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HryeH Tx11 XoHr P2 - 12770 

CBOHCTBa 3neKTpOMarH11TH~X onepaTOpOB aAPOHOB no OTHOWeHI1~ 
K rpynne SU( 4) 

H3y4eH~ anre5pal14eCKI1e CBOHCTBa 3neKTPOMafHI1TH~X onepaTOpOB aA
POHOB no OTHOWeHI1~ K rpynne CI1MMeTPL1L1 SU(4). ,AnR ycTaHOBneHL1R COOTHO
WeHL1H Me~AY 3KCnepL1MeHTanbHO 113MepReM~ML1 BeflL14L1HaMH,KaCa~L1ML1CR Ha-
6n~AaeM~X aApOHOB,HaPRAY C o5~4HOH peAYKI.lL1eH rpynn~ SU(4) K noArpyn
naM SU(3) L1 SU(2) npoBOAHTCR Ta~e KnaCCH<!>HKallHR aAPOHOB no peAYKI.lL1L1 

,..., 
SU( 4) :;- SU(3) ::J SU(2) 0 . 

AflR pac~enneHHH MaCe aAPOHOB 3a C4eT 3neKTPOMarHL1THOfO B3aL1MOAeHCTBL1R 
nony4eH~ pa3nL14H~e npaeHna cyMM. PaccMoTpeH~ Ta~e 11HKn~3L1BHble npo
l.lecc~ aHHL1fl1flRI.lL111 nap~ e+e- 11 yCTaHOBfleH~ HeKOTOp~e COOTHOWeHL1R 
Me~AY L1X Ce4eHL1RML1 KaK cneACTBI1R SU(4) -CL1MMeTpL1L1, 

Pa5oTa B~nonHeHa B na5opaTOPI1L1 TeopeTL14eCKOH 4>11311KL1 OH~H. 

Coo6meHf!e 06bellf!HCHHOI"O f!HCTf!TyTa SlllCPHhiX RccnenoeaHf!l!, Lly6Ha 1979 

Nguyen Thi Hong P2 - 12770 

SU(4) Electromagnetic Properties of Charmed Hadrons 

The SU(4) structure of electromagnetic operators is considered. 
The classification of hadrons according to the decomposition 
St'(4) ::J SU(3) ) SU(2)- is given. The sum rules for the electromag-
netic mass spl itti~g of hadrons as · wel 1 as for the cross-section of 
inclusive e+e--annihilation processes are obtained. 

The investigations has been performed at the Laboratory of 
Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06'b8JlHH8HHblR IIHCTHTYT HJJ.epHblJC HCCneJlOBBHHR ,0y6Ha 

0TKP~T~e 04apoBaHH~X aAPOHOB cnym~T 6onbW~M CT~MynOM AnR 
~3y4eH~R SU(4) -c~MMeTp~~, npeAnomeHHoi:t paHee MHor~M~ ae-
TopaM~ / 1-5 / , L\enb HacTORutei:t pa6oTbl - ~3Y4~Tb SU(4) 
CTpyKTypy 3neKTpOMarH~TH~X onepaTOPOB ~ paCCMOTpeTb HeKo
TOp~e ~X np~MeHeH~R. 

§ 1. SU(4) -CHMMETPH4HbiE 3IlEKTPOMArHHTHbiE OnEPATOPbl 

nycTb F -onepaTOP~ rpynn~ C~MMeTp~~ SU(4) . B~BOA~M 

6 
~ a 

o ut~~ B~A onepaTopoe, KOTOpble npeo6pa3y~TCR KaK npo~3BeAe-
H~e onepaTopoe 3neKTP~4ecKoro 3apRAa. M~ 6yAeM ~cnonb3oBaTb 
MOAenb, B KOTOPOH KBapK~ np~HaAnemaT nepBOMy ¢YHAaMeHTanb-
HOMy npeAcTaeneH~~ rpynnbl SU(4) , np~TOM KBapK ~MeeT 3neK-
TP~4eCK~i:t 3aPRA +2/3, r~nep3aPRA 1/3 ~ 4apM 1. TorAa one
paTop~ ~3ocn~Ha 1, 3neKTp~4ecKoro 3aPRAa Q , r~nep3aPRAa Y, 
~ 4apMa C Bblpama~TCR 4epe3 F COOTHOWeH~RM~: 

a 

= F , a = 1,2,3, 
a a 

(;: = F + -1-F __ 2~F 1 ( -+- n- n) /1.1/ 
3 -

y 3 
8 -

v'6 
15 6 

2 1 1 Y = -F - - .F +-(n-n), 
...;3 8 ...;6 15 12 

3 1 -C = - -.=- F + - (n - n) , 
y6 15 4 

rAe n(n) - 4~cno KBapKOB /aHT~KeapKOB/ B aApOHe AaHHOrO 
MynbT~nneTa. 

HMeeTcR, eoo6ute roeopR, TP~ T~na 11 BeKTOPH~X11 onepaTopoe, 
~3 KOTOP~X MOmHO nOCTPO~Tb n~OH TeH30PH~H onepaTop: 
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F,d FF , d d FFF , 
a abc b c abe ecd b c d 

/1.2/ 

rAe dabc - KOHCTaHTa, nOHBnH~~aHCH B aHT~KOMMyTaTopax 
SU(4) -MaTp~~ renn-MaHHa A , 

a 

lA. , A. I = 2d A. + o . 
a b abc c ab 

0AHaKO B paMKaX TeOp~~ ~BeTHbiX KBapKOB BCe Ha6n~AaeMble 

aApOHbl eCTb ~BeTHble C~HrneTbl, CTPOH~~eCH ~3 Tpex KBapKOB 
~n~ napbl KBapK-aHT~KBapK ~, cneAOBaTenbHO, np~HaAJle>KaT K 
TaK Ha3biBaeMbiM npeACTaaneH~HM c BblpO>KAeH~eM / 6/ . AnH 3T~x 
npeAcTaaneH~A aeKTOPHbiA onepaTop TpeTbero nopHAKa 
d d F F .F d MO>KeT 6biT b Bblpa>KeH 4epe3 BeKTOPHble 

abe ecd b c 

onepaTOPbl nepaoro ~ BToporo nopHAKOB, Fa ~ d abc F b F c . 
TaK~M o6pa3oM, Mbl MO>KeM Han~caTb cneAY~~ee Bblpa>KeH~e AnH 
onepaTopa Q (n) , npeo6pa3y~~erocH KaK npo~3BeAeH~e n 

onepaTOpOB Q : 

Q (n) = ~ ~ C (F ) i (D ) i- i /1.3/ 
i = O j = O ij Q Q 

rAe C .. - HeKOTOpble KOHCTaHTbl no OTHOWeH~~ K npeo6pa30BaH~
lJ 

HM SU(4) , 

F = F + _l__ f - 2 F 
Q 3 y3 8 y 6 15 /1.4/ 

DQ = D3 + 1 D8 - 2 015' Da = fabcFbFc. 
y3 y6 

Bb1pa3~M Tenepb DQ 4epe3 onepaTopbl, cooTBeTCTBy~~~e onpe
AeneHHbiM KBaHTOBbiM 4~cnaM 4acT~~bl a MynbT~nneTe. OnepaTOPbl 
D

8 
11 D

15 
6bln~ Bbl4~cneHbl a pa6oTe / 7/ • 

HMeeM: 

_L0 __ 2_ 0 = -!...K+li{_ly2_lc2-
..;3 8 ..;6 15 . 2 2 6 6 /1.5/ 

1 - 1 - 1 -2 
--(n-n)C+-(n-n)Y +--(n-n) , 

12 36 108 

rAe 4epe3 K o6o3Ha4aeTCH onepaTop Ka3~M~pa BToporo nopHA
Ka Ami noArpynnbl SU(3) : 

8 
K = ~ F 2 

a= 1 a 

4 

,., 
K - TaKQH >Ke onepaTop AJIH HeKoTopoH APYrOH noArpynnbl SU(3) , 

8 -
K = ~ F 2 

a= 1 a 

F = .F • ¥ = .F • F = .F , .F = F • .F = F 
1 1 2 2 3 3 4 9 5 10 

.F 
6 

.F • . F = F • F = l .F + .E.:LL.F 
11 7 12 8 3 8 3 15 

Hcnonb3YH HBHble 3Ha4eH~H d
3
bc , nony4aeM: 

D =-2- .F .F +!_(.F2+.F2)-_!_(F2+ .F2) + 
3 ..;3 3 8 2 4 5 2 6 7 

+ - 2- F .F + ..!_ (.F 2 + .F 2 ) - !... (.F 
2 

+ F 
2 

) 
..;6 3 15 2 9 10 2 11 12 

Y4~Tb1BaH, 4TO reHepaTopbl 

U = F , U = F , U = - ..!_ F + JL.L.F 
16 2 7 3 33 2 8 

o6pa3y~T noAanre6py U -cn~Ha /8/ 
npeo6pa3yeM 4neHbl 

!_(F 2 + F 2 ) - _!_(F2 + F 2) 
2 4 5 2 6 7 

cneAY~~I1M o6pa3oM: 

_!_(F2 + ·F2) _.!..(F2 + F2) 
2 4 5 2 6 7 

= !... K - ..!_ 12 - u 2 + .l. F 
2 

+ LF 
2 

2 2 4 3 4 8 

SU(3) -anre6pbl, 

y3 .F .F8 
- 2 3 

Aanee, 3aMeT~M, 4TO reHepaTOPbl 

- - 1 1 2 
U = F , U = .F , U =--F +--.F +y-F 

1 11 2 12 3 2 3 2..j3 8 3 15 

/1.6/ 

/1.71 

/1.8/ 

/1.9/ 

"\./ 

o6pa3y~T noAanre6py SU(3) 
U -cn~HOM. Y4~TbiBaH 3TO, 

anre6pbl, KOTOPY~ 6yAeM Ha3b1BaTb 
npeo6pa3yeM 4neHbl l(.F 2 + ·F 2 ) 

2 9 10 
_ l(F2 +F 2) 

2 11 12 
TaK11M >Ke nyTeM, KaK ~a /10/, ~ nony4aeM: 

1 2 2 1 2 2 
-(F + ·F ) --(F + ·F ) 
2 9 10 2 11 12 
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1- 1 2 -2 1 2 1 2 2 2 
=-K --I -U +-.F +-.F +-.F 

2 2 4 3 36 8 9 15 

1 2 ..J2 
- --.F .F 8 - V - F s·F 15 + --.F 8 F 15 . 

2/3 3 3 9 

/1.10/ 

no~cTaBnRR /1.8/ H /1.10/ B /1.6/, M~ HMeeM I c Y4eTOM /1.1/: 

D 1 - 2 2 u- 2 1 Q2 1 y2 =-(K+K)-I -U- +- +- + 
3 2 2 3 

1 2 1 1 1 -
+-C --QY --QC +-(n-n)Y-

3 2 2 36 

/1. 11/ 

1 - 1 ( ;:-,2 --(n-n) C +- n-n,. 
12 108 

8 peaynbTaTe nepexo~HM K <!>opMyne: 

Q(n) = ~ i C [ Q - _1 ]j [ K- I 2 - U 2 - U 2 + 
i=O j=O ij ' 2 

/1.12/ 
1 2 1 2 1 c2 1 1 1 1 1 Ji-J. +-Q +-Y +- --QY--QC--C +-Y+-
2 6 6 2 2 2 6 6 

~R 6apHOHH~X MynbTHnneTOB H 

Q (n) = ~ ~ C Qj [ K - I 2 - U 2 - U 2 + ..!._ Q 2 + 
i=O j=O ij 2 

1 2 1 2 1 1 i-j 
+ -Y +-C --QY --QC] 

/1. 13/ 

6 6 2 2 

~R Me30HH~X MynbTHnneTOB. 

§2. SU(3) - -~ U -KflACC~<I>~KAl.(HR 
tlnR npHMeHeHHR onepaTopa /1.12/ HR~ /1. lJ/ K KOHKpeTH~M 

a~poHaM M~ ~OnmHbl 3HaTb HX 3Ha4eHHR K , U , HnH, 4TO TO 
me caMoe, K KaKl-!M ripe~cTasneHHRM no~rpynn SU(3) H U 
OHH npHHa~emaT. AnR SU(3) -KnaccH$HKa4HH Mb1 OTMeTHM, 4TO 
onepaTop -2y2F +·F KOMMYTHpyeT CO BCeMH reHepaTopaMH 

8 15 
no~anre6p~ SU(~ H, cne~osaTenbHo, cooTBeTCTBY~ll.lee eMy 
KBaHTOBOe 4HCnO npHHHMaeT O~HHaKOBOe 3Ha4eHHe ~R BCeX 
4neHoa ~aHHoro npe~cTasneHHR SU(3) -no~rpynn~. C ~pyroH cTo
POHbl, H3 ypasHeHHH /1.1/ cne~yeT: 

- - 1 
-2..j2.F + ·F =-v6Y + --(n-ii). 

8 15 2-.;6 /2.1/ 

6 

TaKHM o6paaoM, rHnepaapR~ ~MomeT 6~Tb HcnonbaoaaH ~R paa
~eneHHR 4neHoB H3 paaHbiX SU(3) -MynbTHnneToB. 4To KacaeTcR ,...., 
4neHoB o~Horo H Toro me SU(3) -MynbTHnneTa, TO OHH oTnH-
4a~TCR ~pyr OT ~pyra H30CnHHOM H 4apMOM, TaK KaK 

.F =I 
1,2,3 1,2,3. /2.2/ 

- 1 V3 1 -F =-·-Y---C+ (n-n). 
8 

_ 2..;a 2 3y3 - -
tlnR U -KnaCCH$HKa4HH ~ OTMeTHM, 4TO onepaTOP .F + - 1- .F 

- 3 .J3 8 
KOMMyTHpyeT c reHepaTopaMH /1.9/ anre6pbl U-cnHHa. C APY-
roH CTOPOHbl, 

1 - 1 1 -
.F +--.F =Q- -Y-C+-(n-n). 

3 - 8 3 9 y3 
/2.3/ 

TaKHM o6paaoM, 4neHbl o~Horo H Toro me U -no~MynbTHnneTa 
HMe~T O~HHaKOBOe 3Ha4eHHe Q -C. 0HH OTnH4a~TCR ~pyr OT 
~pyra aapR~OM Q /HnH 4apMoM C I, TaK KaK 

1 1 2 1 1 
U =--.F3 +--.F +y-F =-(Y-Q-C) +-(n-ri}./2.4/ 

3 2 2/3 8 3 15 2 6 

3TH 3aMe4aHHR n03BOnR~T HaM npOBeCTH KnaCCH$HKa4H~ no 
pe~YK4HH SU(4) ) SU(3) ) SU(2)u ~osonbHo npocTo, ecnH Ha-
aecTHo SU(3)- co~epmaHHe ~aHHoro SU(4) -MynbTHnneTa. 
PaccMoTpHM KOHKpeTHble cny4aH. 

+ a/ 20-nneT 1/2 6apHOHOB 

3TOT MynbTHnneT OnHC~BaeTCR cnHHOpOM TpeTbero paHra 

1/J[ ij) k' \. y~osneTBOpR~ll.IHM ycnOBHRM: 

1/1 --1/1 
[ ij]k - [ ji]k ' 

1/J[ij]k +1/J[jk]i +1/J[ki]j =O. 

Ero SU(3)-co~epmaHHe TaKoao: 

20 = 8 + 6 + 3 + 3, 

l 



co cneAYIOliiHM pacnpeAeneHHeM * 
- OKTeT c c =0: 

Y = 1, I = 1/2: p, n , 
Y = 0 , I = 1 : I+ , I o , I- , 
y=O, I=O: A, 
Y =- 1 , I = 1 /2 : Eo, E-. 

Ero pacnpeAeneHHe no U-cnHHy: 
AY6neT: p, I+ , -
TpHnneT: n .11__>.. _ LI o ::- o 

. 2_ 2 • - • 

CHHrneT: .1._>.. + ~ I o, 

AY6neT: 
2 2 

~- =
,&, ' ,_ 

- 6-nneT C C=1: 
Y=1, I=1: R++.R+ , R o, 
Y=O, I=1/2: S+,S 0

, 

Y =- 1 , I =0 : T o • 

Ero pacnpeAeneHHe no u-cnHHy: 
TpHnneT: 
AY6neT: 
CHHr.neT: 

R ~, S 0 , T 0 , 
R • s +. 
R++. 

- 3-nneT c 
Y =1, I 
y =0' 

c =1: 
=0: A+, 
=1/2: s+. s o . 

Ero pacnpeAeneHHe no U -cnHHy; 
-<:HHrneT: s o, 
AY6neT: ~A+, S + • 

- 3-nneT c C =2: 
Y=1,I=1/2: 
Y =0, I =0: 

u++ • u + • 
v+. 

Era pacnpeAeneHHe no U -cnHHy: 
AY6neT: U +, V + , 
CMHrileT: u++ . . 

4 Mbl Hcnonb3yeM TaKHe >Ke o6o3Ha4eHH.R AJl.R 4aCTH4, 4TO 
..., 8 pa6oTe hi . 

.a 

'I 
• 

0TCIOAa 8HAHO, 4TO n04TH BCe 3TH 4aCTHij~ eCTb onpeAeileHH~e 
cocTO.RHH.R no OTHoweHHIO K peAYK4HH SU(4) ::> Su(3) ) SU(2) _ 

u 
3a HCKI1104eHHeM 4aCTHij S H S , KOTOpble HMeiOT H,(jeHTH4Hble 
K8aHT08ble 4Hcna Y, I H C 1-1 no3TOMy 8XOA.RT 8 SU(3) -Mynb
THnneTbl C onpeAeileHHbiM CMeUJH8aHHeM, J.1 4aCTHij !A+ H R + , KOTO-
pble H~eiOT H_fleHTH4Hble K8aHT08ble 4J.1Cila Y , Q H C H n03TOMY 
8XO,[\.RT B U -MyJlbTHnneTbl TO>Ke C onpeAeneH~M CMeWJ.18aHHeM. 
3TH CMeWH8aHH.R MO>KHO nerKO HaHTH H3 3aKOHa npeo6pa308aHH.R 
AJl.R 80I1HOBbiX ¢YHK4HH 4acTHij. B pe3ynbTaTe HMeeM: 

- 0KTeT C Y=1: 
c = 0, I = 1/2: p, n, 
c = 1' I = 1: R++, R + , R 0

, 

c = 1' I = 0: A+, 

c = 2, I = 1/2: u+ +, u + . 

Ero pacnpeAeneHHe no U -cnHHy: 
AY6neT: p, R++, 

n ,;a A+- .l._R + U++ 
. 2 - 2 • ' 

_! ~A + + v3 R+ 
2 2 

TpHnneT: 

CHHrneT: 

AY6neT: R0
, U +, 

- 6-nneT c y = 0: 
c = 0, I = 1: I+,Io, I-, 

c = 1' I = 1/2: .l._s+ + Y3 s+ .l._s o +v3 s o 
2 2 • 2 2 • 

c = 2, I = 0: v+ 

Ero pacnpeAeneHHe no U -cnHHy: 

TpHnneT: I- , _!_so+ v3 so v+ • 
2 2 , 

AY6neT: I o, .l._s+ +As+. 
2 2 

CHHrneT: I+. 

-3-nneT c y = 0: 

c = 0, I = 0: >.., 

c = 1' I = 1/2: - ..;a s + + .l. s +. - ..;a s 0 + !. s 0 • 

2 2 2 2 
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Ero pacnpeAeneH~-te no U-cn~-tHy: 

ya so 1 Bo 
CHHrileT: - -

2
- + 2 • 
v3 + 1 + 

Ay611eT: A - --S + -B , 2 2 

- 3-nneT c 
c = 0, 
c = 1, 

y = -1: 
I=1/2:E 0 ,E-. 
I = 0: To. 

Ero pacnpeAeileH~-te no U -cn~-tHy: 
AY6neT: E-, T 0

, 
,_o 

CHHrileT: I= • 

+ 
6/ 20-nneT 3/2 6apHOHOB 

3TOT MYilbTHnileT OnHCbiBaeTCfl CHMMeTpH4HbiM CnHHOPOM TpeTb-
ero paHra t/1 • Ero SU(3) -coAep>KaH~-te TaKoeo: 

ijk 
20 = 10 + 6 + 3 + 1, 

CO CileAY~~HM pacnpeAeileHHeM: 

- AeKanneT c 

y = 1, 

y = 0, 

Y =-1, I 
Y =-2, I 

c = 0: 

3/2: N*++, N*+, N*0 ,N*-, 

1 : 

1/2: 
0: 

I_*+, I.*o, I.*-, 

,._*0 ,_ *-::. ' t::. ,-
n-. 

Ero pacnpeAeneHHe no U -cnHHY: 

KBapTeT: N*-, I.·-, E.*-. n -, 
TpHnileT: 

AY611eT: 

CHHrileT: 

- 6-nneT c 

y = 1, 

y = 0, 

y =-1, 

10 

N*o, I*o, E*o, 

N*+, I.*+, 

N*+ +. 

c =1: 

1 : R*++ , R*+, R* 0
, 

1/2: s•+, S* 0 

I 0: T* 0
• 

Ero pacnpeAeneH~-te no U -cn~-tHy: 

TpHnileT: R* 0
, S*0

, T*o, 

AY611eT: R* + S*+ , , 

CHHrileT: R*++ 

- 3-nneT c C =2: 

y 
y 

1, 
0, 

1/2: 
0: 

U*++ , U* + 

V*+. 

Ero pacnpeAeneH~-te no U -cn~-tHy: 

AY611eT: 

CHHrileT: 

- C~-tHrneT c 
Y = 1, I 

U*+, V* + , 

u *++' 

c =3: 
o: x++. 

.J 

Knacc~-tl)JHKal.IHfl no SU(3) -npeACTaeneHHfiM Allfl 3Toro MyilbTH
nneTa 04eBHAHa. Mbl HMeeM: 

- AeKanneT c y = 1: 

C=O,I =3/2: N*++,N*+,N* 0 ,N*-, 

c = 1, 

c = 2, 

c = 3, 

1: 

1/2: 

0: 

R*++, R* +, R* 0
, 

U*++, U* + 

X++ 

Ero pacnpeAeneH~-te no U -cn~-tHy: 

KeapTeT: N*-, R* 0 , U*+, X ++, 

Tp~-tnneT: 

AY611eT: 

CHHrileT: 

- 6-nneT c 
C = 0, I 

N*0
, R*+, U* ++, 

N*+ , R*++ , 
N* ++ 

y = 0: 
1: I_*+, I.*o, I,*-, 

C = 1, I= 1/2: S*+, S* 0
, 

C = 2, I = 0: V*+, 
Ero pacnpeAeneH~-te no U -cn~-tHy: 

TpHnileT: 

AY611eT: 

CHHrileT: 

I.* -, s * 0
, v * + , 

I,*O' S* + ' 

I.*+ • 

11 



- 3-nneT c 
c = 0, 
c = 1, 

y 

I 
I 

-1: 
1/2: 
0: 

,....., *0 ,_ *-t:: , :: 
T*o. 

Ero pacnpe,qeneHHe no U -cnHHy: 

,qy6neT: E*-, T*o, 

CHHrJleT: E*o, 

- CHHrneT c Y = -2: 
c =O, I =O: o-. 

B/ 15-nneT 0--Me30HOB 

3TOT MyilbTHnJleT OnHCbiBaeTCR 6eccne,qHbiM TeH30POM 
Ero SU(3)-co,qeplKaHHe TaKoeo: 

15 = 8 + 3 + 3 + 1, 
co cne,qy~~HM pacnpe,qeneHHeM: 

0KTeT C C = 0: 
Y=1, I =1/2: K+,Ko, 
Y = 0, I = 1: 11+, 11°, "-
y = 0 , I = 0 : _ TJ• 
Y= -1, I= 1/2 K 0

, K-. 

Ero pacnpe,qeneHHe no U -cnHHy: 

,qy6neT: K+ , " + , 

TpHnneT: 

CHHrileT: 

,qy6neT: 

K o' y3 TJ - _!_ "o' 
2- 2 

1 . /3 
-TJ + ...:y_:::_1To, 
2 2 
11-, K-

- 3-nneT c C 1 : 

0: F+ , 

i{o 
' 

y 
y 

1 , I 
0, I 1/2: o+ , o o. 

Ero pacnpe,qeneHHe no 

oo 
' CHHrJleT: 

,qy6neT: .F +, o+. 

-3-nneT c C 

12 

Y = 0, I 
Y=-1,1 

-1: 
1/2: 
0: 

U -cnHHy: 

0°, D 
F-

cf>j 
i 

• 

Ero pacnpe,qeneHHe no 

,qy6neT: 
CHHrneT: 

- CHHrneT c 
y = 0, 

o- F
Bo'. 

c = 0: 
I = 0: 

U-cnHHy: 

TJ • 
c 

CHoea Mbl BHAI-IM, 4TO no4TH see 3TH 4aCTHI.lbl e_sTb onpe,qeneH
Hble cocTORHHR no OTHoweHI-1~ K pe,qyK~HH SU(4) :::> SU(3) :::> SU(2) _ 

u 
3a I-1CKJ1~4eHI-1eM TJ - 1-1 TJ c -Me30HOB, KOTOPble HMe~T HA~!HH4-
Hble KBaHTOBble 4Hcna Y, Q H C H n03TOMy BXOART B SU(3) -
MYilbTHnJleTbl C onpe,qeneHHbiM CMeWHBaHHeM, a TaKlKe TJ -Me3o-
HOB H 11 ° , KOTOPble !-1Me~T l:!i\eHTI-14Hble KBaHTOBble 4HCJ1a Y , Q 

H C 1-1 n03TOMY BXOART B U -MyJlbTHnneTbl C onpeAeJleHHbiM CMe
WHBaH!-1eM. B pe3ynbTaTe Mbl !-1MeeM: 

- 0KTeT c y = 0: 
c = -1, I = 1/2: o o . o- , 
C= 0, I = 1: 77+, rr 0 , 11-

1 2/2 
C= 0, I = 0: -ry + ---TJ 

3 3 c 

C= 1, I = 1/2: o +. oo . 

Ero pacnpeAeneHI-Ie no U -cnHHy: 

,qy6neT: Do, "+ , 

p n . D- 1 y 2 1 o o+ T H neT. ---.::=- T/ + -TJ - -11 , , 
2y3_ 3 ~ 2 

1 y2 ...; 3 0 

CHHrneT: -TJ + --TJ + --11 , 
6 3 c 2 

AY6neT: 11- , D 0 
• 

3-nneT c Y = -1: 

0: F: c 
c 

-1 , I 
0, I 1/2: K 0

, K-

Ero pacnpe,qeneHHe no 
CI-IHrneT: K-

U -cni-1Hy: 

,qy6neT: .F- , K 0 
• 

3-nneT c 
C = 0, I 
C = 1, I 

y = 1: 
1/2: 
0: 

K+, K 0
, 

F+. 

tl 



Ero pacnpeAeneHHe no U -cnHHy: 

AY6neT: K 0 , F + , 
CHHrneT: K+ . 

- CHHrneT c y = 0: 

2y2 1 
----ry + -ry 

3 3 c 
C = 0, I = 0: 

MynbTHnneT 15-eeKTOPH~x Me30HOB KnaccH$H~HpyeTCR coeep-
weHHO aHanorH4HO. 

§ 3. HEKOTOPWE nPHMEHEHHH 

B Ka4ecTee npHMepoe npHMeHeHHR $opMyn /1.12/ H /1.13/ 
M~ paccMaTpHeaeM e 3TOM naparpa$e 3neKTpoMarHHTH~e pac~en
neHHR Mace fiapHOHOB H e+ e- -aHHHrHnR~HOHH~e HHKni03HBHble npo
~eCCbl. 

npeAnOnaraR, 4TO onepaTOP 3neKTPOMarHHTHOro pac~enneHHR 
Ma cc ~M e e 2 - npH6nHlKeHHH BeAeT ce6R npH SU( 4) - npeo6pa
aoeaHHRX KaK npoH3BeAeHHe ABYX onepaTopoe 3neKTPH4ecKoro 
3apRAa, M~ HMeeM AnR fiapHOHHbiX MynbTHnneTOB: 

2 i 
t\M - d 2

) = I. I. C 
1 j - 2 2 ..-'2 

[Q--] [K-1 -U -U + 
i= 0 j=O ij 2 /3.1/ 

1 2 1 2 1 2 1 1 1 1 1] i-j +-Q +-Y +-C --QY--QC--C+-Y+-
2 6 6 2 2 2 6 6 

3Ta $opMyna noaeonReT HaM HanHcaTb 3neKTpoMarHHTH~e Mac
Cbl 4epea nRTb napaMeTpoe: C , C , C , C , C - H OT-oo 11 20 21 22 . 
CIOAa nony4HTb Maccoeble npaeHna cyMM. Mbl npH~eAeM 3Aecb HeKo-
TOPble HaH6onee HHTepeCH~e H3 HHX /KpOMe peaynbTaTOB, OTHO
CR~HXCR K SU(3) ·-cHMMeTpHH/: 

I.+ +I.- - 21. 0 = R++ + R 0 -2R+ /3.2/ 

+ 
AnR 20-nneTa 1/2 6apHOHOB H 

R*+-R*0 = S*+-S*0
, /3.3/ 

I.*++ I.*- - 21.*0 = R*++ + R*0
- 2R* + - /3.4/ 

1.*0 +1.*- -21.*+=4(R*0 -R*+)+(U*++ -U*+) /3.5/ 
+ 

AnR 20-nneTa 3/2 6apHOHOB. /MaCCbl 4aCTH~ 0603Ha4eHbl HX 
CHMBOnaMH/. 

14 
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nony4aeM Tenepb COOTHOWeHHR AnR Ce4eHH~ HHKni03HBH~X npo
~eCCOB THna 

e+ (p) + e- (k) ... A + see, /3.6/ 

rAe A -HeKoTopbl~ aAPOH paccMaTpHeaeMoro SU(4) -MynbTHnneTa. 
MaTpH4Hbl~ 3neMeHT npo~eccca /3.6/ e npH6nHlKeHHH OAHO$oToH

Horo 06MeHa HMeeT BHA: 

T = -ev(p) y 1-Lu(k) - 1- < XA 1 J (e)(O) I 0> , /3.71 
q2 1-L q=p+k 

rAe J(e)- 3neKTPOMarHHTH~~ TOK aAPOHOB . 
Ha '73. 71 Mbl HMeeM cneAYIO~ee BblpalKeHHe AnR ce4eHHR POlKAe

HHR aAPOHa A 

a(A)- ri-Lv I. < 2M IJ(e)(O)!O >< O!J(e)(O)!X:A > , 
1-L v 

/3.8/ 
X 

rAe MHOlKHTenb f IJ.V BblpalKaeTCR 4epe3 nenTOHHble TOKH. 
Hcnonb3YR Tenepb CBO~CTBO KpOCCHHr-CHMMeTpHH H ycnoBHe 

nonHOTbl Ha6opOB COCTORHH~, Mbl MOlKeM HanHCaT b: 

a(A)- <Aile) (0) J(e)(O) !.A > . /3.9/ 
1-L v 

TaKHM o6pa30M, BOnpoc CBOAHTCR K HaXOlKAeHHIO COOTHOWeHH~ 
MelKAY MaTpH4HbiMH 3neMeHTaMH <!A 1 J(e) (0) J (e)(Q) !.A> AnR 
pa3HbiX A AaHHoro MynbTHnneTa. 1-L v 

TaK KaK J?) J se) npeo6paayeTCR KaK Q (:!) npH SU(4) -npe-
o6paaoeaHHRX, HaM OCTaeTCR Ha~TH COOTHOWeHHR MelKAY MaTpH4-
HbiMH 3neMeHTaMH <!A 1 Q (2) 1 !A > . 

nocTynaR TaK IKe, KaK H B npeAbiAY~eM npHMepe, Mbl npHXOAHM 
K cneAYIO~HM peaynbTaTaM /npHBOAHM TOnbKO HaHfionee npOCTble 
cooTHOWeHHR, KpoMe+H3BeCTH~x ylKe H3 SU(3)-cHMMeTpHH/: 
- AnR 20-nneTa 1/2 6apHoHoe: 

a (R + ) = a (S + ) , 

a(U +) = a(V +), 

a(A+) =a(B+), 

a(R 0
) =a(T 0

), 

+ - ++ + 
a(I. )+a(l )-2a(I. 0 )=a(R ) +'a(R 0 )-2a(R ) 

/3.10/ 
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a(U * + ) a(V* +), 

/3. 11/ 

- Ailfl 15-nneTa 0 -Me3oHoe: 

a (F ± ) = a (D ± ) , 
/3. 12/ 

TaK~e me COOTHOWeH~fl ~Me~T MeCTO ~ Ailfl 15-nneTa 1--Me-
30HOB. 

B 3aKI1~4eH~e fl e~pama~ ceo~ ~cKpeHH~~ np~3HaTeilbHOCTb 

npo$eccopaM B.A.Me~epfiKOBY ~ A.H.Taexen~A3e 3a ~HTepec K 
pa6oTe. 
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