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The hypothesis of quark-biquark structure of ordinary and charmed 
baryons can be used to express unambiguously the constants in the 
mass formulas of the quark models with flavors u, d, s, c in terms 
of the F- and D-coupling constants in the baryonic symmetry SU(4). 
The result is generalized to SU(n) symmetry. 

The mass formulas for baryons with new quantum numbers have recently at
tracted considerable attention. Most approaches are based on some variant of 
the quark model with n flavors (n = 4, 5, 6). Departures from the unitary sym
metry of baryons are allowed much· les.s frequently. This is so because, .even in 
the SU(4) symmetry, the mass 'difference between the 1/2+ baryons in the 20-plet 
is so large that the analogy with SU(3) is difficult to see (see, however, [l]). 
This is even more so in the case of the SU(5) 45-plet and the SU(6) 70-plet 
containing the 1/2+ baryons with quantum numbers B and T. 

On the other hand, it can be shown that phenomenological one-gluon poten
tials often lead to mass formulas for baryons (see, for example [2]) with param
eters that are linearly related to the F- and D-coupling constants in baryonic 
SU(3) symmetry. It has been suggested that the quark-biquark structure in the 
interior of baryons should be examined (see, for example, [3]). The baryon 
masses were calculated in [4] in a potential quark-biquark model. Moreover, 
it has recently been shown for the octet of 1/2+ baryons in SU(3) that the 
quark-biquark flavor structure can be uniquely related to the F- and D-type 
tensor structures typical for the hypercharge current [5]. An analogous result 
is valid for the electroweak current in SU(3) and SU(4) [6]. In the quark model 
with three flavors, this approach leads to the Gell-Mann-Okubo mass formula. 
We shall therefore try to generalize the most popular mass formulas for the 
20-plet of 1/2+ baryons in SU(4) to the case of n flavors. 

We recall that the mass term of the SU(3) Hamiltonian is [7] 

H SU(3) ., D na b · .,.. .., "" b M = ( .. ,.- y)·o•B• + (Dy+ Fy) a 3o<i + (Dy-F'() 0083 • ( l ) 

where Ba is the octet of baryons with 1/2+, p = B
3

1 The mass splitting oper
ator b 

was proposed in [5] for the quark model with flavors 
hypercharge operator. The eigenvalues m• 1 and m1 of 
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u, d, s, where Y is the 
A q 

the operator mq(B) dis-



tinguish the single quark q' and the biquark (qq) in the baryon B((qq)q'), re
spectively, and can be uniquely expressed in terms of the F- and D-coupling 
constants of the )1ypercharge current in (1): m,--Fr, m{-Dr-Fr, where Mo+(2/3)Dr-mo. 

The Hamiltonian (1) can be generalized to the SU(4) 20-plet of baryons 

described by the tensor b"ttr (b"iW=-b"w b"..,=O. '" p, y= 1 ••.. , 4), by introducing into 
HM the charmed baryon current 

HMSU(4J = (M,-_Dc+Fc> b,"""'•P + (1/2) (Dy +Fy) ~ .. Pb'•P + 
+(Dy -Fy) b,"3b1:a + ( 1/2) (De+ F c> i; ... Pb'•P + (Dc-F c> b,"'b'••· 

( 2) 

We shall introduce the m~ss splitting into the fou~-flavor quark model 
via the hypercharge operator Y and the charm operator e • The eigenvalues 

A q q 
of eq are zero for q = u, d, s and + 1 for q = c. Since the mass of the c-

quark is much greater than that of u, d, s quarks, we shall determine for it 
separately the eigenvalues m4' and m4 of the operator mq(B) that correspond to 

the single quark c_and the c-quark in the biquark, respectively, where m4 • F m1 • 

and m4 F. n 1 . The mass splitting operator in the quark model can then be written 

in the form 

• 1;, ;;;,.181 [Y,.(l-_a••> +.a..C,.1+m.7. q'-'·'"=•· d, s, c. ( 3) 

In numerical calculations, we use m0 = 1152 MeV, Fy + Dy = 84 MeV, Dy -

- Fy = -44 MeV, De + Fe = -1425 MeV, De - Fe = 1227 MeV, and indicate in paren
theses the mass values predicted by the multiparameter bag model [3]. The masses 
of the charmed isomultiplets are then given by 

Mt,U<<'J<I = m, + : m, +m~ = 24r.o (2430) Mev, 

4 ' • • ?730) Mnc<<•)c)=mo-3m1 +m4 =2830(.- Mev, 

. 1 • 2550 
Mac< (sq)cJ = Ille - 3 m1 + m4 = 2~0 ( ) Mev, ( 4) 

.Ms«{(ec)q) = m.+f m; + 2"'4, =a 3T.'0•(3680) MeV, 

2 • 387 
"Mg«({CC).i)= n1o - 3 lllt + 2 Mt= 3970 ( 0) Mev, 

q, q'=u, d. 

These formulas correspond exactly to the mass formulas that follow from (2) 
when m1 = -Fy, m4 = Fe, m1

1 = Dy - Fy, m4 • = De _Fe. We then have mo-M,+(2/3)Dr-Dc. 

This result shows the validity of the hypothesis that there is a relationship 
between the quark-biquark flavor structure of baryons and the tensor structure 
of the baryon current. 

We draw attention to the formula for the masses of the _c particles. The 

correspondence with the SU(4) baryonic symmetry is achieved only when the bi-
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quark is taken in the form (sq), q = u, d. The form (cq) or (cs) is in conflict 
with (2). 

The mass formulas for the charmed hyperons So'•c-A+(csu)), Z,"(=A'(csd)) and A.'•(=C,+(cdu)) 
which have the same wave-function structure as the A-hyperon, are as follows: 

. I 2 • 4 I • . 
M, =~- - m1--m1 +-,,,.--

3 
m4 =2520 (2490) MeV, 

a" 9 9· - 3 • 

(5) 
MeV 

and were obtained from the following quark-biquark structure of the wave func
tions of these hyperons: 

and similarly for the 2 1 and A hyoerons. The arrows t and + represent the c . 
quark or hyperon spin components +1/2 and -1/2 and the tilde labels the heavy 
quark Cc-quark in the present case). ·rhe biquark is marked by the parentheses. 
The masses of only the following four charmed isomultiplets are known at present.: 
Ac+ (2281. 2 ± 3.0 MeV), l:c (2430 ± 5 MeV), Qc' (2740 ± 20 MeV), 2

0 
1 (2460 ± 25. 

MeV) [8], which means that no final .conclusion can be made as to the validity 
of the formulas given by (4) and (5). 

Equations (2) and (3) can readily be generalized to an arbitrary number 
of flavors. In the SU(n) baryonic symmetry, the mass term in the hamiltonian 
for the 1/2+ baryon, described by the tensor B"1~ ... ,.,p,,_,i. that is antisymmetric in 
the lower indices and is traceless (20-plet in SU(4), 45-Plet in SU(5), and 70-
plet in SU(6)), will be written in the form .. 

H su<o1 _ I B 111. ... p,,_:z! B" (Mo - ti (D -F ) ) + 
M (n-2)! " 111. ... p,,_:z! .(.,j • ' 

. ·-· 
• 

I [ti [ D F )- l•l!. ... ~,,_:zl " I 0 D :f- (n-3)1 .(.,j ( ·- > B., B 1•11. ... p,,_,i+ (n-2) ( •+F,)X .... 
-B ll!. ... p,,_,iBk ] D D F 

X .t lila•••l\t-21 • 3,f,S,6 ... = Y,C,B,T,.,,• the same for Ji• 

(6) 

which corresponds i·n the quark model with n flavors to the mass splitting oper
ator 

Y .. , •· = C. B. T . .... . . ... 
and qk = u, d, s, c, b, t, ..• fork= 1, 2, 3, 4, 5, 6, ... ,respectively. 
The eigenvalues m'k, mk, k = 1, ... , n of the operator mq(B) are related to 

the F- and D-coupling constants from ( 6) by m,•-Fr, m.'•Dr-Fr, ~--Fa, m',.-D,.-F,,, s=-1, 2, 3; 
k 2. 4. Formula (6) generalizes the eightfold-wave formula (1) [7] to SU(nl 
baryonic symmetry. The baryon mass splitting is specified by the series of F
and D-coupling constants that have a clear group-theoretic significance. They 
are uniquely related to the parameters m'k' mk that characterize the quark-
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biquark structure of baryons. It may be considered that the series of F~ and 
D-coupling constants reflects the presence of a series of mass scales that are 
related to the freezing out of the quark flavors and is usually taken into ac
count in QCD calculations of gluon corrections. 

The authors are grateful to z. R. Babaev and F. F. Tikhonin for useful 
disc'..lssions. 
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