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Abstract Assuming that the three quark interaction can be described in
terms of pair interactions, and that the quark-quark interaction is re-
lated to the quark-antiquark interaction (V{gq)=1/2 V(gq)), we  have
calculated the baryon masses as three-quark bound states. W have also
calculated the relativistic corrections coming from the spin-spin in-
teraction. Finally, our results have been compared to the available ex-
perimental data.

1. INTRODUCTION

Using a phenomenological potential we have calculated the
baryon masses and the hyperfine splittings. This model, which is able
to reproduce the aspects of confinement and asymptotic freedom of the
strong interaction theory (QCD) has been used with success by many
authors in hadron spectroscopy. In the present work, we have obtained
the baryon spectrum. For this we have used a coordinate transformation
made by Flugge et all’? and Zickendraht® that permits us to write the
Schrodinger equation in one variable only. This method, which has been
used for the ccc and bbb systems by d'Oliveira et al.* has now been ap-
plied to all the baryons formed by quark flavors u, d, s, ¢ and b using
the parameters calculated by Castro et al.’. For the ground states, we
have calculated the hyper%ine splittings coming from the spin-spin, term

of the Breit-Fermi Hamiltonian.

2. NONRELATIVISTIC THREE-BODY PROBLEM

For the three-body systeni (fig. 1) the Schrodinger equation in

the center-of-mass system can be written as

Work partially supported by CNPg and FINEP (Brazilian Government

Agencies).



Revista Brasileira de Fisica, Vol. 16. nQ 4, 1986

Fig.1 - Three-body system: m;, =, and

m, are the masses of the quarks.
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where r, and F’, are the position vectors, and » is the reduced mass.

Following Fligge et al.'*? and Zickendraht®, we can perform

. -

a sequence of coordinate transformations and go from the coordinates z,

>
and x, to the coordinate y, o, B8, ¢, 6, V.
fn this system, the distances are given by

[(mﬁmz)mj /2 /2
, = —_ (1 - sinasin )’ (&)
ry2 mm, Y ina
(my#m Im|1/2
2 . . . /2
ry, = [lom__z—m}—_; y(1 - sinasin(p-§,))" (5)
(m_4m Ym|1/2
ry, = __Zr_n_r;__] y(1 - sinasin(a-5,))"/? (6)
" M3
where
m, (m_ ~m, Y-m_(m_+m }
6, = arc cos( L2 e 2} ; 08 <m (7)
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( my my=my)-my (my+m,)
§, = -arc cos ; &8, €27 (8)
(mi+m2) (ma+my)

The Schrb'dinger equation can be written as

BY = EY (9)
+L
ve 1. Fi(y,0,8)00,(9,8,0) (10)
ol (8,0,0) = e, (8)FY an
Fry,.8) = e ) (12)
where A(y) is solution of
th 59 m b(A+2))
2 T F-vypl- =2y =0 (13)
lay2+y3y+h2[ yz A
With
) =y AW (14)
we have
12 - you2n]
W) +9% [Evw)] + L} £y =0 (9
h2 y2

This last equation can be solved numerically, givingthethree

-quark bound state energy. The bound-state mass is given by
M(q,q,q,) =m(q,) + mlqy) +mlq,) +£(q,9,9,) (16)

In order to obtain equation (15) we must know V(y). For this
we have to perform an average in a, 8 of the potential v(y,a,B). Fol-

lowing Gerck and d'0liveira®, we have that, given a potential

7(r) =" (17)
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we obtain
V() = By (18)
where B can be written as
B = Bl+Bz+Ba , (]9)
with
(ml'*'mZ)r;;\) 1 /2 b N =
B, = |— v (1 - sinasinf) sinacos oaduip (20)
bmimy | ‘g 0
— /9 L
[(mzwna)m vy fﬂ’“ f“ v
B, = — (1 -sinasin(B-31)) ‘sina cosadudB
2 Bmams Jo2n 0 0 ( )
(21)
':(M3+m1)m.\) i (JT/Z {lm( (B N ))\) dad8
B = = I- sinasin(B-v sintcos o
3 5m3m1i 27 JO JO 2

(22)

3. THREE-QUARK BOUND STATE EQUATION

The three-quark bound state equations can be obtained as the
quark-antiquark equations. The graphical representation of the three-
-quark Bethe-Salpeter equation is shown in fig. 2. Assurning two-body in-
teractions only (G3=0), we obtain the three-quark Bethe-Salpeter equation

(Flamm and Schroberl )’

% / A
Z 97 + — 3//
Np

Fig.2 - Graphical representation of the Bethe-
-Salpeter equation. x represents the B - S am-
plitude; G, is the two-particleand s tne three
-particle irreducible B-S kernel.

(F-B1-Ho-H:)W(2,8) = -0 T v )u(@,8) (23)
jae 9"
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where H1, H2 and Ha are the quark Hamiltonians in the baryon center of
-mass system, i\ is the posmve energy projection operator, I’ and S
are the relative coordinates, x k T T and U(x ) is the general-
ized potential that contains a spin- dependent part VS and a spin-in-
dependent part VSI’ Omitting i the last equation we obtain the
generalized Breit equation
H¥(7,3) = B¥(7,5) (24)
with
3.

B, = ) (8'n +ap}+2{ () + Vol o)) (25)
ot q. Jk gk
=1 7 J<k
where pj are the momenta of the quarks.

Perforrning a generalized Foldy-Wouthuysen transformatione, we
obtain the Breit-Fermi Hamiltonian for three quarks (%k=e=})

2

= C
i = E (my + Zmi) ¥ Vople) + Hot o (26)

where M. are the constituent quark masses and

hag_
Vg (D =~z
>
0 - ZSi.Sk - .
S8 i<k 3mimk oy V(rik) s (4, k = 1,2,3) (28)

In obtaining the Breit-Fermi Harniltonian we have assumed that
the QED equations can be applied to QCD. For this we have to replace a,
the QED coupling constant, by A, the QED effective coupling constant.
Besides, we have to take the quark colors into account.The lowest order

diagram for the quark-quark interaction due to gluon exchange s shown

in fig.3.
b, b,
Fig.3 - Lowest order dia-
F rarn for the quark- quark
& A 9 q q
uloLk _Zfil__}l__(fl_;r_zz_ g Y\) 1 A~ interaction due to gluan
'QSY 7 kalbl S 2 "azb2 exchange.
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Using the Feynman rules, the interaction potential is

NI,
;2 7

%
V==
r

(29)

Il t~1C0

k

The sum over the A matrices can be replaced by the scalar product ofthe
F spins of the two quarks. Hence, we obtain
o

8 -
ves L RORE (30)

Since we can construct the quadratic Casimir operatorof SU(3)

as

8
= ] (F5)? (31)

and the spin of the two-quark system in is the suin of the F spins of the

two quarks
Fo=F(1) + o (2) (32)

and assuming that individual quarks belongs to the triplet represen-
tation and have ¢* = 4/3, we obtain

[

1 s 2 _ 8
V=g 2 (C 3 ) (33)
Consequently, the bound-state energy is proportional to c?
For the qZI system, we have
383=108 (34)
and for the gq system
383=6603 (35)
Looking at table 1, we see that
Elqq)1 < Elaqg)s < Blaq)s < Elqq)e (36)

W& conclude that the qc-{ color singlet is lower in mass than the other
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Table 1 - Eigenvalues of the quadratic Casimir operator for the lowest-
-dimensional representations of SU(3). (m=mixed; s=symmetric).

Dimension

of 1131 [3)6] |6 {810} |10/t |55 [5lat| (24127
representation m m|s S
Quark p [0]}1 2] T2 {213 33| {3 [4] |6]4] |B)4

indices 9Yi0la 10 2] |10 311 210 la]] I3]2

c? 4 1 o ' 16| | 28] | 25 |g
a3 a P BB
quark states. This way quark confinement can be made plausible. This

argument can also be applied to n-quark states, assuming only two-body
interactions.

For three-quark states, we have

o
v= ] 21 (ct-w (37)
a=1 Tab
b>a
where
I—» >
Tab = xa—xbl

and for the gqg system

30383 =1080810

As can be seen from table 1. we have

E(qqq): < Elgqq)s < Elqqq)io

The color singlet state is again the most favored.
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Using eq. (33), we obtain that

o
V(qa)1 = - 4/3 =2 (41)
and
%
Vigq)s = - 2/3 - (42)
then
Vigq) = 172 V(qq) (43)
Although this relation has been obtained for the Coulomb potential, it

is believed to be valid to all potentials.

4. PHENOMENOLOGICAL POTENTIAL

The potential
a

/2 4 7 .
-§‘?+C (bb)

V(r) = kp

has been applied to mesons ** °

and with o =0 to the bbb and ¢cc  bound
states. In this potential the first term is the confining potential,the
second term is the potential due to one-gluon exchange, and the parameter
C, which depends on each quark-antiquark pair, reflects the fact that
we can only calculate energy differences.

Calculating the average potential V(y) and using the par-
ameters for mesons® with the relation (43) we obtain from equation (15)

the baryon masses shown in tables 2, 3, 4 and 5.

5. HYPERFINE SPLITTINGS

With the Hamiltonian eq.(26) we obtain, wusing perturbation
theory, the hyperfine splittings between the J = 3/2 and J = 1/2 states
in the 1S level of the baryon spectrum.

The baryon wave functions have been constructed to be com=
pletely antisymmetric.

Then, for the J = 3/2 baryon, we have
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Table 2 - Spectrum of baryon masses (radial excitations). Masses in Gel.

K = 0.855 Gev®/? a, = 0.0
9, %Y 9, B, 15 25 35 4s 53
uud 2.443 1.344 1.975 2.484 2.917 3.299
uus 2.43@ 1.447 2.066 2.564 2.988 3.362
uss 2,451 1.583 2.193 2.685 3.104 3.473
sss 2.4 1.701 2.298 2.780 | 3.189 3.551
uue ' 2.505 2,572 3.167 3.646 4.054 ; 4413
use ! 2.493 { 2.683 3.262 | 3.729 | 4126 | 4.477
sse 2.484 2.812 3.379 3.835 | h.22h 4,566
uce 2.490 3.640 4.168 4.593 4.955 5.275
sce 2.524 3.839 L.366 4,790 | 5.152 5.470
cce 2.4 4.783 5.263 \ 5.649 5.978 6.288 |
uub 2.563 5.834 6.419 , 6.890 | 7.291 ’ 7. 644
ush 2.555 | 5.927 | 6.495 ] 6.053 | 7.3k | 7.686
ssb 2.541 6.033 6.586 7.031 ({ 7.411 7.745
ucb 2.656 6.922 7.4k 7.859 } 8.215 8.529
scb 2.628 | 7.063 7.572 7.982 } 8.331 \ 8.638
ech 2,484 8.002 8.457 8.823 } 9.135 9.410
ubb | 2,945 10.152 | 10.654 11.059 i 11.403 L1707
sbb | 2.830 10.239 | 10.722 LT | 11,443 ’ 11.735
cbb } 2.524 11.173 | 11.596 11.937 } 12,227 f 12.483
[ bbb | 2441 | 14,300 | 14.685 | 14.995 E 15.259 i 15.492
. 1 i J
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Table 3 - Spectrum of baryon masses (orbital excitations). Masses in GeV.

9 9 4, 1P ¥ 2p 1F 2D 1G
wd 1.750 | 2.096 | 2.290 | 2.401 | 2,573  2.676
uus 1.8ks | 2.184 | 2.374 % 2.483 | 2.651 . 2.752
uss 1.975 | 2.310 | 2.498 2605 | 2.772 N
sss 2.085 | 2.412 é 2.59 | 2.701 | 2.86h | 2.961
wuc 2955 3.280 | 3.463 | 3.568 5 3.730  3.827
use 3.055 | 3.373 | 3551 | 3.653  3.811  3.905
gsc 3076 | 3.487 0 3.661 | 3761 3915 007
uce 3.979 | 4.263 | L.b31 | h.s2h | 4668 L.75h
scc 4177 b.kg6 | 4628 | 4720 5 4.865 4.9511
cce 5.002 | 5355 | s5.502 | 5.586 é 5.717  5.795
uub 6.210 | 6.531 | 6.710 | 6.813 | 6973 7.068
usb 6.292 6.604 6.778 6€.878 7.033 7.126
ssb 6-388 6.692 6.862 | 6.959 | 7.110 7.200
uch 7.256 | 7.540 | 7.700 © 7.791  7.933  8.017
scb 7390 | 7.669 | 7.826  7.915 | B8.05h  8.137
ccb 8.294 | 8.544 | 8.683 | 8.763 | 8.888  8.96
ubb 10.475 | 10.750 | 10.905 | 10.993 | 11.130  11.212
sbb 10.549 | 10.814 | 10.963 i 11,068 | 11,180 11.259
cbb 1.465 | 11,677 | 11.807 | 11.881 11.997  12.066
bbb 14,548 | 14.759 | 14.877 | 14.945 \ 15.050 © 15.113

(
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Table 4 - Spectrurn of baryon masses (radial excitations). Masses in GeV.

K = 0.767 Gev’/? o =0.187
9, 9 9, B2 15 25 35 4s 58
uud 5.090 1.339 1.94b 2.426 2.834 3.192
s 5.121 1.448 2.043 2.516 2.916 3.267
uss 5.052 1.587 2.176 2.644 3.039 3.385
sss 5.090 1.707 2.285 2.7hk 3.131 3.47
uue 4.872 2.574 3.150 3.607 3.993 4.331
use 4,923 2.689 3.253 3.700 4.077 L. 407
sse 4,958 2.821 3.375 3.813 4.183 4,506
uce 4,996 3.646 L 4. 584 4.932 5.235
scc 4,856 3.85] 4.375 4.787 5.13kh 5.437
cee 5.090 4.800 5.290 5.672 5.992 6.27
uub 4,692 | 5.838 | 6.407 | 6.857 | 7.237  7.570
usb 4.730 5.944 6.499 6.939 7.30% 7.634
ssb 4.767 6.061 6.604 7.034 7.395 7.712
ucb 4,601 6.935 7.456 7.864 8.208 8.507
scb 4.587 7.092 7.604 8.006 8.343 8.637
ccbh 4.958 8.034 8.508 8.875 9.182 9.449
ubb 5,055 10.172 | 10.685 | 11.085 | 11.421 | 11.713
shb h.221 10.281 | 10.779 | 11.167 | 11.491 { 11.774
cbb 5.856  11.220 | 11.676 | 12927 | 12.318 | 12.570
bbb 5.090 | 14.362 | 14.800 | 15.131 | 15.404 J 15.639
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Table 5 - Spectrum of baryon masses {orbital excitations). Masses in Ge\

bbb

qa qb qc P 1D 2P X3 2D 5 1G
‘
wd 1.740 2.074 2.251 2.364 2.522 % 2.624
s 1.843 2.171 2.344 2.456 2.611 g 2.7
o 1.978 | 2.303 | 2.47% | 2.585 | 2.738  2.838
sss 2.092 [ 2.4 2.578 2.688 ; 2.837 2.935
e 2.958 ‘ 3.276 3.442 3.552 ; 3.700 3.798
oo | 3.066  3.377 | 3.540 3647 3.792  3.888
sec 3192 3.498  3.656 3763 | 3.90h 3.999
o oot | b291 o W39 hSh b673 .76k
e 4.205 g b.u95 - h.6h2  h.7h5 4.876 4.967
coc 5.136 | 5.407 i 5541 5639 5.758  5.845
Cwb ' s.217 g 6.531 § 6.695 | 6.803  6.943  7.046
} ush 6.315 | 6.622 | 6.782 | 6.888 7.030 7.125
| - 6.426 E 6.726 ; 6.881  6.386  7.126  7.217
b 7.288 | 7.577  7.722  7.824  7.95%  g.0bk
b 7.460 | 7.724 7.866 7.967  8.09h  8.183
. | 8.362 ; 8.625  8.752  B8.849  8.962  9.0kb
b © 10.524 !, 10.808 ' 10.948  11.05] 11.176 11.267
sbb 10.624 % 10.900 11.035 11.136 11.256 11.345
chb [ 11.542 { 11.796 ' 11.913 12.010 12.114 12.197
i 14.680 )

14,923 t15.023 ! 15.126 15.221 15.303
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Y= T 0.V
where
T is the color wave function
Xg is the symnetric spin wave function
¢6 is the symmetric flavor wave function
Yy is the ground state space wave function
with

x (372, 3/2) = t44

X (372, 1/2) = 1//3 (M4 4+444)
X (3/2,-172) = 1/V/8 (44t 4t 144)
X (3/2,-3/2) = ¥4y

For the baryons with J = 1/2
Y= (x ¢+ X, 0,00
JT ee ATA

where p and h are the mixed representations

Xo(i’ z) = 1/vV2 (A4-44) 4

1
>(0(7,.7) = 1/VZ (M-44)4
Xx(l’ %) = 1//6 (M Mit4-2449)
XA(%’-%) = 1/VB (444+444-2444)

(45)

(46)

Applying HSS to the wave functions (45), (46), we have ob-

tained that the spin-spin correction is given by

- _ 1
<WIHS$"W>3/2 <\PIHSL9|\P>1/2 = 37”72_ <LPIV;\2V(P12) |1P>

1

3m m
1 3

+

W2 Vieys) |y + Yl V) v

3m,m,

(47)
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For the potential (44%) with a, = 0, we have

B2
<‘?|HSS|‘¥>3/2- <‘P]HSS| g‘—‘ <y 3/21¢ *B—"‘ <yle2 3/2 [y>
K Bs
* Bmams <u)ly3/zw"> (48)

where By, B, and Bj; represent the average in a B and are shown in table
6.

Using eq.(48) we have obtained the results shown in tables 7
and 8.

Assuming that the potential is a mixture of scalar and vector

potentials, as in the case of the mesons®, of the form

Vir) =V (r) + Vs(r)

v
with
Vv = (1-A)V conf. (r )+Vcoul.(1’)
Vs - fVconf.( r )
0D <fg

we have obtained the results of the tables 9 and 10. The scalar term does
not contribute to the spin-spin correction. Then the results obtained
for many values of f can be compared to the experimental data to give
the correct Lorentz nature of the confining potential.

Tables 11 and 12 show our results and those from Bjorken”,and
Samuel and Moriarty!!. Those authors use differerit procedures to calcu-
late the baryon masses.

W have considered 0y = 0 in the results shown in tables 7,8,
9 and 10. Jn this case we have calculated the hvperfine splittihgs,
taking into account the confining potential. This is due to the fact
that the hyperfine splittings involve a 6-function. This is equivalent
to having the wave function at the origin. This calculation turns out to
be difficult if we use the Zickendraht variables. Besides, the method

developed by Zickendraht showed to be in excellent agreement with the
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Table 6 - By, B, and By values which represent a
and B averaged in the Laplacian potential.

q, 9% 9, By B, Bs
uud 2.439 2.439 2.439
bbu 3.760 0.934 0.934
ces 3.122 I 1.883 1.883
ecu 3.285 1.956 1.956
sse 1.883 2.588 2.588
ssu 2.588 2.327 2.327
uub 1.568 2.478 2.478
uue 1.819 2.530 2.530
wuus . 2.327 2.530 2.530
csu 2.767 2.375 1.850
bbc 3.122 1.883 1.883
bbs 3.656 1.103 1.103
cch 1.883 2.588 2.588
ssh 1.618 2.530 2.530
bcs 3.285 1.671 1.45)
beu 3.656 | 1.519 1.348
bsu 2.767 ; 2.278 1.568
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Table 7 - Masses of the ground states of baryons using spin-spin correc-
tions. Masses in GeV.

K = 0.855 Gev'’ 0g = 0.0
u(1s) (17=3/2%) H(19) (7=1/2")
q, 99, Symbol | Theor.|Experimental’® Syrbol | Theor. |Experimental®"
. i
wuu A 1.344 1.232 | 'J
" | 0.938216 |
wud | B 1,344 1.232 p 0.866 | ., 300036
o i ‘ 0.9395731
wdd | B 1.344 232 0.866 ° , 5 0000027
ddd AT 1.344 1.232 [
okt 1.38229 + 1189371
wus L447 |, 0003 | 1022, 4 000060
guo | 1.3820 | o 1.19246
uds 1447 |, o 'S02e z 10224 9.00008
o - 138744 | o 1.197388
dds 1447 |, o'oooss | L 1022, 4000079
o 1.115566
uds A 1,022, 4 000056
%0 1.53178 | oo 1.31483
uss = 1 -583 + 0'00034 ! = 1.215 + 0.00082
x - 1.53513 = 1.3213h
dss | E 1.583 [ L 0 0008k £ 1215 4 9.00014
- 1.67237 |
Q |
sss 1700 1 4 0.00034
uue ZZ M 2.572 Zc++ 2.310
ude L,*M | 2572 I, 2.310 }
e 5#0 2.572 50 2.310 :
e R 2.2820 ?
ude A 2.310 9031 |
=% + ot A+
usc z, 2.683 o 2. 454
%0 logo A
dse “e 2.683 “e'"e l 2.45k
sse Q;o 2.812 E i Qg ’ 2.6“‘ \
uee Ecc"++ 3.640 :c? 3.497 '
dee 7 ** | 3640 | ’ 3.497 .
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Table 8 - Masses of the ground states of baryons using spin-spincorrec=
tions. Masses in GeV.

K = 0.855 Gev ¥ ? a, = 0.0
n(1s) (7F =372 ) u(15) (75 = 1/2%)
M, 9 9, Symbol Theor. | Experimental | Symbol Theor. Experimental

scc R 3.839 9;. 3.724
S B

uub e 5.834 Z; 5.645
R I, 5.645
ddb 2;- 5.834 I 5.645
udb , | sk
ub | 5| 59 5 | 5767
do | 37| 5.927 55 | 5.767
ssb 6.033 o 5.895
wh | =F | 6.922 = :ﬁ; 6.839
deb | I | 6.922 s0,2h | 6.839
sb | @ | 7.063 o0, | 6.992
ccb | @kt | 8.002 | 7.959
ubb ;“*ng 10.152 g;;b 10.110
dbb ’_'bb 10.152. ggb 10.110
sbb Q3" 10.239 % 10.201
chb Q;gb 11.173 Qb | 11.148
bbb QZ_)bb 14.300

| 1 i 1
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Table 9 - Masses of baryons with Jp=l/2+ usinq/the hyperfine splittings
obtained for several values of f (k=0.855 GeV’ Z). Masses in GeV.

2,4, |Particle|£=0.1|£=0.2|£=0.3]£=0.4|f=0.5)£=0.6/£=0.7 f=0.8|r=0.9 Experimental
und P 0.914|0.962|1.010(1.057;1.105{1.153 I.201¥l.2h8 1.296 tg'gggg;g
+ ; ! 1.189371
wus ) \.06511.107‘1.\50 1.19251.235!x.277 1.320 1.362j!.h05 +0. 000060
i | : : : ; ! 1.31483
uss = 1.252 1.289:1.326 1.36211.399:1.436 1.472.1.5091.546 +0.00082
e ot 2.3372.363 z.389}2.h15‘2.u141;2.467 2.49% 2.520 2,546
.4t : ! [ :
use En,:ﬂ 2.&77&2.500 2.523}2.5&6 2.568:2.59\32.61h 2.637 2.660
sse Q), |2.634]2.65412.673 2.69332.71352.733i2.753 2.773 2.792
| ) j | i
uce :;; 3.51213.526(3.540 3.554 13.569(3.583 3.597 3.611 3.625
i ! §
sce ch 3.736!3.7’47 3.759(3.770,3.782:3.7933.805 3.816 3.827
| i i i : N
uub T, |5.66h 5.683]5.702|5.721|5.740.5.759 5.778 5.796 5.815

+
Table 10 - Masses of baryons with Jp=!/2 using the hyperfine splittings
obtained for several values of £ {k=0.855 GeV’/”). Masses in GeV.
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Table 11 - Masses of baryons with JP=3/2+. Masses in MeV. , The columns
correspond to: (1) the potential parameters: K=0.855 gev?/2, a.= 0, (2)
the potential parameters: X=0.767 GeV®/?, o =0.187; (3) the values from
Samuel and Moriarty; (4) the values from Bjorken

(m (2) (3) (4)

Unu 1.344 1.339 1.262 * 45

uus 1.447 1.448 P.441 £ 50

uss 1.583 1.587 1.575 * 45

sss 1.701 1.707 | 1.694 + 35

uuc 2.572 2.574 | 2.594 * 45 | 2.463 * 30
use 2.683 2.689 2.608 + 30
sse 2.812 2.821 2.768 + 35 2,755 + 30
uce 3.640 . 3.646 3.695 * 60
sce 3.839 | 3.851 3.840 + 60
cce 4,783 4.800 4,925 + 90
uub 5,834 5.838 5.740 £ 60
usb 5.927 5.944 5.890 + 60
ssb 6.033 6.061 6.035 + 60
usb 6.922 6.935 5.970 + 70
scb 7.063 7.092 7.120 £ 70
eeb 8.002 8.034 8.200 = 90
ubb 10.152 10.172 10.250 +120
sbb 10.239 10.281 10.395 +120
cbb 11.173 11.220 11.480 120
bbb 14,300 14,362 14,760 +180
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Table 12 - Masses of baryons with J’P=l/2+. Masses in MeVv. The columns
correspond to: (I) the potential parameters: X=0,855 Gev*/? and Ag =0
for masses and spin-spin correction; (2) X=0.767 Gev*’? and a_ = 0.187
for masses. K= 0,767 GeV3/? and ag = 0 for spin-spin corrections; (3)
values from Samuel and Moriarty; (4) values from Bjorken.

(1) (2) {3) (4)
uud 866 910 1.069 + 45
uus 1.022 ‘ 1.064 1.249 £ 40
uds 1.022 ‘ 1.064 | 1.164 £ 60
uss 1.215 | 1.255 1338 % 55
uue 2.310 2.336 2.431 £ 20 2.403
udc 2.310 2.336 T 2.282 + 60 2.243
usc 2.454 | 2.480 | 2.468(2.558)
ssc 2.614 2.638 2.727 £ 25 2.715
uce 3.497 3.511 1: 3.635
scc 3.724 3.742 3.800

energy-eigenvalues,- but the same could not be said about the wave func-
tions. In the calculations of the hyperfine splittings using only a
confining potential, the accuracy of the calculations is equivalent to
that of energy levels. In this way we avoided, to consider the value of
the wave function at the origin. But in the analysis of the hyperfine
splittings we have considered 0<f<l. In the case where f=I theconfining
potential does not contribute to the hyperfine splittings. Suchconfining
potential would be a Lorentz scalar. In that case the contributions to
the hyperfine splittings can only come from the Coulombic part of the
potential. We are studying this question and one possible solution can
be found using the method proposed by Hiller et «Z.*2.This method shows
that the value of the wave function at the origin, for two or more
bodies, can be related to the derivative of the potential. We hope to

present this calculation as soon as possible.
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6. CONCLUSION

When our results are compared with those obtained by Guimarées
et aZ.”, using the X harmonics method, for the square root potential,
we note a difference. This is not surprising because for the harmonic-
-oscillator potential our results, which agree with the analytic values,
don't agree with those authors results.

For the J = 3/2 baryons the comparison of our results and
the experimental data show a little discrepancy. From table 11 we see
that in a general way our results agree with those obtained by other

10,11 The discrepancy is greater for the wuuu systems and for

authors
the heavier baryons.

In table 7 the comparison of our results and the experimental
data shows that the masses of J = 1/2 baryons are below the experimen=-
tal ones. This fact leads us to the conclusion that the confining po=
tential is not a pure vector but a mixture of vector and scalar, which
can be confirmed by table 12 from the comparison with other authors.

In table 9 the experimental values show that f must be below
0.5. For mesons, comparison of the calculated and experimental values
showed thatf must be between 0.5 and 0.6. If the baryon masses cal-
culated for these f values are compared with those obtained by other
authors we find a good agreement.

In the analysis of the J = 1/2 baryon results we must recall
that we have not calculated the spin-spin correction for the complete
potential. The inclusion of the Coulombic term would affect our results
probably leading to a better agreement with the ¥ value obtained for

mesons .

We would like to thank A.B.d'0Oliveira, A.C.B.Antunes for use-
ful discussions, A.Vaidya and C.Sigaud for reading the english manu-

script.
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Resumo

Considerando que a interagdo entre trés quarks pode ser des-

crita en termos das interagSes entre pares e que a interagdo qwrk-quark
esta relacionada a interagao quark-antiquark (V(gqq) = 12 V(gg)), cal-
culamos as massas dos barions como estados ligados de trés quarks. Cal-
culamos também as correcdes relativisticas provenientes das interacdo
spin-spin. Comparamos nossos resultados com os dados experimentais dis-
poniveis.



