 

OrpaHH'iHMCH Hatt6onee HHTepecHhiM cnyqaeM HennHefiHofi peannaauHH 

c H =SU (3) • Ma KosapnaHTHhiX nponaso~HhiX DIL ~i D IL ~ k MO:lKHO no

CTponTb see npe~cTasneansr. rpynnhi SU (3) x SU (3) 1 KOTOphie co~ep:lKaTcsr 

B npOH3Be~eHHH Q@Q (2.12). DOSTOMY ~HHSMH'ieCKSH (U(2)x'U(2)]N -CHM-

1 
MeTpHH He ~aeT B MO~enu C .1•2em (~) Hl!KSKHX ~OllOllHUTenbHhiX orpaHU'ie-

Hllfi KpOMe TeX1 KOTOphie cne~yiOT 113 06hi'iHOfi ·u- Clll!HOBOH Cl!MMeTpllllo 

Do~qepKHeM1 'iTO narpa:lKUSH f...2: m( ~) COOTBeTCTByeT MO~ellH "CMeiiiHBSHJ!H 

TOKO B" ~llH sneKTpOMSI'HliTHOI'O HapyiiieHHH SU (3) 'U - cnuHosasr CHMMe-

TpHH npHBO~HT B MO~enu "cMeiiiHBaHHH TOKOB" K Clle~yiOIUefi OUeHKe .~nsr na-

paMeTpa 77 ° -·TJ nepexo~a: 

< (3.4) 

1 ... 
s narpaH:lKHaHe.12em (~) o r~e g - KOS<fJ<PHUUeHT npu 'illeHe -a 770 a TJ 

~ · IL IL 
TaKHM o6pa30M1_ MO~ellb "cMeiiiUBSHHH TOKOB" HBllHeTCH pa3yMHOfi CXeMOH1 

no3BOllHIOIUefi OllHChiBSTb SlleKTpOMSI'HHTHhlfi C~BHI' MBCC nces~OCKansrpHbiX 

Me30HOB B . paMKSX ['U(2) x'U(2)] N - CHMMeTpHllo 

4. Dpo6neMa pacna~a TJ -+377 s 

SU(3)xSU(3)- CUMMeTpHH 

. 
8 STOii rnase Mhl o6cy~IIM1 K KSKHM cne~CTBIIHM npiiBO~IlT Tpe60BSHHe 

[·U (2) X 'U (2) ]N - HHBapuaHTHOCTH B npuMeH~Hilll K pacna~y _ TJ -> 377 

B narpa:lKHaHe ·2 ~m (~) 6ea npouasoriHhiX noneii. saauMo~eficTBHe 

7J377 OTCyTCTByeT. Do~o6HaH Tpy~HOCTb He B03HHKaeT npH IICnOllb30BaHHH 

narpaii:lKHSHa ·2:m(~, a~) c ~BYMH npOH3BO~HbiMII. CTpyKTypa B3aHMO~efiCTBH5I, 

12 

• 

'i, 

' 
'I 

i' 
I. 

~ 'd 

J, 

OTBeTCTBeHHOI'O 38 KOHTaKTHhlA: f]-+377- H 770 -TJ - nepeXO~bi 1 

TaKaH :lKe 1 KBK H B SU(2)xSU (2) 
/4~71 

Hapsr~y c BKna~oM KOHTaKTHoro rpa~HKa aMnllH!Y~a TJ 

lllOCHOM npH6llH:lKeHHH CO~ep:lKHT BKllS~hi rpa~HKOB C 7TO·_ H 

nOlllOCSMH 1 BKlllO'iSIOIUHX CHllbHhle eepiiiHHhl 77717171- H 1TTJ1TTJ 
. ·. /8/ 

CTBHfi. KaK 6hmo noKa3aHo HaMR B pa6oTe 1 y'ieT rpa~nKa 

~aeT B03MO:lKHOCTb y~osneTsopnTenbHO onncaTb pacna~ TJ->3 

SU (2) x'SU(2) - CHMMeTpHH. npH ycnOBHH 1 'iTO CyiUeCTByeT 

'SU(2)xSU(2)' -HHBapHaHTHOe B3SHMO~efiCTBH8 C .npOH3BO~Hhll 

~-2 2(a 7TJ2 
·qTJ " ?1 IL ' 

r~e qTJ - KOHCTaHTa CBH3Ho DpH 3HS'i8HHH :1 qTJ il - 4t5 ~OCTHl 

C SKCnepHMeHTallbHhiMH ~aHHhiMH no pacna~y TJ ->377 

.llHHaMH'ieCKaH SU(3)xSU(3)- CHMMeTpHH He HaKna~hiBac 

HhiX orpaHH'ieHHH Ha. ~OPMY 1T 1T - B3SHMO~efiCTBHH no cpaBH 

SU(2)x SU(2) 1 O~HSKO CTpyKTypa 77'TJ - B3SHMO~efiCTBH 

CyiUeCTBeHHO MeHHeTCHo 8TO .CBH3SHO C T8M1 'iTO B QCHOBHhl 

peannaauusrx SU(3)xS,U(3) '7 - MeaoH onnchiBaeTcsr. ron~cToy 

'ls :··Heo6XO~HMOe ~llH y~OBlleTBOJlliTenbHOI'O OllHCSHHH pc 

B3SHMO~efiCTBHe . 77TJ s"TJ B 

HhiM · B npeJiene · 'TO'iHOfi 

C ~BYMH npOH3BO~HhlMH OKS3h!BSI 
<, • • ~~-

SU.(3) X SU (3) CHMM8TpHH • .llefic 

KO noKa3aTb1 'iTO BClle~CTBHe KOMMyTaTHBHOCTH onepaTOpOB 

BXO~HIUHX B .. Bbipa:lKe~He flllH KOBapHBHTHhiX npOH3BO~H~IX DIL ~ 
llHHefiHhifi no D IL ~e- HHBBPJ:iliHTHhifi narpa:lKHaH ·2·st soo6n 

'ill8HOB 1 onHChiBSIOIUHX B3SHMO~efiCTBHe ;; - H TJs:- nonefi. 

x/ . . 
McnonbaoeaHHe 

'(DIL;) 2 (DIL TJ8 )
2 npHBO~HT 

nnHTy~e TJ ... 377 · 

B3SHMO~efiCTBHH C 'ieTbipbMsi npOH3BC 

K HellHHeHHOfi SHepreTH'i8CKOH 3SBHC 

13 



rpoMai'HHTHOI'O.CllBHI'a 

aHa f1•f 1 (g) C llBYM5I em, 

:TH B TaKofi MOAenH OT-

Henuaeiiaolt peanHsauHH 

MO)!{HO no-

1 KOTOpble COllGp)!{aTCSI 

qecKa5I [U (2) x'U (2))N -CHM

AOnonUHTGnhHbiX orpaHH'ie-

, . CnHHOBOJ:i CHMMeTpHHo 

TByeT Monenu "cMeWHBaHH5I 

'U - CnHHOBa5I CHMMe

=neAyiOIUeJ:i oneaKe .nnsr na-

-0,05 {3.4) 

1 ... 
B narpali)!{!I8He.£\fem (g) o 

tSieTcSI pasyMnoJ:i cxeMol1, 

• Mace ncesnocKanSipHhiX 

HSI~ UpHBOllHT Tpe6oBaHHG 

pacnany . TJ ... .3 rr 

IOneii: B38HMOll9llCTBHe 

1KaeT npH HCnOnb30BaHHH 

:~pyKTypa B3aHMOllCllCTBH5I1 

• 

·~· ' ' ! ~, 

4 

· OTBGTCTBGHHOI'O sa KOHTaKTHhift TJ -+ .3 TT- H 

,0 _J_ neLL B SU(3)xll/(3) - •.... 

I 
/4-7/ 

TaKa5I .lK8 1 KaK H B BU(2)xSU(2). 

Hap5IllY C BKnaAOM KOHTaKTHOI'O rpa!l>l!Ka a nnl!Tylla TJ -+.3TT B no-

'I 
niOCHOM npH6nH)!{9HHH COllGp.lKHT BKnallhi rpa!I>HKO C TTO·_ H TJ- Me30HHbiMH 

I . I 
. nomocaMH 1 BKniO'iaiOIUHX CHnbHbiG BepiUHHbi TTTTTTtr- HI TTTJ~TJ- B3aHMOAeii-:; 

CTBHiio KaK 6hinO noKa3aHO HaMH B pa6oTe/S/ 1 J'ieT rpa!I>HKa C TJ -noniOCOM 

AaeT B03MO.lKHOCTb YllOBneTBOpHTenbHO onacaTb acnaA 7JL.3rr B KHpanbHOfi 

. . I 
- CHMMeTpHH npH ycnOBHH 1 'iTO cyiUeCTByeT 3aMeTHOO 

: I 
BU(2)xBU(2i. -HHBapHaHTHoe B3aHMOAeiicTBHe c npoH3BOAHhiMH: 

! I 

i I 
rne q - KOHCTaHTa CB5I3H, TipH 3Ha'ieHHH :1 q !! - 4t5 I ~oCTHraeTCSI cornacae 

c aKcn:pHMeHTanbHhiMH naHHhiMH no pacnany TJ TJ t 3 rr ! • I 

•;x~;::.~::::~::~~x;:~p~:;:~::c:l•"::r.::±::•::~:::::-
1 I 

cyiUeCTBGHHO MGH5IGTC5Io STO CB5I3aHO C TGM1 'iT B OCHOBHbiX HemmefiHbiX 
i I 

peanasailH5IX SU (.3) xS.U (~) fJ - M930H onHChiBaeTf:5I. r~nllCTOYHOBCKHM non eM 

q
8 

:· Heo6XOllHMoe AnSI ynonneTBOpHTenbHoro onacfHH5I1 pacnana TJ-+Jrr 

B3aHMOAefiCTBHe . TT TJ 
8 

TT TJ 
8 

C llBYM5I npOH3BOllHb MH OKa3biBaeTC5I sanpeiUeH-
. x/ · I 

SU (2) xBU(2) 

{4.1) 

KO noKa3aTb, 'iTO BCneACTBHe KOMMyTaTHBHOCTH onepaTOpOB rrF5 H 7] 8F5 , 

UbiM B npenene . 'TO'iHOfi su. (.3) X su (3) CHMMerpHH I • niiiCT~~TenbH;o, ner-

! I 8 
BX0ll5IIUHX B Bbipa.lKGHHG p.n5I KOBapHBHTHbiX npOH3BOllHriX f/L' f {2.3), 6H- . 

nHHel1Hbil1 no D ~ ee· HHBapl_lllHTHbil1 narpa)!{HaH f·st I B006IUe He conep)!{HT 

qneHOB 1 OnHCbiBaiOIUHX B3aHMOAeiiCTBHe ;; - H - noneii.l 
·8 I 

I 

! 

i 
bMsi UpOH3BOlllibiMH 

I I . 
eCKOii 3aBHCHMOCTH 

I I 
~ I 

BaM-

x/ . . -
J1cnonb30BaHHe B3aHMOllGHCTBH5I C 'i8Tbl 

(D ;) 2 (D TJ
8

) 2 npHBOllHT K HemiHeJ:iuoii aaepreTH 
1L ll ·. 

nnHTyAe TJ ... .3 rr · 
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· TaKHM 'o5pa3oM, na yponne SU(3)xSU(3) - CliMMeTplm B03HJIKaJOT llQ-

nonHnTellbHbie TPYilHOCTH npn onncannn pa.cnai:ta TJ-> .3rr · • EcnJi Mbi He oxo-

TH~ OTKa3aTbCSI OT [U(2)x"U(2)]N - HHBapnaHTHOCTH KOHTaKTHbiX TJ_;:37T 

0 
II 1T -TJ - B3aHMOileilcTBnfi, To llnSI peweHJISI aTnx TPYilHOcTefi cnellyeT 

ncKaTb paann'iHbie MexaHH3Mbi napyweHHSI SU(3)xSU(3) B cnllbHhiX i3aanMo-

ll9HCTBJISIX1 npHBOilSIUIHe K IIOSIBneHHJO 1T TJ CBSI3U TUna ( 4.1 ) • 

ilpOCTeHWaSI B03MO*HOCTb TaKOPO pella CBSI3aHa C BBelleHHeM 

SU (3) X SU (3) - CKanSipHOPO nonSI TJ l • il OnSI tPH3U'leCKHX TJ- II TJ , - Me3o-

HOB onpellenSIIOTCSI cnellyiOUIHM o5pa30M: 

TJ =.TJ
8 

cos 0 + TJ 1 s.in 0 

( 4.2) 
TJ ' =- TJ s. in 0 + TJ cos 0 , 

8 1 

Pile 0 - _yron CMeWHBaHHSI. 

YcTpanenne TJ -TJ 
. 8 I 

CMeWUBaHUSI n03BOnSieT nony'iliTb CBSI3b TUna 

(4.1) na SU(3)xSU(3) 
/15i 

JIHBapliaHTHOPO 1TTJl - B3aHMOileilCTBHH: 

2 D 1: v· 0 1: -2 2 ... 2 
qTJlfLC,l /lt;,;=qf1T TJl (d/LTT) + 

• 2 ll 1-2 2 (a ... J2 ° 2 ll 1-2 , (a ... J2 = qs.zn v n 1T + qos.zn v n n . 1T + ••• 
- 17· · ~ : IL 17 ~ 

0

• 

0 1L (4.3) 

B tlaHHOH MOilenn 7TTJ 1TTJ ' - B3aHMOileilCTBUe CBH3aHO C pacnalloOM 
. . . . 0 

. r( ... TJ2TT • Ecnn lleBSITbiM nceBilOCKanSJPHbiM Me30HOM C'iHTaTb X (958), To 
0 • /16 17/ 

HCIIOllb30BaHHe 9KCnepHMeHTanbHOil HHljJOpMaUHH 0 pacnalle X 0 ->TJ21T 
1 

• 

llaeT B03MO~HOCTb nony'iHTb OUeHKY Ha napaMeTp .1TTJ - pacceSIHHSI 

qTJ"" q;s.in20 ." ilpn nnneapnaaunn Ha SU(3) H OKTeTHOM napyweHHH (0 :: 

10 4o 1161> .I I o 2 . . . . , . nMeeM . q TJ _.< , • TaKHM o5paaoM, BepxHSISI rpannua llnSI q iJ 

OKa3biBaeTCH Ha nopMOK MeHbWe TOll BenH'iliHbl 1 KOTOpaSI Tpe5yeTCSI llnSI 

- /8/ 
YllOBneTBopnTenb¥oro onncaHnSI pacnalla TJ ... .3rr B nonrocnon MOilenn 

Hcnollb30BaHne B Ka'ieCTBe lleBSIToro·nceBilOCKangpnoro Meaona E (1420) 

·He cnacaeT nono~eHHH. 

14 

B H8CTOSIUiee BpeMSI BOnpoc 0 ll9BSITOM nceBilOCKanSiplio 
-/16/ 0 • • • • 

!le peweH • He ncKnro-qeHa·B03MO~HOCTb Taro,. 'iTO o5a K< 

. X 0 
( 958) II E ( 1420) p5nallaJOT cnnH-'ieTHOCTbJO o- I TOPJ 

BBeCTH Tpofinoe cMewnBaHne Me~llY TJ ·, X 
0 

n E • B· aTo~ 

nSIIOTCSI Tpll yrna. CMeWHB8HHSI II Tpll Ue38BHCHMbiX B38HMOilel 

(4.3), 'iTO B npnnunne npHBOilHT K ocna5nennro orpaHn'ieHnfi 

napaMeTpa q TJ 

. Eme OllHa· B03MO~HOCTb BKnJO'ieHHSI TTTJ - CBSI3H Tuna 

c paccMoTpenueM Hapywaromero SU(3)>:-SU(.3) - cuMMeTpHJO 1 

. J...fu.... 0 !<) • /18/ n 
C npOH3BOilHbiMH B 9't'o.pcKTHBIIOM narpa~uaHe ~st : • up 

paayMHbiJC: npellnOnO*eHHSIX BKnall 9TOPO HapyweHHSI B 1TTJ - E 

C npOH3BOilHbiMH MO~HO CllenaTb llOCTaTO'iHO 50nhWHM1 'iT05l 

o5XOilUMOe 3Ha'ieHHe napaMeTpa. q • CnellyeT OTMeTHTb 1 'i~ 
. ' . TJ 

napyweHHSI SU(3) xSU(3) c npOH3BOilllhiMH B03HHKaeT PM llP 

/18/ 
cnellCTBJIH 1 nanpnMep cooTHOUieHne f If ,f, 1 H T.ll. 

' . K 1T 
Bee aTn BosMo~uocTn Tpe6yroT llanhuefiwero lleTanbHor 

Mbt C'iHTaeM, 'iTO B nacTOSIUiee BpeMSI neT llOCTaTo'iHhiX ocH 

OTK83a OT Tpe60BaHHSI [U(2)x"U(2)]N HHBapH811THOCTH B aneK 

0 
1T -TJ H TJ ... .3rr nepeXOilax. 

5. PallnaunoHHhle pacnallhi nceBilOCKanSJPHhiX Me:: 

Teneph o6paTHMCSI K auannsy pallnaunoHHbiX pacnallOB 

sonoB B KnpallbHOfi SU(3)xSU(3)-cJ1MMeipnn. 

MaTpH'iHbiH aneMeHT nepexolla nceBilOCKanSipuoro ·Mea' 

ljloTOHa JIMeeT cnellyiOUIYJO CTpyKTypy: 

.<y y :1m I P•> = g:.Ot: ~ r;;lv pPr:;, C: 
1 2 · J ILV pa 1 2 2 

Pile p
1 

1 p
2 

- HMnyllbCbi 1 a r:;, 
1 

r:;, 
2 

-BeKTOpbi nonSipH3S 

15 



.- CIIMMeTpiiii B03lliiK8IOT JJ.o

l TJ-+3rr .• Ecmi Mhi He·xo

·ocTH KOHTaKTHbiX TJ-+ :3rr 

lTIIX TpyJJ.HOCTefi cneJJ.yeT 

I) xSU (3) B CHnbHhiX B381IMO

HI31I THna ( 4.1 ) • 

l5I38Ha C BBeJJ.eHHeM 

iii3H"'eCKIIX TJ..:. II TJ '- Me3o-

( 4.2) 

i5IeT nony"'HTb CB5I3b THna 

/15/ 
B38HMOJJ.efiCTBH5I: 

~ )2 + ••• 
(4.3) 

:TBife CB5I38HO C pacnaJJ..OM 
' 0 

eaouoM C"'HTaTb X (958), To 

o pacnaJJ.e X 0 -+TJ2rr 
116

•
17i. 

1Tp . TTTJ - pacceHHHH 

•eTHOM napyrueHHii (0 = 
'· aepXHHH rpaHHUa JJ.nH q~ 

,J, KOTOpa5I Tpe6yeTC5I JJ.n5I 
/8/ 

. B llOnJOCHOH MOJJ.enH 

wSiiJuoro Meaoua E ( 1420) 

I 
l , 

B uacToHruee npeMH nonpoc o JJ.eBHTOM. nceaJJ.'ocKanHpHOM MeaoHe · ewe 

/16/ 
ge pernell He HCKnio"'eHa B03MO)KHOCTb Toro, 'ITO o6a KaHJJ.HJJ.aTa 

X 0 (958) II E(1420) 96naJJ.aiOT ClliiH-"'eTHOCTb!O o-' TOrJJ.a cneJJ.yeT 

• , xo BBeCTII TpOlHlOe CMeWHBaHHe Me)KJJ.Y TJ II E • a· 9TOM cny'qae Ix05IB-

n5IIOTC5I Tpii yrna CMeWHB8HH5I H TpH He38BIICIIMbiX B381iMOJJ.eHCTBH5I THna 

( 4.3), 'ITO B npHHUHlle npHBOJJ.liT K ocna6neHHIO orpaHH"'ellllll Ha BenH"'liHY 

napaMeTpa q TJ 

EWe OJJ.Ha · B03MO)KHOCTb BKniO"'eHH5I 1T TJ - CB5I31I THlla ( 4.1 ) CB5I38Ha 

C paCCMOTpeHHeM HapyruaiOIUero SU (3) xSU (3) - CHMMeTpiiiO B38HMOJJ.efiCTBII5I 

· /18/ n 
c npoH3BOJJ.HhiMH a sljl¢eKT1iBHOM narpa*Hane f.st • pH ueKOTOphiX 

pa3yMHh!X npeJJ.nOnO)KeHH5IX BKnaJJ. 9TOrO HapyrueHH5I B 1TTJ - B38HMOJJ.efiCTBHe 

C llpOH3BOJJ.HbiMH MO)KHO CJJ.enaTb JJ.OCTaTO"'HO 6onbWHM, "'T06hi nony'IHTb He-

o6xoJJ.HMoe 3Ha'leHne napaMeTpa q 
' ' ' TJ 

• CneJJ.yeT oTMeTHTb, 'ITO npH nneJJ.eHHH 

uapyweHHH SU(3)xSU(3) · c npoH3BOJJ.HhiMH B03HHKaeT PHil JJ.pyrux pa3yMHhiX 

./18/ 
cneJJ.CTBHII , uanpHMep, cooTHoweHne f K If" ll H T.JJ.. 

Bee 9TH B03MO*HOCTH Tpe6yiOT JJ.anhHefiwero JJ.eTanbHoro uay'leHHH. 

Mbl C'IHTaeM, 'ITO B HaCTOHIUee BpeMH HeT JJ.OCTaTO"'HhiX OCHOB811Hll JJ.n5I 

OTK83a OT Tpe6oBaHH5I ['U(2)x'U(2)]N HHBapHaHTHOCTH B sneKTpOMarHRTHhiX 

0 
1T -TJ H TJ -+3rr nepexoJJ.ax. 

5. PaJJ.nauuoHHhie pacnaJJ.hi nceBJJ.OCKan5J:PHhiX Meaouon 

o· 
Tenepb o6paTHMCH K auanuay paJJ.nauuoHHhiX pacnaJJ.OB rr .... H TJ- Me-

aouon B KHpanbHOii SU (3)xSU (3)-CIIMMeTpHH. 

MaTpH'IHhifi sneMeHT nepexo11.a nceBJJ.OCKanHpHoro Meaoua P a JJ.Ba 

ljloToHa HMeeT cneJJ.YIOIUYIO CTPYKTypy: 

(5.1) 

, p
2 

- liMllYnbChl1 a ~ l , ~ 
2 

-BeKTOpbl nonHpli38UHII ljloTOHOB. 
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liB./ 
HcnonbsySI aKcnepuMeHTanbHhie naHHhte 

r (11° --rrJ 

rc 11 --·rr J 
MO.lKHO nony'IHTb: 

(712 :!:., } 12 ) SB 

(1,02 :!:., 0,23) KSB 1 

. ) -1 

C Tpe60B8HH9M [ 'U(2) X 'U(2)] - HHBapnaHTHOCTH ·S!_ /:..._, pe:: 
N . "'YY 

'IHT SKCnepnMeHTanbHbiM '/lSHHbiM ( 5.3) • . . 
(5•2) 

PellleHne STOI'O npOTHBOpequSJ 3aKniO'JaeTCSI BO BB9/l9HHH 

BHSI C Jl9BSITbiM nCeB/lOCKanSipHbiM M930HOM . 71
1 

g 0 = (01265 :!:. 0,022 raa 

11 -1 \0.<:5} I ·£ 1 ~cr- ~ ~ . ~ . -----~-~-----~g~=~(0,382~:!:.,-01044)~raa • ·. 
711

yy 
8

(8
1 

/l +b1)1'f1Fv>.. Fpa • vA:pa 

DnSI nocTpoeHHSI a!lJ!lJeKTHBHOI'o nai'pa.H.lKHaHa pannaunoHHhiX pacnanoa 

Me30HOB 0- He06XO/lHMO HMeTb nnH~HHyiO no I'On/lCTOYHOBCKHM nomiM aenn•m

=~-. ~~~Hy_c _TpaHCtPOPMBUHOHHblMH _ CBOitCTDSMH-Qc0 Q --~- ( 2.12 ) • ~He Tpy JlHO-npoaepnTb~~-~ 

'ITO 6e3 nOMOIUH npOU3BO/lHbiX nonefi TaKyiO BenH'IHHy nocTpOHTb H8B03MO.lKHOo 
III 3To yTaep)I(JleHne SKBHaaneHTHo nony'leHHofi :a pa6oTe TeopeMe, coi'nacHo 

KOTOpofi 

gp(k 2) ... 0, 
k2 ... o (5~4) 

I'Jle g p (k
2
)- tPOPMtPSKTOp BeplllHHbl p yy . BHe MaCCOBOfi noaepXHOCTH JlnSI 

I'onncToyaoacKoi'o Mesoaa P ( g p = g p(mp )) ; DnSI aenuHefiaofi peannsaunn 

c }{ = SU (3) npocTeil:lllnfi a!lJ¢eKTHBHhifi nai'paH.lKnau pannauuoHHhiX pacnanoa 

I'On/lC'I'9YHOBCKHX Me30HOB HM88T CnenyiOliJHfi BH/l: 

S!_ c = .1.. a (a .110 + - 1- a 71 ) a ( F _, F ) l , . , 
syy 8 8 /l VJ /l 8 /l VI\ pa . v"pa (5.5) 

I'/le a B - KOHCTSHTa CBSI3H1 a if,>,. - T8H30p a·neKTpOMai'HHTHOI'O nonSI. 0T-
. /1/ 

CIO/la nonyqaeTCSI COOTHOllleHne : 

~ 1 m2 
g =--8~ 11o VT m2 ... 9,9, 

11 

(5.6) 

I'Jle m
2 

= ~m 2 - Lm 2 no ¢opMYne renn-MaHHa-0Ky6o. CnenoaaTenbH01 8 3 K3 11 

npennono.lKeHne o TOM, 'ITO 71 - Mesoa onnchmaeTCSI nqneM 71
8 1 BMeCTe 

16 

I'/le a 1 n b 1 -KoHcTaHTbi CBSisn. Ilocne nepexona K !lJn;snqec 

·· n ~~71~~( 4.-2) -us ~nai'paH.lKnaHa~pannaunoHHhtx~pacnanoa •'S!.p ..... ,;, . 
. yy 

HeTpy/lHO nony'JHTb. cnenyiOliJH8. COOTHOlll8HHSI: 

g11o =asm! , 

1 2 8 2 '8 b '8 g =-a 8 m cos -a1 m ,·sm -
1
·s1n , 

"1 ..,p ·"1 . "1 

. 1 . 2. () 2 '8 b 8 g =- - a8 m ·sm - a1 m ,cos - 1 cos • 
71' ..;.3 "1 "1 . ,• 

Qq.eannHo, 'ITO Tpn napaMeTpa a 
8 

, a
1 

n b 
1 

• BCei'na M 

TaKnM o6paaoM, 'IT06bi ynoaneTaopnTb aKcnepnMeHTanbHbiM llc 

Jlli8UliOHHbiM pacnanaM llC8B/lOCKanSipHbiX M830HOB 0 

B H~nnHefiHofi peannsaunn c J<=SU(2) xY Tpe6oaaHne ["U(2) 

HHBapnaHTHOCTII ·S!_pyy He /l88T HHKSKHX ~OOTHOllleHHH Me.lK; 
- .. ·.-- o· 

Mn pacnanoa 11 .... yy n 71->·yy · ; n TPYilHOCTH1 nono6Hhte p1 

Bbllll81 He B03HHK8IOT. 

B. 3aKniO'leHne 

B pesynbTaTe npoaene;moi'o aHannsa Mbl npnxonnM K B 

B KRpanbHOii 'SU(3) xSU(3) -: CHMMeTpnn B npnaunne B03MO.lK. 

pe'lnaoe onncaHne npoueccoa BTopoi'o nopSI/lKa no e Ha ocHol 
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3/ 

B 
' 

-1 
faB 

-1 
ras • 

(5.2) 

(5.3) 

Ha pa.QH8UHOHHbiX pacna.QOB 

>n.QCTOYHOBCKHM nonSIM senH'lH

(2.12). HeTpy.QHO nposepHTb 

IH'IHHY nocTpOHTb II9B03MO)I{H0o 
11! 

t~a6oTe TeopeMe, cor•nacao 

(5~4) 

~acco~ofi nosepxaocTn anSI 

lSI HennaefiHofi peannaaunn 

8H pa.QH8UHOHllbiX pacna.QOB 

:n: 

r.' )l 
'pa . v>.pa (5.5) 

IeKTpoMaJ:'liHTHOI'O nonst. OT-

(5.6) 

·0Ky6o. CneaosaTenbHO, 

~TCSI nqneM 71
8 1 BM9CT9 

C Tpe60B8HH9M [ 'U(2) X 'U(2)) N - HHBap'nal!THOCTH ·.£ Qry 

'IHT 3KCnepHM9HTanbHbiM '.Q8HHbiM (5.3) • 

pe3KO npOTHBOpe-

PemeHHe aTOI'O npoTnsope'ln.ll aaKmoqaeTcst so sseaennn saaHMO.QeficT:-

BHSI C .Q9BS!Tb!M nceB.QOCKangpllbiM M930l!OM 71J 

(5.7) ,' 

I'.Qe a 
1 

n b 
1 

-KOHCTaHTbi csSian. nocne nepexoaa K $nanqecKnM nonSIM 71 

n 71 ( 4. 2) na nal'pa!l)l{llaHa paanaunoHHbiX pacnaaos '.f.m = ·.£ t:.-. +'.f. · 
, Jyy ':>YY 71tYY 

. H9Tpy.Qll0 nony'lHTb. cne.QyiOIIIli9 COOTHOIIIellllSI: 

2 g =a
8
m , 

1T 0 1T 

1 2 2 g =-a m cos0-a
1 

m
71

,·1fin0 -b 1·sin0, 
71 ..J3 8 71 ., 

(5.8) 

1 2. l) 2 'l) b l)' g =--=a
8

m ·sznv-a1 m ,cosv- 1 cosv. 
71' ...j.3 71 71 ' 

OtJesnaao, 'ITO TpH napaMeTpa a 
8 

, a1 n b 1 scel'.Qa MO)I{HO Bbi6paTb 

TaKHM o6pa30M1 'IT06bi y.QoBneTBOpHTb 3KCnepUMeHT8nbHbiM .QaHHbiM no pa

.QU8UUOHHbiM pacna.QaM nceB.QOCKangpllblX M930HOBo 

B H~nnaefiaofi peannaaunn ·c }{=SU(2)xY Tpe6osaHne ['U(2)x'U(2J]N -

HHBapnaHTHOCTil '.f.Pyy He .QaeT IIHK8KHX ?.OOTHOIIIeiiHH MS)I{.QY aMnnnTy.Qa-

M~ p~~n~.Q~B TT o:..yy H 71-+·yy . i H Tpy.QHOCTH 1 nono6Hbl9 paCCMOTpeHHb!M 

Bbiiiie 1 He B03HHK810To 

8. 3aKniOtJeHne 

B peaynbTaTe npose.Qe.HHOI'O aaannaa Mbi npnxo.QHM K BbiBO.Qy, 'ITO 

B KHpanbHOH SU(3) xSU(3) -: CHMMeTpUH B npHHUHne B03MO)I{H0 HenpOTHBO-

pe'Insoe onncaane npoueccos BTopoi'o nopSI.QKa no ·e aa: ocaose ·o6bttiHOI'O 
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aneKTpOMaf'HI:ITHOf'O B3ai:IMOAeiiCTBI:ISio floaTOMy 1 Ha. Halll B3f'nSIJ;t1 B HaCTOSIIIlee 

BpeMSI HeT OCHOBaHI:Ifi AnSI OTKa3a OT. npeADOn0)!{9HI:ISI 06 ['U(2). x'U(2)] ;..,- 11HBa

p11aHTHOCTI:I aneKTpOMaf'HI:ITHhiX B3ai:IMOAefiCTB11fi aApOHOBo 

ABTOpbi Bbipa)!{alOT np1:13HaTellbHOCTb c.B.TepaC11MOBY I A.H. 3acnaB

CKOMy 1 A. T .ct>HnHnnoay 1:1 1 oco6eHH01 B.I1.0r11eBHUKOMY 3a nnoAOTBOpHhie 

o6cy)!{AeHHSI. 

flp11no)!{eH1:1e 

ITocTpoeHHe nHHeiiHo npeo6pa3yiOlli11XCSI aen11'1HH 

B HenHHeihihiX pean113aUHSIX rpynnhr SU(3)xSU(3) 

06runii M9TOA DOCTpOeHHSI 113 ronACTOYHOBCKI:IX 1:1 npO'II:IX noneil nnHeHHO 

npeo6pa3yiOIUI:IXCSI aeni:I'II:IH C 3allaHHhiM11 TpaHciflopM8UI:IOHHhiM11 CBOllCTBaMH 1 

Dpi:IM9H1:1Mblll AnSI Cny'laH np01:13BOnbHOll KOMDaKTHOfi nonynpOCTOH rpynDhi 1 

/9/ . 
6hrn paccMoTpeH a pa6oTe KoynMeHa 1:1 AP· . • 0AHaKo Ha npaKTHKe 6onee 

' . /14/ 
yAo6eH MeTOA 1 ncnonb30BaHHhifi XoHepKaMnoM npn aHanH3e. HapymeHHSI 

5U(3)xSU(3) -.CHMMeTpHH1 o6naAalOIU9f'O CBOfiCTBaMI:I npeACTaBneHHit 

(3 13)(!) (313) 1:1 (1 18)(!) (8 1 1 ). IToKa)!{eM1 ' 'ITO MeToA XoHepKaMna SIBnSieT-

CSI AOCTaTO'IHO KOHCTpyKTI:IBHhiM Dpl:l pa6oTe C llll:lpOKI:IM KnaCCOM nnHeitHbiX 

npeACTaaneHHit rpynnhr SU(3) x'SU(3) 

PaCCMOTpi:IM COBOKYDHOCTb KBaApaTHhiX MaTpi:IU hD 1 o6pa3yiOIUHX 

6a3Hc HenpHBOAHMoro npeACTaaneHHSI D rpynnhr SU(3)xSU(3) • · feHepaTophi 

rpyDDhi Va 1 A_£ MO)!{HO npellCTSBI:ITb B BHAe MaTpi:IU TOfi )1{9 pa3MepHo-

D D D D 
CT111 TaK. 'ITO [Va ,h ]C h 1 [A f•h ]C h o flpeAUOnO)!{HM1 'ITO. BO MHO)!{eCTBe 

hD eCTb MaTp11Ua h~ 1 KOMMyTHpyiOIUaH CO BC9M11 f'eHepaTopaM11 DOA-

rpyDDbi }(, [ Va 1h.~ ]=0 o TorAa C DOMOillblO f'OnACTOYHOBCK11X noneil fe MO)!{-

HO DOCTp011Tb MaTp11Uy 

exp6if A) h.~ exp(-df A), (IT.1) 

KOTOpaSI npeo6pa3yeTCSI n11H9HHO no npeACTaBneH1110 D 

18 

. D · 1 · 
exp(if'~)h 8 exp(-lif'A};.gexp6if•A)h~ exp(-dfA)g- • 

flp11 AOKa3aTellbCTBe 11CDOilb3yeTCSI iflopMyna (2.1) 1 a.TaK)!{e C 

exp(-liUV)h_~exp6iUV)=h~ • : 

ITpeAcTaaneH11SI (3 13) <±>. (3 13) 11 (1 18) (!) (8 1.1) MO)!{HO n' 
/14/ . . . ' 

MOillblO MaTp11U 6 X 6 o .nnSI DOCTp09H11SI npeACTaBneH11ll (f 

(1,10) <±> (101 1) (27 11) 0 (1 127), a TaK)!{e (8 1 1) <±> (1 18) y~ 

MaTpHUhi 16 x 16. feHepaTOphr rpynnhr SU(.3) xSU(3) (npeACTa 

( 118) 0 ( 8 1 1 ) ) B DpOCTpaHCTBe Ma Tpi:IU 16 . X 16 Hi<.telOT cneA~ 

F k =lil@fk, F5 = liu3 (!)f k' 
k 

I'Ae '/ 11 C1- MaTp11Uhi 2 X 2 1 a f k I:IM910T pa3MepHOCTb 8 
3 . 

(f k) ab = fakb ; [ fl , f k l = Eik£ f e • 

ITocTpo11M Tenepb nnH np11Mepa 6a3UC npeACTaaneHHSI (8,8) 

H ik = . 'T 
·. (8,8) ( 

0 

hlk 

h;k), 

0 

' 'T 
I'Ae (h ik )

8
b =(h lk ) ba. =Bia Bkb - aneMeHThi MaTpi:IUI 

'111Hhl (f1.5) YAOBneTBOpSIIOT cneAyiOIUI:IM COOTHOlli9HI:ISIM 

r 
+ ' (8,8J • ' (8,8) - ' (8,8J • ' (8,8) 

[FJ ,Hke. J=,zfikr Hre ; [FJ , Hke. J=!zfier H kr 

S (H(8
'
8JH (8

'
8

)) - 28 o 
p . lj kf ' - lk i£ 

3necb F± =_!_(F 
J 2 J ±Fs ). 

J 

19 



' Ha HaW B3I'nSI):t1 B HaCTOSIWee 

«eHHSI 00 ['U(2) x'U(2)]~- HHBa

t anpoHoa. 

·. r epaCHMOBY. A.H. 3acnaa-

IHUKOMY 3a nno):tOTBOpHbie 

:cSI aenH"'HH 

SU(3)xSU(3) 

·CKHX H npO"'HX noneit miHeitHO 

~OpMaUHOHHbiMH CBOfiCTBaMH 1 

raoit nonynpoCTOfi I'pynnbi1 

,·OaHaKo Ha npaKTHKe 6onee 
14/ 

npn aHanH3e HapyweHHH 

·aaMH npencTaaneHHfi 

·6 MeTolt XoHepKaMna HBnSieT

wnpoKHM KnacCOM nHHefiHbiX 

1 Oopa3y10WHX 

>I SU(3) xSU(3) • 'reHepaTOpb! 

e MilTpHu Toit :IKe pa3MepHo-

' 
:nonO:lKHM1 . "'TO. BO MHO:lK9CTBe 

> aceMH I'eHepaTopaMH non

~cioyHoacKHX nonefi (f MO:IK-

( n.1) 

(n.2) 

npH ltOK636T91.1bCTBe HCil01.1b3yeTCSI tlJopMYna (2,1) 1 a, T6K:IK9 CBOHCTB6 h~ ·: 
exp(-iiUV )h~ exp(!i'U V )=hsD o • 

npellCTaaneHHSI (3,3)(i) (3,3) H (1,8) (£)(8,1) MO:IKHO IlOCTpOHTb C no-
1141 . 

MOWbiO MaTpHU 6 X 6 • .lJ.m1 IlOCTpOeHHSI npellCTaaneHHH (8,8) 1 

(1,10) (t) (10,1) (27,1)@ (1,27), a T6K:IK9 (8,1) (f) (1,8) YllOOHO npHMeHilTb 

MaTpHUbl 16 X 16. reHepaTOpbl I'pynnbi SU(3) xSU(3) (npellCTaaneHHe 

{ 1,8) (±) { 8,1 ) ) a npocTpaHcTae MaTpHU 16 x 16 HMeiOT cnellyiOWHfi BHJ:t: 

{n.3) 

u - Ma TpHUbi 2 x 2 , a f k HMeiOT pa3MepuocTb 8 x 8
1181

: 
3 . 

(f ) = f k ab - akb [ fl • I k 1 = Elkf 1 e o 

nocTpOHM Tenepb llnH npHMepa 063HC npellCTaaneHHSI {8,8) 

. (8,8) ( 
0 

H - .. ik - ·r 
hlk 

< ( n.4) 

cn.5) 

' ·r 
I'lle (h lk )ab =(h lk )ha. =8ia 8kb - aneMeHTbi MaTpHUbi 8 x 8, Benn-· 

"'HHbl {n,5) yaoaneTBOpSilOT cnellyiOWHM COOTHOWeHHSIM 

r 
+ . (8,8J • (8,8) - . (8,8J . (8,8) 

[ FJ ,H kf . j =llfjkr 'H rf ; [ F j . ' H kf j = !zf Jfr 'H kr {n.6) 

cn.7) 

3necb F ± = J... (F F · 
J 2 J ± 5. )o 

J 
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LJ T06bi . Bbi.rtenHTb [B(2) x·U(2) )N- HHBapuaHTHble KOMnOHeHTbl. B . M8TpH-
. . 

uax, nocTpoeHHbiX no peuenTy (IT.l ), HY*HO Bbi6paTb a npe.ncTaanea:un: ·n 
MaTpuuy · h~ -CHHI'neT no no.nrpynne [·U(2)x.U(2J]N • Heo6xoi:luMaH· aenH'IH

Ha c Tpaa:c¢opM8UIIOHHbiMH CBOiiCTBBMH npe.rtCTaaneHn:H D n:MeeT cne.rtyiOIUn:ii 

BHil: 

Sp I hD exp(igA)hD exp(~ig·AJ ). 
N s (IT.8 > 

flpHBe.rteM Bb!p8)!{9HHe .ltliH ( U (2) x'U(2)] N - HHBapHBHTHOH KOMnoa:eHTbl 6a3HC8 

(IT.5) npe.ncTaaneHHH (8,8): 

h (8,!.JH(8,8) _l_H(8,8) ..Li8,8) 1._ i8,8) 
N - 33 + v:r- 38 + ~ 83 + 3 88" (IT.9) 

AHanorH'IHI>Ie MeTO.rtbi y.no6ao npuMeHHTb TaK*e npu pa6oTe c nonstMH 
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