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l, Within the quark bag model /1-3/ the consideratisn of multi-
quark states /4-1/ was one of the most interesting applications. In
these calculations the MIT version of bag model was usei. As pro-
posed in a static approximation 1 s the energy of a multiquark
system 1s determined / 298/ vy

E//?)=f%y%@ + %ZB/\Ds~—/%£ +A£c; , W
2\ 2 /2 2, . \2 )
MR-E~P) 1 Po=F m(%), ©

where R 18 the bag radius, ni is the number of gquarks of an
i-th type with energy (J;/R (&)u,dB 2,043 in the ground s-state;
Mu=Ma=0r /?’25 =280 MeV), B is an external pressure ( B V4 -
= 145 MeV), — Zo//? is a contribution of zero-mode fluctuations
(Zo'z 1,84 ), A.E represents a colour-gagnetic interaotion
(olg =2.2), The stability condition M 7R=0 tixes the bag
radius.

In the MIT version of the model the hadron spectrur is speci-
fied by the QCD interaction

Ey== 5 i mREXNEX

@
where /' 1is the total number of quarks, 6[ ()\L) ere the spin
(colour) operators of an i-th quark; G=M (m‘,e”’/,@) determi-
ne the strength of a colour-spin interaction. In a massless (/%=
case the average of (3) over a hadron state ?” is expressed

3, 4 .
through thecCasimir operators of spin SU2 : 3 _7(]-# ]) ,
oolour 5U3 . C3=O 3 spin-colour SU;J - defined by
quantum numbers of the considered state

4

2Eg=flool 8N -5 Cs + 5 TT1)] F3
where j is the tatal moment. Based on this formula i: is possible
to formulate the rules analogous to the Hund rules :‘rom atomio
physics. ,
For the case of dibaryons rules are the following ' 5/ The
lightest states are those in which quarks are in the mos3t symmetri-
cal (antisymmetrioal) with respect to oolour - spin (flavour)
representations.
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Such general considerations and caloulations based on the MIT
model lead to the conolusion 3 that a flavour-singlet six-quark
dihyperon H with strangeness - 2 and J =O+ may be stable with
respect to a strong decay.

Recently, the problem of stability of the dihyperon H has
agaln been discussed after nonusual signals from the Cygnus X-3
have been registered 3 « As a possidble explanation of this effeot
it was proposed /10/ that Cygnus X=3 is a star containing the strange
matter and it emits H dibaryons with a lifetime QZ; 2 10 years. The
¥alue of H mass is an essential point in the determination of its
lifetime and confirmation of this hypothesis /11 + While today
experimental situation on the emission from Cygnus X-3 stays inde-
finite /12/ s the search for multiquark states in cosmic rays and on
acoelerators intensively continues That is why correct calcu-
lations of multiquark masses, thelr lifetimes and deoay modes are so
important. In this respect the H dihyperon is most intriguing object
of the investigations,

The mass of H was estimated within different variants of the
bag model /556,14/ » the lattice approach, the QCD sum rule method
and Skyrme model 715/ « The aim of the present work is to calculate
the mass of H in the guark baﬁ model taking into aocount the struc-
ture of QCD vacuum /18/ . In 16/ such a model was proved to be con-
sistent with the method of QCD sum rules and canable of Adescrihing
the spectroscopy of the ground states of hadrons,

2. Let us formulate basic assumptions of the model /16/ « It 13
12/ that in the MIT model, it is assumed concerning the vacuum
structure that in the presenoe of valenoe quarks- nonperturbative
vacuum fully goes out of the bag. However, this hypothesis is not
compatible with the picture produced by the QCD sum rules 7 y and
it 1s not self-consistent. Really, the bag constant B charact7rising
the degree of destroying of vacuum ( By;p~(130-150 Mev)* /187
much smaller than the "depth" of nonperturbative vacuum known from
the QCD sum rules: 6°=—-3%-—<O|.°_;-T§ Gzlo>"-—‘—(240 Mev)*, This means
that the vacuum fields praotically do not change inside the bag-~had-
ron, Therefore, the neglect of the effects of QCD vacuum in the bag
beoomes physically groundless.

In works 1 basio principles were formulated allowing one
to consider the QCD vacuum in the bag.

known

4As a starting point, we take the QCD theory and available informa—

tion on the behaviour of its solution. First, we think that in a zero
approximation the structure of the solution is such that the low- and

high-frequency components of the solution are independent of each
other.

Second, we suppose that the (valence) components of the fields

ncles G~y are described by solutions

with charaoteristic freque ¢_— 6471. ﬂ ol _jba I))
of the static bag-model eguations ( (-"C)'Q ) ; Hr)=Hr )

Third, low-frequency (condensate) field components (&)<?409)
are assumed to be solutions of the QCD equations characteaiae)d(bé 23)
set of numbers.different vacuum condensate quantities(k , (e
Under these assumptions the Hamiltonian of the interaction of valence
components (?(X),ﬂT(x))with condensate ones (Q(-l')) ,,Q{")>1s restored
uniquely through the field transformation:

Zl’(x)=7(x)+0(x),‘ A=A e fped. P

In addition, there are QCD vacuum fluctuations w}{g WyaeDW
which may be approximated by the t'Hooft interaotion induced

by instantons. 16/
3, In the model the energy of a hadron is defined as

2 2 2 dﬁq — (6)
M = E -<P ) ) dR 0 ’
. 2
wl?ere <P 2/%;—" %yn;@?»/g) is due to the c.m. motion
OI quarx>» ol (7)

FER) =E, it L\.Eg * 8B vee v ol net
is ‘the Sag energy. In (7) the kinetic energy of quarks Ekn\and the

one-gluon interaction energy Agéa. are calculated as usualy in the
1,18,2 .
bag perturbation theory /1,18, :

E xin ={% n, “/R , (8)
av

- Q,_%Zé_s [ Moo+ (i—o,i3msR)MQS“'(1‘O,25m&)Ms;]’
o

AEg

where M L‘L
respect to spin-colourspin states of hadrons.

As was shown in 16/ a leading contribution to the hadron

gy caused by the valence- and oondensate-fields interaotion is

denotes matrix eslements of the operator (2) with

ener
generated by the Hamiltonian

Hyoe = ,422?(@1"7 + %/"Q)_ (10)



Then by using the stationary perturbation theory

AE e =<OH L@ 115y = Ue-29,0) |P> | au

00 o {n.,
Ue=,00=5 %‘% o[o/f, _;JJzﬂ TTH(Z,). H &)

where |CD) is a nonperturbed hadron wave function of the bag model,
we have

— g T OIUUOY p2  F<0/55/0) z(‘y“ag?%
AEVO.C— noﬂ xc_f R "/Zs/g xsz /e %/y-_{)-{-a +

2 _
g2ormu o’ 5 L (Zor Y)(4+0)(P-1) <OI3S/0 v
71502, (%,-1)% [’ o0 9652[24”?_{)”1] <o/wiuo> I'ls

+

12)
o+

7 2 3 2
44(4+a) Zo (% 1) 10/55/o>) M }
* > + ...

[2}(}. {}+a]2a§‘° LO/uU/0> ss >

where <O|@-LQ|0) are quark condensates, Y= a)s'p . a=Mm. P.

Expressions (12) are absolutely different from BR’ arising
"ed hoc"in the MIT version. In contrast, in the model considered
stability of the bag 1s achieved in a self-consistent manner due to
the interaction of quarks with a physical vacuumn. Moreover, the
potential (12) is drastically dependent on the number of quarks
with a given flavour, their masses and quantum numbers of considered
h7ggyn states (the latter is taken into account by the coefficientsfﬂ

).

S0, the long-wave vacuum fluctuations define the effective quark
mass (12). At the same time the interaction of quarks with a short-
wave part of vacuum fluctuations allows us, to a great extent, to
explain the mass splitting between the terms of SUf(J) hadron multi-
plets/16/. Within the model of QCD vacuum as an 1n7tanton liquid/ZI/
we get the two-particle contribution to the energy 16/

) > =
AEﬁ;{?&% Dab Ty {1+ 5‘32 Aag (4+36460)]

[2
and the contributio;x of three-particle forces specific for multiquark
states

(13)

3)

DL ngt =+ﬂ0?“°‘5 ]“"3/1’*3%)%/13(1*35; é;)-»

+5%0- d*ﬂ’/\z )ﬁ /V; [_{—3(6:, 65 +/Oelmu{azﬁs) (14)

oL . ’ £
v § e (6N (600)0(6°NDs |
2 pemVa9q 2 .
re = <0 0 a V/O)//54-7) is a dengity of
fzezstanﬁgs 1n<th/§?mode1 /21//"(/70 = (-‘77‘/0':450»2/3),

= (3 02) " )

2 —_
mremge m* , m"= 2L 2olR2UI05 P2

3
IOC is the characteristic size of an instanton in the QCD vacuum,
Loy o= $4713°00
Q. a, ba ; R %L .

=1
It should be enphaiized‘ that the interaction through instantons

13,14 ) takes place in a system \ Y of quarks in a zero mode
19,22-24, 16/

Sgigl)y=0. a5

1=4 —f =-c 2,7 F, c)
Diquarks? 2()3 'J=O)3 ) ,Qy(é)ﬁf,s triquarks?
Fu 4 v 3 3 .
ff’(_g,:l: 5, 2 )qi( 1= 5 {0 ) s etc. are such systems
¥e also note that the instanton interaction (13,14) is consi-
dered only in the first order of perturbation theory MO};;?I] to
that as it was done in the case of an external pion field

4. The model parameters

As ias seen from (1), the MIT model uses four parameters
(B,o(s,Z,,ms ). But, the parameter Z, 1is not well grounded,
the value of ms is too large, and B poorly agrees with the para-
meters extracted from the QCD sum rules and current algebra. The
value o(s-:' 2,2 does not agree with a perturbative expa.nsign in this
parameter, which was confirmed in one-loop calculations o In
multiquark systems, perturbative caloulations with large °[S get
still more uncertain

Within the description /16/ of energles of the ground states of



hadrons it has been proved that it suffices to choose the following
values of the parameters
oLe= 0,7, Mg = 220 MeV, _ (16) .
1 —
and Qe = 2 GV, CO/Q; (/0> = (250 4e¥)? (1 = u,a,8)
adopted from the model of vacuum 2/ and QCD sum rules 7’/‘
respectively.

5. To oaloulate the matrix elements of wo~ and three-particle
&)

operators included into AE fvac, AEmsz‘; Afursz‘
it 18 necessary to know the cluster expansion (dissooiationg of the
six—quark wave function of H: —g% H 6o~ o The
expansion method and wave functions are given in Appendix.

By using the wave functions (A3 ) we bave for the matrix

elements AFE g,8 F—tht

; 2/,9v00-22ﬂ,5+3/”ss)/ﬁ,

= £ (’5{'/ %0 _4-//‘708 + %Z/;,J'S)//e)
(2)//

‘"s{_—'g—”"([kd?ua/ +3[“S?us)//Q (18)

) n*
ot 1= 43/7 /T . n3
Ton 4 ua '/“d*(;lus/”S//K .

In acoordance with the selection rule (15) the three—particle
interaction :Lcs nonzero only for the component (I-O ""i)
T i/é 70 ) « S0y with the wave function ( A3 ) we have?

1214

VI /€6- (19)

It shou]églbe added that the approximation of coefficients
is given in ; coefficients J:Ln/1 / ( ISQS': 0. 65.[07), Iuds =0, 0244,
(d

6. By using the above-mentioned relations we obtain the estima-~
tion of dihyperon masses

My = 2.09 Gev R.=52 GeV (20)
MHi- 2.34 Gev Rie=53 Gev™t,
S0, our results show that the mass of H 1s less than QMA
but above the thershold of WA « Dihyperon H 1s absolutely

nonstables MH' >2Mr\ .

In accordanoe with the estimation of the lifetime of H in
AT = 1 weak decays established in work / sy the state with the mass
MH= 2.09 GeV 1s longlived’,‘t-// ~ 10"8 sec.

Note that in the approach developed a basic cause of the stabi-
1ity of H dihyperon 1s the interaction of valence quarks with short-
-wave fluctuations and physioally 1s due to the same mechanism by
which the mass splitting arises in hadron multiplets (ﬁ:-ﬂ,/t/— A) and
80 on splittings).

We also proved the spectroscopic Hund rule for quark systems
/4-6/ | At the same time its origin is absolutely different. The
nonperturbative instanton interaotion between a pair of quarks pro-
duoes strong attraction in a symmetric in colour spin representation
and 1s totally absent in antisymmetric states. The instanton interac-—
tion takes into aooount the strong interaction at intermedlate distan-
oes e and gives use to the formation of quasibound states, di-
quarks /23,28/ . So, the Hund rule is physically due to the existenoe
of digquarks.

Moreover, in multiquark systems there are multipartiole (7> 2)
instanton-induced forces (in colourless baryons such interactions
are absent because of the selection rule (15) ). 4t the same time
we show that the contributlon of three-particle foroes to the energy
of H atate is neeligible, AFLn)si:~ + 5 MeV.

Note also that very recently in the experiment carried by the
B.A,Shahbasian group the data that confirm the existence of H
dihyperon have been obtained 23 .

In oonolusion, the authors are thankful to P.N.Bogolubov for
constant attention and interest in the work and to S,B,Gerasimov
M.K.Volkov, 4,V ,Radyushkin, A.I,Titov, 5,M,Dorkin, V.T.Kim and B.A
Shahbasian for discussions. One of us (N.K,) also thanks I,Ya.Chas-
nikov for support.

Appendix., ¥The wave function of dihyperons
Appendix.

To construct the wave functions of H and H ainyperons, we
make use of the dissociation method developed in +« The idea of
this method was borrowed from work 6/. That method a.llows us to
oonstruot the wave functions of mu.ltiqua.rk systems (1 with
respeot to arbitrary dissociation (Clm' 1"’) (ra *mz_m,nrnl_n)
To olassify the basis states of multiquarks MY" , the group UL%
1s ohosen as the group in which the direct production of isosapin
SU;t sy strangeness U,_ s 8pin SUZ and co]+our groups is
embedded. (Singling out the flavour group is not effective



because of a strong mixing of the SU; quantum numbers arising in
the multiquark sector.,) Thus, the quark wave function relative

to their quantum numbers transforms by a fundamental representation
{1} of the group Lji& « In this case the scheme of the group reduc-
tion of the n-quark-system representation {ln 1s the following

IJC sJc

U —
. (SU,I_xSU:c)X( ui 5u2°) ()

T c ‘ c
SUs#(SU3 *SUs) * US=(SU; *SU3 )
SU; U« 'SUS xSUS

Using Racah's factorisation lemma (1949)  and the factorisa-
tion property of transformation coefficients for direct product
groups, the transformation of a 6-quark wave fync}ion to the
dissociation basis may be written in the form

3 @, RT 2 ), 175 (5,25, % 15 30 =
= )|[1(1"°(1, 1), 1"3’(5’,/\’5,3;/%)) iy c
7t AZ,:L/"J) (55 A5, 9, NI pITS30°2

(L2 75): 20 4 (£ ) LUt A"

AN A @A) | (A" ) 4" (TAD>

LN LECSAN (A 1) £ (500>

LIPS ALL PN AR Ae (o 49D

CONT POATL )| (VR As s 1>

(3,397,103 (W 1)L, (1 1) T (DD

PP YN Y 02

(42)

Here M {”5) is the number of(Z( C[)(and 3 quarks, | S

and are the isospin, strangeness a.nd total spin, respectively,
the representation of SU g

The oomplete expression of the expansion of the H dihyperon

*
wave function (the H wave function was given in ref, ) 1g:

IH>=0,8671€) -0,4991€,) |
4
lep=@é.{ Q,(f2,24,°24)Q , (4% %2 ;2 4)- ~—]-

-z wlah, o eoa_au“wei)- —1.

N 2 3;2.
B /{ Q7 (f2-24,%0) Q, (4% %%;

— -

Vb & { QUL 1?-'221)9 {, 1“1’ 221) e
v 2 2322 % 12329 R
\/;;{Q(iii A AT
AW URA T\ L7 AR [ BNE A L IR

- % & {Q-L(O727 i ) 24-)@_4(0) 2,32 ',22i>+ __-.}7

Q

le2)=\/§'é [Q,(,24,%21) Qo(4% "2 ;%24) ~ ~—— 1
B {0,852 00) -, [a%u 12 o
/R eW ", 43" ;o 2 t@g{ Q415 221)}
{a. w20/ [0h0,2. 1 o+
+\/£{ (0245720 /i [a, 0,22; 1)
. {O (0,9, 2035

o

Py

%

24
10 (a3)



where

0,(#,24,%20)= Q' (Re=31= £, A= 21, 7= %, pu-2),
Q.((0,2°2°21)= Q0-2,70, 222, K=1, =2, . % pe2),
Q, 1) 3/2,"2/) =Qn=12s=1* =1 M=t F %/—2{).

730/

*
Expression (A3) and the analogous one for H from are
used to oaloculate %Strix elements of the three-particle operator
contained in c;Et,s R e scalar isospin components with the

strangeness -1:(J_ 1(0 5, i 21) and Q_L(O 2 3p - 220
only give a nongero contribution. The se components are weighted with
the probability 25% in the total wave functicn.

To compute averages of two-partiole operators, one may apply
expressions of kind (A3) or to construct the dissociation q-—-q * 2
The coefficients of this dissooiation may be easi%y found by using
the equations for the Casimir operators of the Sl)z SU and sus
groups. 4s a result, we have for the basis 5U51 SU ¥5U

IH(0"0%,0)> K/;? (202)q2(202)+ (a8
uf—'fn"// 102012 0 43 0¥12 1 \odsty 9)+n% Ve X
“_OL}\‘P’"I—L N2 )" SRty Mty AR

QA" 170> =/ 5 92/2 09 /731 g g % 0/} (45)
VE 9 Cf(i 4,2) +(Z %9 (2/12)

1f the dissociations (AB—AB) are expressed as
Q= 2 w0 0). - = %) ¥ (49

then the matrix elements of the three—(x%) and two-(Céé) particle
operators are ocalculated with the help

ZQ°IRy| Q%= 20 X Wi RNG% , )

QRG> = 165 zfz @;/leqf% (8 )

where the combinatorial factors take into aoocount the muitiple
oharacter of interaction in an n~particle antisymmetric states.
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3¢ drexrs! Bakyyma KXJI 1 crabunsHocts H nurunepona

E2-86-847

CdopmynupoBaHa Moaenb MEWKOB, B KOTOPOH YYHTHIBAETCA B3aHMO-
JleicTBHE BAJIEHTHLIX KBAPKOB C BaKyyMOM KXJI ITocTpoeHb! BOJHOBBIE
q)ymcumx IMIrHIepoHHbIX cocToAaHuMi H = q (I = 0, S a2 J =0, 1¢)
MH* =q®(1=0,8 =~2, 7 =1, 1°) B 6asucax q x q® uq“ a® o
OTHOIIEHHI0 K IPynroBoil peayxuun Uyg— ...— SUL x U§x SUL x SUS.
[TonyueHa oueHka Macc HUrUrepoHoB: My = 2,09 FZB MH* = 2234 I'aB,
cBUIETENbCTBYIOIAA B mnons3y Toro, uro H, no-suauMomy, ABnAercA
cTabUIBHBEIM MO OTHOLEHHI0 K CHIbHBIM pacnanaM. [loxa3aHo, 4To ocHoB-
HbIM 3G dEKTOM, OMpenenAlllIdM CNeKTP MYJIbTHKBapKOBLIX COCTOAHHH
ABJIAETCA HHCTAHTOHHOE B3aMMopencTBHe, ¢opmupyolIee IHKBapKH.

Pa6ora BbimonHeHa B JlabopaTopuu Teoperudeckoit ¢wmsuxu OHAU.

Npenpunt O6bEAMHEHROTO MHCTHTYTA ANEPHLIX HeCnefioBaHui. [ly6Ha 1986

Dorokhov A.E., Kochelev N.IL
Effects of . QCD Vacuum and Stability of H Dihyperon

E2-86-847

Within the composite quark model taking into account the interac-
tion of quarks in the bag with vacuum fields of QCD the masses of H(I =
8 =-2,320,1% and H¥I = 0, S=-2, J = 1,1C)dihyperons are _estl-
mated: My = 2.09 GeV, My* = 2,34 GeV. It is shown that the leading
effect giving a stable with respect to strong decays H dihyperon is the
instanton interaction forming diquarks: q2(J = 0, C = 3}, q%(J =1,C=6).
With the approach developed the contribution of QCD hyperfine interac-
tion is suppressed and instanton induced three-particle forces in multi-
quaxk hadrons (q3 (J = 1/2, C=8) — channel) are negligible.

'I‘he investigation has been performed at the Labotatory of Theore-
tical Physics, JINR.
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