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Mallbl..leB B.M. P2 - 12571 

MHoroKsapKos~e cocTOHH~H a MOAenHx c SU~) 
C~MMeTp~eH 

npeAnO~eHa npOI..IeAypa, n03BOnH~~aH OAH03Ha4HO B~pa3~Tb 
npoeKI..I~~ MHOrOKBapKOBOrO COCTOHH~H Ha Henp~BOA~MOe npeA­
CTasneH~e rpynn~ SU~) 4epe3 ~HTerpan a napaMeTp~4ecKOM 
npocTpaHCTBe 3TOH rpynn~. 

Pa6oTa B~nonHeHa B na6opaTop~~ TeopeT~4eCKOH ¢~3~K~ 
OHRH. 

npenpHHT 06'beLIHHeHHOrO HHCTKTYTB SILiepHbiX KCCneLIOBBHHil, .Qy6Ha 1979 

Maltsev V.M. P2 - 12571 

Multiquark States in Models with SU(4) Symmetry 

A procedure is proposed which allows one to express 
unambiguously the projection of a multiquark state to the 
irreducible representation of SU(4) group via an integral 
in the parametric space of this group. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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B uacToJlmee speMJI noHBBJiacL ua,n;e)!(,n;a, 'ITO TeopBJI xsapxos, 

B3aBMO,n;eii:CTBYJOUlBX C Hea6eJieBLIMB KaJIH6pOBO'IHLIMH llOJIJIMH, 

no3BOJIHT onucaTL .n;unaMBKY CHJILHoro B3aHMo.n;eii:cTBBJI. CymecT­

syeT y6e)!(,n;euue, 'ITO nea6enesa xann6poBO'IHaJI TeopHJI co.n;ep)!(HT 

y,n;ep)!(aHBe KBapKOB H, CJie,n;OBaTeJILHO, B 4JH3H'IeCKOM ClleKTpe 

COCTOJIHHH OTCYTCTBYWT B30JIBpOBaHHLie COCTOJIHHJI 'laCTHn, COOT· 

BeTCTBYJOUlHe 4Jyu,n;aMeHTaJILHLIM llOJIJIM /KBapKaM H rJIWOHaM/ . 

CneKTp a,n;pOHOB BKJIW'IaeT TOJILKO CBJI3aHHLie COCTOJIHHJI, KOTOpLie 

OTHOCHTeJILHO KaJIH6pOBO'IHOH rpynnLI npe,n;nonararoTCJI CHHrJieTa­

MH. Taxoe npe.n;noJIO)!(eHHe o6bJICHJleT 6onLrnoii: ycnex xsapxosoii 

MO,n;eJIH , XOTJI CB060JlHLie KBapKH He Ha6nro,n;aroTCJI. 

B 3TOH 4JopMyJIHpOBKe KBapKOBOH MO,n;eJIH a.n;pOHLI JIBJIJIWTCJI 

CBJI3aHHLIMB MHOrOKBapKOBLIMH COCTOJIHHJIMH, H, eCTeCTBeHHO, 

B03HHKaeT npo6neMa npoeKnHH npOH3BOJILHOrO llpJIMOrO npOH3Be­

,n;eHHJI 4Jyu,n;aMeHTaJILHLIX MYJILTHllJieTOB rpynnLI CHMMeTpHH Ha 

3a.n;auuoe uenpuso.n;nMoe npe.n;cTasneuue f.n;nH nseTnLix rpynn -

cuurneTnoe/. U:enL .n;auuoro uccne.n;osaHHJI - BLipa3HTL Taxyro 

npoexnBW .n;nH xsapxosoii Mo.n;enn c SU (4) CHMMeTpHeH 'lepe3 

HHTerpaJI B napaMeTpH'IeCKOM npOCTpaHCTBe rpynnLI CHMMeTpHH. 

Ksa.n;paT npoexnnu /cTaTBCTH'IeCKHH sec/ seKTopa A , KOTOPLIH 

B HallieM CJiy'lae JIBJIJleTCJI llpJIMLIM npOH3Be,n;eHHeM COOTBeTCTByro­

mero 'IHCJia KBapTeTOB B aHTHKBapTeTOB, Ha npOCTpa HCTBO, npeo6-

pa3yromeeCJI no nenpuso.n;HMOMY npe.n;cTasneunro c curuaTyp·oif 

I h 1 , h 2 , h 3 , 0 ] , pas en 

2 - l h lh 2h :Pl 
j·. lh 1 \1 2 h 30 ]I A ~I ~" A l P l A > , 

r.n;eonepaTop p l h l h2h30] 

plh 1 h 2h30] ( g) -,. Ni h 1h 2h3 ll] 

HMeeT BH.Il 
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H npoeKTHpyeT BeKTOp~ no~npOCTpaHCTBa, B KOTOpOM ~eHCTBYIDT 

onepaTop~ D(g), Ha npocTpaHCTBO, npeo6pa3yiDweec.ll no HenpuBo· 

~HMO MY npe~cTaBneHIJID [ h 1h,2h 3 0 l. B Bbipa)f(eHHH 121 d g -
l h h h OJ :JneMeHT o6'beMa; x 1 2 3 (g) - xapaxTep npe~cTaBneHH.II, 

pa3MepHOCTb npe~CTaBneHH.II paBHa 

[h 1 h2h3 o] 1 
N ~ -,- [ (h1 +3)(h 2 +2)( h 3+ 1) ( h 1- h 3 t 2)(h 1- h2 tl)(h 2-h3 tl) 

12 131 
IIo~cTaBn.ll.ll 121 B I 11, nony'laeM 

l< [h1h2 h30l\A >\ 2~ Nlh1h2h3olr dg-x * [hth2h3o\g) x 

[10ool [1ooo] [1110] [1110] 
x D (g) ... D (g) D 1~ r~ (g) ... D f3 f3 (g) , 

a 1' a 1 a i ' a i ~-'1 ' ~-'1 j ' .i 141 

l1 000] 
r~e D P.,P. (g) - ~uaroHanbH~e MaTpH'iHbie :JneMeHTbi nepe-

XO~a Me)f(~y COCTO.IIHH.IIMH 4JXH~aMeHTanbHOrO npe~CTaBneHH.II lxBap • 

TeTal, ~n.ll aHTHKBapTeTa oleV 10](g) =Dp[tOOO] (g). 
0 0 

AHanorH'IHbiH no~xo~ ~n.11 SU (3) rpynnbi CHMMeTpHH 6bm 

npe~no)f(eH aBTopoM1 1
·: ~n.11 SU (2) - QepynycoM 121

. 

liy~eM C'iHTaTb uenb ~OCTHrHyTOH, ecnH nonr'ieHO B~pa)f(eHHe 

~n.ll 3neMeHTa 06'beMa rpynnbi, ~HaroHanbHbiX D r_1?00 J (g) -ljlyHK· 

uuii: ~n.11 ljlyH~aMeHTanbHOro npe~cTaBneHH.II H ~n.11 xapaxTepa npoHJ­

BOllbHOrO HenpHBO~HMOrO npe~CTaBneHH.II 'iepe3 COOTBeTCTBYIDII.IHe 

"yrnbi 3ii:nepa". 

B paccMaTpHBaeMOM cny'iae 4 -MepHa.ll yHHTapHa.ll YHHMo~yn.11p· 

Ha.ll SU(4) rpynna ·.IIBn.lleTC.II 15-napaMeTpH'iecxoii:. THnH'IH~ii ee 
' 3 . 

:JneMeHT 

U(g) , D(o1,o2,o3)U3A(<Il3 .a6 )U 23 (03 ,a,)> 

> U24(<1l2 •0 4)Ut2 ((:12 · 0 3 )U13((:1 1 ,a2) Ut4(<1ll. at), 

4 

151 

1/, 

r~e 

D(a1 ,a2 ,o 3 )= 

iot 
e 

eio2 

e io3 
- i<o 1 to2 to 3) 

e 

161 

a U il • 4-MepH~e YHHTapH~e yHHMO~yn.llpHbie MaTpHUbl, HMeiDiliHe 

BH~ 

1 

1 

u34(<1l3 ,a6) ~ cos<ll 
3 

sin<ll eta6 
3 

-sin<ll e - 'a6 
3 

cos<ll 
3 

171 

OcTanbH~e U iJ ( 0. a) Ma TPHU~ nocTpoeH~ aHanorH'iH~M o6pa-

30M, T.e. ~HaroHanbH~e 3lleMeHT~ a l .i H aJ.j paBH~ KOCHHYCY,9 

nepBoro apryMeHTa, ocTaBwuec.ll ~uaroHanbH~e :JneMeHT~- e~HHH· 

ua, a He~HaroHanbH~e :JneMeHTbi Bee paBHbi HyniD, xpoMe 
• (:1 ia . O - Ia a J.i ~ sm . e H a ., -· sm . e 

IJ 
113 15 napaMeTpOB, Ja~aiDII.IHX TO'IKY B napaMeTpH'ieCKOM 

npOCTpaHCTBe rpynnbi, WeCTb napaMeTpOB <fli, 8J i =1,2,31 HMeiDT 

CM~cn non.llpHbiX yrnoB c o6nacTbiD onpe~eneHH.II ( -rr/2, rr / 2) . 

ocTanbH~e ~eB.IITb napaMeTpOB o i , a J I i =1, 2, 3; j =1, ... 61 
MOryT 6b!Tb OTO)f(~eCTBlleH~ C aJHMyTallbH~MH yrnaMH H o6naCTbiD 

onpe~eneHH.II (-rr,rr). 

C ljJH3H'ieCKOH TO'IKH 3peHH.II npe~CTaBn.IIIDT HHTepec TaKHe 

MaTpH'iH~e 3ll8MeHT~ OT nonHOrO npeo6pa30BaHH.II U(g), KOTOpbie 

.IIBll.IIIDTC.II ~HaroHallbHbiMH no h t , h 2 , h 3 H no BHyTpeH,JIHM ~OCTOJI· 
, llOOOJ 

HH.IIM MYllbTHnneTa. ,D;uaroHanbH~e KBapTeTH~e De. e ( g) 

ljlyHKUHH HeTpy~HO onpe~enHTb, npe~CTaBHB THnH'iHblH 3lleMeHT 

rpynnbi 151 B BH~e MaTpHU~ 4x4. 0TCID~a cne~yeT 

[ 1000] i 0 1 
D u,u (g) ·= e cos<ll 1 cos0 1 cos82 • 
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[tooo] i82 D d d (g) = e cos <ll cos e cos e , 
• 2 2 3 

ltooo] io 
D S,S (g) = e 3[cos<ll 3cos el cose3- cos<ll2 cos<IJ3. sin el X 

- i((Tz- 03-05) 
X Sin 8 2 sin 8 3 e + 

-i(a2-a3 - a 4 +a 6 ) 
~ sin<IJ

2
sin<ll

3 
sin8

1 
sin8

2
e ] 

[tooo] -Hor-8e'83) 
D (g) = e [cos<ll

1 
cos<IJ2 cos<ll3 -

c , c 

-i(a4 -a5 -a6 
- cos <IJ

1 
sin <IJ2 sin ¢ 3 sin-e3 e 

/8/ 

-j(a
1

- a
2

-a
6

) 

-sin <Ill sin<ll3sine l cose3 e 

-i(a -a - -a) . ,.. . ,.. , e ·e 1 3 4 -sm ..... 
1 

sm ..... 
2

cos ..... 3 cos 
1 

sm 2 e 

. -j(a
1

- a
3
-a

5
-a6 ) 

-sm<IJ
1
cos<ll

2 
sin<J13 cose

1
sin02 sin83 e l. 

COOTBeTCTBYIOil{He <IJyHKilHH ,IJ;JHI aHTHKBapTeTa 6y,IJ;yT KOMnneKCHO­

conpJnKeHHhiMH. OTCIO,IJ;a cne,~~;yeT o<JeBH,IJ;HOe Bhipa)f(eHHe ,~~;nR xa­

paKTepa KBapTeTa. 

3HaH xapaKTep <IJyH,IJ;aMeHTanhHoro npe,~~;cTaoneHHH-KBapTeTa, 

H JaMe<JaH, 'ITO xapaKTep cyMMhi npe,~~;cTaoneHHii. paoeH cyMMe 

xapaKTepOB, a npHMOrO npOH3Be,IJ;eHHJI - npOH3Be,IJ;eHHIO, nerKO Haii.­

TH xapaKTep HHTepecy1Qil{ero Hac npe,~~;cTaoneHHH, HanpHMep; 

)([2110] ~ )tooo]. X* ltoool _ 1 • /9/ 

[2110] 
r,~~;e X xapaKTep npBcoe,IJ;HHeHHoro npe,~~;cTaoneHHH 

pa3MepHOCTH 15. 

Heo6xo,~~;HMo OTMeTHTh, 'ITO <IJyH,~~;aMeHTanhHhle npe,~~;cTaoneHHH 

SU (4) He BC<Jepnh!BaiOTCH npHBe,IJ;eHHhiMB J,IJ;ech. Cyll{ecToyeT ell{e 

O,II;HO <IJyH,IJ;aMeHTallhHOe npe,IJ;CTaoneHBe [1100) pa3MepHOCTH 6. 

O,~~;HaKo, KaK noKaJaHo AHTOHH, Cnaii.JepoM H OaKecoM 14
/ , npe,~~;­

cTaoneHBH SU (4) pa36HBaiOTCJI Ha 4 Knacca , KOTOphie o6pa3y10T 

OTHOCHTellhHO npHMOrO npOB3Be,IJ;eHBJI IlHKllH<JeCKYIO rpynny <JeTBep-

6 

Toro nopH,IJ;Ka. llpe,~~;cTaoneHBH Knacca 2 /co,~~;ep)f(all{Be <IJyH,IJ;aMeH­

TanhHhiH CHKCTeT/ npBHa,IJ;ne)f(aT rpynne Bpall{eHBH B WeCTBMepHOM 

3BKllH,II;OBOM npocTpaHCTBe 0(6)-::..SU(4) / Z 2, r,IJ;e Zn- ,II;BC­

KpeTHaH rpynna n KOpHeii. H3 e,IJ;BHB!lhl. B a,IJ;,IJ;HTBBHOH KBapKOBOH 

MO,IJ;enB, llOCTpoeHHOH Ha U , d , S , C - KBapKaX, TaKBe npe,IJ;CTaB­

neHHJI He HCllOllh3YfOTCJI, ll03TOMY B ,IJ;allhHeii.WeM Mhl BX paCCMaT­

pHBaTh He 6y,IJ;eM. 

qT06hi Bhi'IBCllBTh 3lleMeHT 06'heMa rpynnhl, BBe,IJ;eM B OKpecT­

HOCTh ,IJ;aHHOrO 3lleMeHTa TaKHe napaMeTphl </> i , 'ITO 

u+ a u =A
1

• 
iJ¢1 

(i:1, .. . , 15) , /10/ 

A. -
1 

r,~~;e MaTpH!lhl 
15 

/ 5 / 
renn- MaHHa . Tor,IJ;a JneMeHT o6'heMa rpynnhi 

n ct ¢ . . 
j;J 1 

/11/ 
dg = 

)J;ns n106oii. ,~~;pyroii. napaMeTpB3a!lHB •1Jl (j ~ 1 , .. . , 15) BMeeM 

ctg= E<<Pll._h5 
ct<ll . 

D(<IJ . ) H J 
J 

Onpe,~~;enHTenh D (¢ i) / D (<ll J ) 

PBilhl nepexo,IJ;a OT au / a<IJj 

oT u+ au 
a<lli 

K U+ .~,.A 
a¢ i 1. 

/12/ 

HBnHeTCH onpe,~~;enHTeneM MaT-

K au,ta¢i B, cne,~~;ooaTenhHO, 

ll03TOMY B ,IJ;allhHeii.weM OCTaeTCJI 

Bhi'IBCllHTh llJITHa,IJ;!laTh MaT pHil U+ ~~ . ( j = 1, ... ,15), pa3ll0)f(BTh 

BX no A i : 
J 

+a u i U -- =a .A . 
a<IJ . J I 

J 

B HaRTH onpe,~~;enBTenh MaTpB!lhi aj 
0,IJ;HaKO, ecnH ,IJ;eHCTBOBaTh yKa3aHHhiM CllOC060M, TO KOHeqHhiH 

pe3yllhTaT HBJIJieTCJI BeChMa .CllO)f(HOH 15-MepHOH MaTpH!leH, onpe­

,IJ;ellHTenh KOTopoii. nonyqHTh Tpy,~~;Ho. )J;nH ynpoll{eHHH pacqeTa 

6h!ll0 BCllOllh30BaHO npeo6pa30BaHBe 

u+ ~ -+ vu+ au v+ • 
a<ll. a<IJ. 

J J 
/14/ 
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r.D.e V- mo6aJI YHHTapHaJI MaTpHI.(a, KOTOpaH, H3MeHJIJI MaTpHI.(y aJ • 
He MeHJieT OIIpe.D.eJIHTeJib . qT06bi MaKCHMaJibHO yrrpOCTHTb Bbi'IH-

CJieHHJI, Mbi Bbi6paJIH V=U34 U 23 U 24 U 12 U 13 U 14 , r.D.e U34 orr-

pe.D.eJieHa COOTHOWeHHeM /7 I' a OCTaJibHble uij IIOCTpoeHbi aHa­

norH'IHbiM o6pa3oM. B 3TOM cnyqae JJieMeHT o6'beMa rpyrrrrbl 

6 3 
dg ~ Il D da

1
do . d<l\ d8e·Bin2<1\·Bin28f.COS 280 .cos

282 /15/ 
~ ~ 1 J,k, r ~- 1 t 

COOTHOWeHHJI /4/, /8/ H /15/ IIOJIHOCTbiD pewaiDT IIOCTaBJieHHYID 

Ja.IJ.a'ly. 
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