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The hypothesis of quark-biquark structure of ordinary ang charmed

baryons can be used to express unambiguously the constants in the

mass formulas of the quark models with flavors u, d, s, ¢ in terms
of the F- and D-ccupling constants in the baryonic symmetry SU(4).

The result is generalized to SU(n) symmetry.

The mass formulas for baryons with new guantum numbers have recently at-
tracted considersgble attention. Mest 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: 1ess frequently. This 18 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, [1]).
This 1s even more so 1n the case of the SU(5) 45-plet and the 3U(E) TO-plet
containing the 1/2% baryons with quantum numbers B and T.

On the other hand, 1t can be shown that phenomenclogical one-gluon poten-
tials often lead to mass formulas for baryons (see, for example [2]) with param-
eters that are linearly related to the P- and D-coupling constants in baryonic
SU(3) symmetry. It has beesn suggested that the quark-biquark structure in the
interior of baryens should be examined (see, for example, [3]). The baryon
masses were calculated in [4] in a potential gquark-biguark model. Mcreover,
it has recently been shown for the octet of 1/2% baryons in SU(3) that the
gquark-biguark flavor structure can be uniquely related to the F- and D-type
tensor structures typical for the hypercharge current [5]. An analogous resulst
is valid for the electroweak current in 3U(3) and SU(4) [6]. In the quark model
with three flavors, this approach leads te the Gell-Mann-Okubo mass formula.

We shall therefore try to generalize the most oopular mass formulas for the
20-plet of 1/2% baryons in SU(Y4) to the case of n flavors.

We recall that the mass term of the 3U(3) Hamiltonian is [7]
9D = (Mo — D). B8 + (D, + Fy) BB + (D, — F) BBt (1)

where B, ¢ is the octet of baryons with l/2+, p = B31. The mass splitting cper-
ator ) ‘ _

D gmu 2 ") Yo + mal

was proposed in [5] for the quark model with flavors u, d, s, where §q is the
hypercharge operator. The eligenvalues m'l and m, of the operator &G(B) dig-
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tinguish the single quark g' and the bigquark (gg) in the baryon B{{gglq'), re-
spectively, and can be uniquely expressed in terms of the F- and D-coupling
constants of the hypercharge current in (1): m=—Fy, my=Dy—Fr, where Mo+ (2/3) Dy mimy.,
The Hamiltonian (1)} can be generalized to the SU(4) 20-plet of baryons
described by the tensor % (% '=—b“w =0 @ § v=1,..., 4, by intrcducing into
HW the charmed baryon current
H"™) = (My—Dp+ Fp) B/B5%, + (1/2) (Dy + Fy) 3780% 5 -+

- co - - 2
+ (D, —F,) 8.2 3 + (1/2) (Do+Fg) b‘“ﬁb‘uﬂ + (Do —Fo) B, (2)

where bay=B%, g, b=1, 2, 3.,

We shall introduce the mass splitting into the fougp-flaveor quark model
via the hypercharge operator Yq and the charm operator Cq. The eigenvalues’

~

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

gquark is much greater than that of u, 4, s quarks, we shall determine for it

separately the eigenvalues mn' and my of the operator mq(B)'that correspond to
the single quark c¢ and the c-quark in the biquark, respectively, where mu‘ # ml'
and m; #_nl. The mass splitting operator in the q?ark model can then be written
in the form

4
E. Pty Wgr (1= 0p) +- 88l 4l g% d, s, e (3)

In numerical calculations, we use mgy = 1152 MeV, Fy + Dy = 84 Mev, bY -
- Fy = ~44 MeV, Do + Fp = -1425 MeV, D, - Fo = 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

Mz ttae 10y = M+ % my +m, — 2450 (2430) mov,

Mg ((mje) = M — -;- my 4 m; = 2830 (2730) Mmev,

""’s,uwici= my— -::" my -+ m, = 2640 (2550) mov, ()
'M!“{(ea)q) =mq +";'— my + 2mg = 3720°(3680) mev,

Mg_(ery= Mo — o=, 42 my = 3970 (3870) v,

q ¢ =u, d ' -

These formulas correspond exactly to the mass fermulas that follow from (2}

= . = t = - t = - P —D
when my Fy, my, FC’ m, DY FY, my DC _ FC. We then have mymMy+(2/3)Dr—Dc,
This result shows the validity of the hypothesis that there is az relationship
between the guark-bigquark flavor structure of barycocns and the tensor structure

of the btaryon current.

We draw attention to the formula for the masses of the EC particles. The
correspondence with the SU(L) baryonic symmetry is achieved only when the bi=-
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Quark 1s taken in the form (sql}, @ = u, 4. The form (cqg) or (es) is in conflict
with (2). X

The mass formulas for the charmed hyperons E/+(=A+(&u)), S(=A(Gd)) and Ad+(=Co*(cdu))
which have the same wave~-function structure as the A-hyperon, are as follows:

| 2 . 4 1 .
Ma' =imy— ry ml—-—-éf_m1+-3—m—-?m4 = 2520 (2490) mev,
. (3 *
(5)

B l N
M .+—m,+—m;+ "‘l+ m‘——s-m4—2290(2300) MeV

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

V3a, (Fduyy = "/i(c’,d,-)u,+'/.§_(?tu&)¢,_
_V.—_(cruf)d*-—V_(cfd Yag,

and similarly for the-Ec’ and A hyperons. The arrows + and + repfesent the

quark or hyperon spin components +1/2 and -1/2 and the tilde labels the heavy
quark (e-gquark in the present case). The biquark is marked by the parentheses.
The masses of only the folleowing four charmed iscmultiplets are known at present:
A+ (2281.2 £ 3.0 MeV), I, (2430 £ 5 MeV), §,° (2740 % 20 MeV), E,' (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).

Equatlions (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%s,.. B_gp that 1s antisymmetric in
the lower indlces and is traceless (20-plet in SU(M), 4s.plet in SU(5), and 70-
plet in SU(6)), will be written in the form
. . -
(n_g)l Bﬁm Bﬁ_zlgalﬁs Braegt (MG-E(Dt—Fa}) +

hamd

H SU(nj

. n : .
1 _ _ 4 Ptd g
* (n—3} [E[(D" £ B, g, Bn...gl+( )(Da+Fa)x

X E.m‘."'s""ﬂBﬂp,...s,._,]] v D3 456...=Dy,c5,1,...r the same for Fi,

wnich cor"eSDonds in the guark model with n flavors to the mass splitting cper-
atoer

L . .
mO_I + 2 mﬁi(B) [qu( Z 6“) + Z 6.&]1’1] ?71.5,0;.. = E; E. Tp veey
T el lmmd ’
and g¥ = u, d, s, ¢, b, t, ... for k=1, 2, 3, 4, 5, 6, ..., respectively.
The elgenvalues m'k, Ty s k=1, ..., n of the operator mq(B) are related to

the F- and D-coupling constants from (6) by me—Fr, m/mDy—Fy, mym—Fy, m'y=mDy—Fa, s=l, 2, 3;
k 2 4. Formula {(6) generalizes the eightfold-wave formula (1) [7] to SU{n)
baryonic symmetry. The baryon mass splitting is specifled by the series of PF-
and D-coupling constants that have a clear group-theoretic significance. They
are uniquely related to the varameters m’k, m 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 guark flavers and is usually taken into ac-
count in QCD calculations of gluon corrections.

The authors are grateful to Z. R. Babaev and F. ¥. Tikhonin for useful
discussions. ‘
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