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Introducing a fifth quark f with electric charge Q = 2/3, and assuming that the particle
classification follows the C—C’ model mentioned by Achiman, Kollar and Walsh, we have
derived the magnetic moments of all baryons under U(5)-symmetry. The normal and charmed
particles have the same magnetic moments expressed in terms of at most three arbitrary
constants, as those obtained in U(4)-symmetry. We predict the moments of new baryons,
which turn out to be inevitable if Y-spectroscopy indicates the existence of a new quark.
We have also evaluated magnetic moments of baryons for an alternative model with f-quark
charge Q = —1/3 to accomodate the possible bias of the experimental results,

1. Introduction

Recently with the discovery of ¥ and Y’[1], the existence of another quark is very
much in the air. These resonances are being speculated as bound states of a new quark-
-antiquark states [2]. The situation is very much similar to the case, when J/y and other
closely lying resonance states were discovered by the end of 1974 [3].

The necessity of more quarks has been speculated by many authors {4]. The standard
GIM model [5] with four quarks and four leptons predict the value of R defined as

__a(e’e” — hadrons)

ale’e” - puTp")
to have a value 10/3 [5]. This value is much less than the value that we find experimentally.
The value of R settles down around a value of 5 for the high energy region. Theoretically
to explain this higher value of R, it is generally conjectured that more quarks would be
inevitable. The most popular trend is naturally to introduce quarks in pairs to retain weak
interaction gauge symmetry of the type SU(2)®U(1) according to the prescription of the
Weinberg-Salam model or models closely similar to it [7]. To eliminate from such theories
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the triangular anomaly, we need to introduce for each pair of quarks, a pair of leptons.

Harari [8] proposed the introduction of two more quarks (lt)

) in the set of the already
existing GIM model the quark pairs (:,) and :,) This would give R value 5. But we

vy, . ... . (v v -
also need two more leptons (L]: in addition to existing pairs (ei) and (ﬂf) to eliminate

the triangular anomaly mentioned earlier. There are other models which are closely related
to the Harari model [9).

Although such models are very attractive for their symmetrical foundation, they are
still highly speculative and open to critical scrutiny. However, it does not bar us altogether
to try out other models which are of somewhat different symmetry origin. An interesting
model proposed by Achiman, Kollar and Walsh [10] needed only five quarks. In addition
to the standard GIM four quarks, they introduced a new quark f with Q = 2/3, Y = —2/3,
C = 0, and a new quantum number C’' = 1. This model gives the R-value 14/3, which is
not very far off from the experimental value. When we want to incorporate this model
into the weak interaction theory in order to remove the triangular anomaly, we need
two heavy leptons, in addition to e~ and u~. This version has been called by them as the
C—C' version of SU(5)-symmetry.

Recently Choudhury [11] used this model to calculate in SU(10)-symmetry the magnetic
moments of vector mesons. In that calculation the author assumed that ' (3.7) to be
the quark-antiquark combination of a new quark f. However we are aware that v’ can
be interpreted as the radial excitation of cc. Since the observation of Y-family of new
resonances by Herb et al. [1], many authors like Lichtenberg et al. and Carlson et al. [2]
are interpreting Y (9.5) as the bound state of a new quark-antiquark combination. If we
assume Y (9.5) to be the ff bound ground state, then we have a distinct prediction under
SU(10)-symmetry that the magnetic moment of the new particle must satisfy the following
relation

pY) = (6425)u(¢°) for Q(f) = 2/3,
u(Y) = —(28/25u(e%)  for Q(f) = —1/3.

As soon as we are convinced that the new quark is inevitable, i.e., that the most
reasonable interpretation of 7 is the new quark-antiquark combination, we are forced to
introduce new baryon states, which we expect to observe sooner or later. In the following,
we would assume that Y is a positive indication of a new quark which we would call the
fancy quark. Although Carson et al. [2] have indicated that the possibility of the absolute
value of the charge of the new quark is |Q| = 1/3, the value of the charge magnitude
QO = 2/3 has not been completely ruled out. In the first phase we would assume that the
Q-value of the f-quark is 2/3 as postulated by Achiman, Kollar and Walsh [10] and later
by Choudhury [11]. Then in the second phase we would slightly modify the C—C’ model
by assuming that the f-quark has a charge Q@ = —1/3. In the first phase (@ = 2/3) we
would assume that the intrinsic quantum numbers satisfy the extended Gell-Mann~
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~Nishijima formula
Q = I3+(Y/2)+C1+C2.

On the other hand for the second phase (Q = —1/3) we assume a different Gell-Mann—
-Nishijima formula

Q =I;+(Y/2)+C;—C,.

In this paper we would assume U(S5) symmetry and follow the technique described
in U(4)-symmetry calculations [12] to compute the magnetic moments of the new baryons
which would show up with the introduction of the new quark f. All results derived under
U(4)-symmetry will be shown to be also valid for those baryons, which are expected to
appear under that symmetry.

In a future paper we would extend the resuits in U(10)-symmetry which will be a natu-
ral extention to incorporate the spin of the particles.

We are aware of the fact that the symmetry breaking interaction upsets many of the
results as has been shown recently by Lichtenberg and others [13] but we think that for
future experimental comparison it is quite reasonable to know the theoretical predictions
of different symmetries. The magnitude of the deviation of the results might also offer
deeper insight into the symmetry breaking interactions, which are far from being explained
fully.

In Section 2 we introduce the basic rules of the quark model and described how to
obtain the baryon tensors. We have also defined there the particle nomenclatures in C—C’
model of U(5). In Section 3 we describe the construction of the most general current
tensors and derived the magnetic moments of baryons in terms of three or fewer constants.
In Section 4 we introduce the modified model with @ = — 1/3 for the f-quark and obtained
the magnetic moments for the baryons. In Section 5 we discuss our results.

2. Particle classification and multiplet tensors

Following the C—C’ version of Achiman, Kollar and Walsh [10] types of U(5)-sym-
metry, we introduce a fancy quark f in addition to the four quarks, a pair of up and down
quarks u and d, a strange quark s and a charmed quark c. This new quark we require to
possess a charge Q = 2/3, Y = —2/3 and charm quantum number C = 0. But this f-quark
should carry a new quantum number fancy designated by C’ with C’ = 1. For all other
quarks C’ = 0. The quantum numbers of these basic quarks must satisfy the modified
Gell-Mann-Nishijima formula

Q0 =L+T2H+C+C. 4))

As usual, we assume that the baryons are constructed out of a qqg-combination of the
basic quarks. This combination yields the representations (see Table I)

5@5®35 = 35+2x40+10. @
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TABLE I

Dimensional equations of the baryon classification under five quark model

5®3®5 = 35+2x40+10

UGy - U@eUu:;
Q0,0+ (10°+6", D+(4,2)
35 = (20, 00+(10,1)+ @, 2)+(1, 3)

10 = (4,0)+(6”, 1)

U@ - SU(3)®eU,

20" = (8,0)+(6+3, D+(3,2)

100 = (6, 00+ (3, DN+, 2)

6 =3,0+3,1)

4 =@3,0+0,1

20 = (10,0)+(6,1)+(3,2)

10 and 4 split similar to 10’ and 4’ respectively
1 =(,0

3 =(1,0+G,D

6” splits similar to 6

The representation 35 is totally symmetric with respect to the quark contents and the
decouplet baryons are to be placed there. The mixed representation 40 should contain the
baryon octet. In terms of U(4)@U, content we can write for 40-representation

40 = (20",0)+(10'+6°,1) +(4,2), A3)

where (m, n) stands for the representation m belonging to U(4) and » the eigenvalue of
the additive fancy quantum number C’. In the above representations a double underlined
number belongs to U(5) multiplet. The representations belonging to SU(3) will not be
underlined.

The representations 20’, 10’, 6’, and 4’ (belonging to U(4)) can further be split up in
terms of SU(3)®U, contents as follows:

20" = (8,0)+(6,1)+(3,1)+(3,2), (4a)
10" = (6,0)+(3,1)+(1,2), (4b)
6 = (3,0+3,D), (4c)
4 = (3,0)+(1,1). (4d)

The symbol (m, n) in Eqs (4a)—(4d) indicates the dimension m (without underline)
of the SU(3) content of the representation and the charm quantum number . If we want
the tensor B, to represent 40-multiplet with a, b, ¢ to run from 1 through 5, we can
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write as in CJ1 [12]

Biocyy = 050500BLy o+ —= (055767 —650303)BLY
\/
\/, (25"635"+556"5" 836%62 )B(,“,}
1 K54S x 55 25\ pd’

+ 7 (820,0; —6:0,0,) B, . 5)
The above tensor is antisymmetric with respect to two indices within the curly bracket.
The Greek indices run from 1 through 4. One of the tensors of the right hand side of the
Eq. (5) has already been given in CJ1 (Eq. (7)). It is normalized to the particle number
in the multiplet. For the sake of completeness, we give the expression again:

. fe
\/5. (8,865 —8,8161)SL,

+ —~(2o WOy0)+83518] — 818D TS,

V6

1, .
+ —= (85508 — L8300 T°. (52)

NG

Similarly for 10’, 6’, and 4’ representations we can derive the following expressions

Bl = 8,8006N i+

C e 1
By = 8,8IS0 + \75(5;54*-5 OOTH +880, (5b)
B, = o 5!T{,,‘+ N, (5 53— SLONT, (5¢0)
B} = 8iT *+5iL'2 (5d)

In the above expressions i, j, and k are the SU(3) indices which run from 1 through 3.
The tensor BLY is totally symmetric whereas B{M is totally antisymmetric with respect
to the indices pu and v. We introduce the following notation to designate the particles
belonging to SU(3)-multiplets: a term 4™ indicates to which multiplet the particles belong
(for example if 4 = N, it belongs to the octet, if 4 = S it belongs to the sextet and so on),
and the suffixes m and » stand for the eigenvalues of Cand C’ respectively. We would
follow Gaillard, Lee, and Rosner [14] for the identification of the particles. Thus for the
sextet S; we would write

S}? = CIO > Sig = C;FO/'\/i s S;g = ClOs
Sig = SIO/\/za S;g = Sws Ség = Tlo- (6a)
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write as in CJ1 [12]

Bioeys = 05050eB g+ —= (856502 —656707)Brs

\/_
* 7 (25"535“+555"5" 535563)Bong,

\/2 (858562 — 8%536;)BY . 5)
The above tensor is antisymmetric with respect to two indices within the curly bracket.
The Greek indices run from 1 through 4. One of the tensors of the right hand side of the
Eq. (5) has already been given in CJ1 (Eq. (7)). It is normalized to the particle number
in the multiplet. For the sake of completeness, we give the expression again:

BZY., = 5.0i65N %+ (618355 —5.8550S1,

\/_
+ —(20 L538I+ 540181 — 810V HTLS

J6

1
+ —= (810388 — 8,850 T7°. (5a)

72

Similarly for 10’, 6’, and 4’ representations we can derive the following expressions

B,) = 0,88} + \75(5‘54+5 OOTH + 85850, (5b)
B, = 8,00Tgn+ '% (8;0%— 80T, (5¢)
By = ST+ 6,2 (5d)

In the above expressions i, j, and k are the SU(3) indices which run from 1 through 3.
The tensor B,y is totally symmetric whereas B, is totally antisymmetric with respect
to the indices u and v. We introduce the following notation to designate the particles
belonging to SU(3)-multiplets: a term 4™ indicates to which multiplet the particles belong
(for example if 4 = N, it belongs to the octet, if 4 = S it belongs to the sextet and so on),
and the suffixes m and » stand for the eigenvalues of Cand C’ respectively. We would
follow Gaillard, Lee, and Rosner [14] for the identification of the particles. Thus for the
sextet S; we would write

Siy = Clo’» Si2
i3 = Siolv/2, 533

I

Cfn/'\/i s S;(z) = Clo,
S1o, Ség = T1o' (6a)

]
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The totally symmetric representation 35 can be described similarly by a tensor B33
(a, b, and ¢ run from 1 through 5). If we express the representation in terms of U(4)®U2,
we can write

35 = (20, 0)+(10, N+, 2)+(1, 3). @)

The representation 20, 10, 4, and | can further be split up in terms of SU(B3)®U, contents
as follows

20 = (10, 0)++ (6, 1)+(3,2)+(1,3), (Ta)
10 = (6, 0)+(3,1)+ (1, 2), (7b)
4 =(3,0+(1,1), (76)
1=(1,0). 7d)

Hence the tensor B2, can now be expressed as

= SUSyOIBLLY + —= (055403 + 578400+ 043,82 BL°

abc nve \/—

\73-(5"5 200+ 020400 + 630,88 Brt + 838555 B*. 8)

The tensor B2, is also normalized to the total number of particles in the multiplet.

The expression B}2° is the same as Eq. (6) of CJ1. We reproduce it here for the sake of
completeness with slightly extended nomenclature:

nve

B0 = 5,616kl + T(a L0188+ 50150+ 8L5807)STO

\/_ (010485 + 85030 T 20 4 545555LF3. (8a)
The tensors By, ° and B}* are given by Eqgs. (5b) and (5d) except that we have to replace
the particle symbols S, 7, and L by the corresponding resonances S*, T*, and L*. All
other suffixes remain unchanged. The particle identifications are as usual. dfj‘,"o is the nor-
mal decouplet. The sextet resonances are given by Eq. (6a), only inserting in addition an
asterisk in each particle symbol. Similarly the triplets belonging to cogradient and contra-
gradient representations are expressed by Egs. (6¢) and (6b) with the addition of an asterisk
to each symbol. L*3° can be expressed by Eq. (6d) by inserting an asterisk. In Eq. (8) B*!
stands for

B*l — L*O3 — Lﬂ(t)-;—+ (Sb)
The first part of Table III summarizes the nomenclature of 35-representation.

The representation 10 belonging to U(5) is totally antisymmetric in its indices and its
composition in terms of U@)®U, breakdown is given by

10 = 4,0)+(6", 1), ©)
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TABLE Il

Baryon identification in the following splitting scheme: U(5) - U#)®U; - SUGB)QU)B®U, for 35-
and 10-representation (C—C’ model)

U , U4 SU(3) .
Rep. (o Rep. C Rep. Particles
35 0 20 0 10 N#++ N*+, Yo+, N#O, Y#0 E#0,
N*-, Y*, B, (-
1/ 6 Cis*, €13, 815, C18, 818, T1S
2 3 X356, Xako, Xoo
3 1 Lt
1 10 0 6 C;T+,C01,Sol’ C33, 88,
1 3 an, X311, Xty
2 1 Lt
2 4 0 3 X063, Xdb2, X etz
1 1 L*++
3 1 0 1 Lyt
10 0 3 0 1 Ls, o
1 3 Clo, m, Aso
1 6 0 3 €3y, Adi, Adi
1 3 X, Xdh, Xoha

where U(4) representations are expressed in SU(B)®U, composition as

4 =(,0+G1) Ga)

6" = (3,00+(3, 1). (9b)

The tensor representing the multiplet in the 10-representation is given by

B, = 5403080+ H((s"(s,,55+555“5" 845362) By (10)

NE

The U(4)-multiplets B{m,} and BY, ; can be expressed as follows:

{nv
Bl = \—/%5;5{5;%,‘1?% \%(5;}{5353&55 5u0ve) Ty (10a)
and
B, = 8,835 + —1:(5;',53—525;1)1;'“. (10b)

V2
In both U(4) and U(5) the tensors are normalized to the particle number in the multi-

plet. The (3, 1) components of 4-mult1p1et expressed by the tensor T} I J} in Eq. (10a)
are given by Eq. (6b) with an additional prime attached to each particle. Thus for example
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T8y = Aio/y/2. The (3,0) component of Eq. (9b) has been expressed by T, in Eq.
(10b) and can also be designated by the particle identification of Eq. (6b) with additional
primes. They are distinguished by C—C’ values from the particles T} in Eq. (10a).
We also retain the same symbol for L% in Eq. (10a) as that of Eq. (6d). The second part
of Table III expresses our choice of the nomenclature for 10-representation.

3. Most general currents and magnetic moment operators in U(S5)

By similar argument as shown is the reference CJ1, the most general current for
40-representation is given by

J@0), = 1 BBy + 1B Bacyp + 209 BB Yo (11)
where
(BB 4o = BBy, (11a)
Similarly for 35-representation the most general current is given by
Ji @z = poB"*B .+ 855 BBV ;35 (12)
where
(BBY35 = BBy (12a)
Also for totally antisymmetric representation 10 of U(5) we obtain
J(10); = 1, BB ey + 2165 BB 10 (13)
where
(BBY 1o = BB 44y (13a)

Assuming that the charge operator is
Q5 = 4555 (14)

where ¢, = ¢4 = g5 = 2/3 and ¢, = g3 = —1/3 in C—C’ model (see also Ref. [11])
and g; = g4 = 2/3 and g, = g5 = g4 = —1/3 in the alternate mode! (Section 4), the
expectation value of the magnetic moment operator is proportional to

J(X); Qs (15)
where X stands for either 40-, 35- or 10-representation.

A. 40-representation

Using Egs (5), (5a)—(5d), (11) and (15) we find the same results for the charmless and
fancyless particles as in CJ1. For the sake of completeness we reproduce some of the
results. For SU(3) baryon octet we have

#p) = pE") = (1/6)p—(1/3)n,+(2/3)go, (16a)
p(n) = pE%) = (1/6)pe+(1/6)p,+(2/3)g0 (16b)



954

HET) = u(Z7) = —(1/3)u+(1/6)n,+(2/3)go, (16¢c)
WA = (/125 +(1/12),+(2/3) g0, (16d)
pE®) = — (/1) — (112, +(2/3)go- (16¢)

The only difference between the results obtained in CJ1 and here is the fact that the con-
stant gy = 2g, and does not change the main results obtained by Glashow and Coleman,
or Okubo [15].

The nonvanishing transition moments for the octet are given by

1
0 0 0y, 150
CETpIATY = (AT plE™) = ~ FE (i< + py). (16f)

For the charmed baryons with fancy quantum number C’ = 0, belonging to the sextet
(6,1) we get

W(CTo") = ()3, —(1/3), +(2/3)g0, (17a)
#(Clo) = u(STo) = (5/12)u—(1/12)pt, +(2/3)g0, (17b)
#(Clo) = H(STo) = W(To) = p(n). (17¢)

For the charmed baryon triplet (3,2) with C’ = 0, we have
w(X50) = w(Cio), (18a)
H(X320) = H(XJ30) = p(p)- (18b)

For the charmed triplet (3, 1) with C’' = 0, we get

MClo) = m(Afo) = (1A~ (1/4)n,+(2/3)g0, (19a)
#(A%e) = —(1/6)p,~(1/6)p,+(2/3)go- (19b)

The transition moments between C’ = 0 particles belonging to (6, 1) and (3, 1)-re-
presentations remain also unchanged. The results are

"(CNTOWICTO == —<CI'quIC“1+o> = <Sl+o|ﬂ|A;ro> = <Afo|ulSTo> = <201HV\0>- (20)

Now for particles with C’ = 1 belonging to 10’-representation, the sextet (6, 0) yields

#(Co1") = u(Ciy), (21a)
#(Cq1) = u(So1) = u(Sio), (21b)
W(Co1) = u(S51) = W(T5y) = p(n). (210
For the (3, 1), C' = 1 particles
MX11) = w(Cio), (222)

#Xd11) = w(Xi1) = n(STo)- (22b)
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For the singlet (1, 2) with C" = 1
ML) = p(CLo). (23)

The representation 6’ (see Eq. (4c)) with C’ = 1 has a triplet (3, 0). The magnetic
moments for those particles are given by

#Co1) = m(Agr) = (17/36)u—(1/4)n, +(2/3)go, (242)
WAGy) = (1/18)pe—(1/6)u, +(2/3)go. (24b)
For the particles belonging to (3, 1) of 6" with C' = 1, we have
#X 35T = (8/9)p—(1/3)1,+(2/3)go, (252)
n(X) = w5 = u(Csy). (25b)

The particles belonging to the 4-representation with C’' = 2 possess magnetic moments
under our assumption as follows:
For (3, 0)-representation we find

X 553) = u(CigH, (26a)
#(Xdo2) = (X 552) = p(p)- (26b)

For the singlet (1, 1) with C' = 2, we obtain
w(Liy) = w(Cio)- (27)

The nonvanishing transition moments between the particles belonging to 10- and
6’-representations are given by

—(CaluCay = (Sailuldgy = AKX IR LD = 4/3) (X3 XS D
= (43) (XX D> = EOuIA. (28)
Here we must remember {X|u|Y) = {Y{u|X).

B. 35-representation

For the particles with C’ = 0, the magnetic moments remain unchanged as in the
40-representation. For the sake of completeness and slight modification of the nomen-
clature of the particles due to the introduction of the new quantum number C’, we again
quote some basic results already obtained earlier in CJI.

For the decouplet particles belonging to (10, 0)-representation with C’ = 0 we find

BONTT) = (230 +(2/3)g, (29a)
pN*TY = p(Y*) = (1/3)po+(2/3)g, (29b)
pN*®) = p(Y*) = uE*") = 2/3)¢’, (29¢)

p(N*T) = pu(Y*7) = w(E*) = w(Q7) = —(1/3)uo+(2/3)g". (29d)

In the above equations we have set g’ = 2g.
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For the particles belonging to (6, 1)-representation with C’' = 0

W(CHE) = p(N*T Y, (30a)
W(Clo) = u(STo) = p(N*™), (30b)
MST0) = M(C10) = W(Tig) = p(N*). (30c)
For the particles belonging to (3,2) representation

MX320") = (N ), (31a)
(X 350) = (X T50) = p(N**). (31b)

The magnetic moment for the singlet belonging to (1, 3) with C’' = 0 is
WI55 ") = pN*T). (32)

For the particles belonging to the 10-representation with fancy quantum number
C’ = 1, we obtain the magnetic moments as follows:
For the particles within the (6, 0)-representation (C’ = 1)

wCoi 7)) = p(N**7), (332)
MCo1) = u(Soy) = p(N*), (33b)
H(CoD) = m(S5D) = u(N*). (33¢)
For the particles within the (3, I)-representation (C' = 1)
HXLHT) = p(N*T ), (34a)
HXE) = pXh) = p(N*™). (34b)

For the singlet with C’ = 1 and C = 2 we find
WL517) = p(N**). (33)

The particles which belong to the (3, 0)-representation of the multiplet 4 withC’' =2
yield the following results:

H(X302") = p(N** ), (362)
(X 302) = (X55) = p(N**). (36b)
For the (1, 1)-representation belonging to 4 with C' = 2, we have
( *++ H(N*+ +). (37)
For the singlet with C = 0 and C’ = 3 we have

u(Los ™) = p(N** ™). (3%)
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C. 10-representation

The particles belonging to 10-representation expressed by the Eq. (9) has the ;-compo-
nent with C’ = 0 and a sextet 6" with C' = 1. Using Egs. (10)—(10b) and the Eq. (13)

we find for the (3, 1) component of the 4-representation
MCo) = mAT) = (113 +(2/3)g), (392)
u(A4o) = (2/3)g1 (39b)

where we have set g; = 2g,. For the (I, 0)-component of the g-representation with C’' = 0,
we find
#(Loo) = p(A75)- (40)

The moments for the particles belonging to the 6"-representation with C’ = 1 are
as follows: For triplet (3,0) particles, we have

#(Co1) = m(A4oy) = u(Cio (41a)
#AGY) = H(4g))- (41b)
Similarly for (3, 1)-particles with C' = 1, we find
HXT) = 3w +(213)g) (42a)
WX = w(Xiy) = p(CLo)- (42b)

4. Alternate model with f-quark having Q = —1/3

Some authors [2] have indicated that the charge of the new quark f has shown some
experimental bias for Q@ = ~— 1/3. Although the justification of such conclusion is not com-
pletely overwhelming, we have nonetheless assumed the possibility that Q = —1/3 and
studied whether this quark charge has any influence on the magnetic moments under the
U(5)-symmetry. We have assigned the quantum numbers of f alternative values as follows:
Q= —1/3, Y =4/3, B=1/3 and C’ = 1. In contrast to the Eq. (1), we assume that the
Gell-Mann-Nishijima formula takes the form

0=05L+2)+C-C. (43)

With this assignment all unfancied particles remain unchanged. We retain the same nomen-
clature for the unfancied particles, we do however use for the fancied particles the same
symbols with bold letters as given in Tables I and III, except that their charge assignment
changes completely within a group. We have shown them in Table IV,

We can easily notice that in order to get the particles of Q@ = —1/3, with C* = 1 from
Q = 2/3 assignment, we have merely to reduce the charge by one unit. For C’' = 2, we
have similarly to reduce the charge by two units. Thus for C' = 1, C5," of Q@ = 2/3 model
belonging to 10’ of 40-representation goes over to Cg; in Q = —1/3 model. However
C' =2, X} of ﬂ-rep_resentation belonging to 40-representation for example changes to
X3,. For the particle with C’ = 3, the charge reduces by 3 units.
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TABLE IV

Baryon identification in the following splitting scheme: U(5) > U@)® U, - (SUBGRQUHRU, for 40-,
35-, and 10-representations for C’ # 0 particles (alternate model)

u) . U@) SU®3) .
Rep. C Rep. C Rep. Particles
40 1 10’ 0 6 C%:1,C1, 884, Co1, 801, To1
1 3 XEi, X3, X204
2 1 L%,
6’ 0 3 631, A1, Aoy
1 3 X610, R0, XS0
2 4 0 3 X0z, X302, Xsoz
1 1 LY,
35 1 10 0 6 Col, €33, 853, €51, 851, To1
1 3 Xui1, Xdi1, X5t
2 1 L3t
2 4 0 3 X382, Xdoz, X302
1 1 Lys
3 1 0 1 L33
10 1 6” 0 3 Ca, A8°1,, Agy
1 3 X1, X, Xsly

A. 40-representation

When we replace in the calculation for magnetic moment the charge of the f-quark
by Q3 = g5 = —1/3, we have found that all Eqs (16a)—(20) remain unchanged in so far
as we replace the constants go = 2g, by g; = go/2 and remember that for C’ = 0, our
particle nomenclatures remain the same. For C’' = 1, and for particles belonging to the
10’-representation with nomenclature as in Table IV, we find for SU(3) sextet

w(C31) = u(p), (442)
w(€oy) = u(Soy) = E), (44b)
#(Cor) = u(Soy) = u(Tgy) = pE"). (44¢)
For the SU(3) triplets belonging to the 10’-representation (C’ = 1) we have
#(Xii1) = u), (452)
#Xd1n) = p(X5yy) = uE°). (45b)

On the other hand for the singlet of the 10"-representation
w(L31) = p(p)- (46)
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Similarly for the 6’-representation with C' = 1 (see Table IV) we find

w(Cor) = w(Aor) = —(1/36)ue+(1/12)p,+(2/3)g0, (47a)
mAoy) = —(4/Nu.+(1/6)p,+(2/3)g0, (47b)
w(Xi10) = (7/8)u.+(2/3)g5, (48a)

WXd11) = w(X3y) = w(C3y). (48b)

Finally for the particles belonging to the 4-representation we find for the f-quark
charge 0 = —1/3

F‘(X‘?oz) = I‘(L(l)z) = u(n), (49a)
#(Xa02) = m(Xs02) = u(Z"). (49Y)
B. 35-representation

For particles belonging to the 20-representation with C’ = 0 the magnetic moments
stay unchanged (Eqs (29a)—(32)), except the constant g’ = 2g has to be replaced by
g’ = g/2. For the representation 10 with C’ = 1, we get

#Cor) = p(Xah) = w(L3) = (13)mo+(2/3)g", (502)
w(Co?) = m(Soy) = u(Xd)) = n(X1) = (2/3)8”, (50b)
#(Co1) = u(Sor) = p(T5r) = —(1/3)uo+(2/3)g" (50c)
For particles with C’ = 2 and belonging to the 4-representation we find

HXi52) = u(L13) = w(Coy)s (51a)
#(Xs02) = w(X:o2) = w(Coyz)- (51b)

Finally for the particle with C' = 3 and belonging to 1-representation we get
wLy3) = w(Cs7). § (52)

For the new nomenclature of the particles we must not forget to compare the notations
in Table IV.

C. 10-representation

In this representation particles with C' = 0 stay unchanged. We can use the Eqs
(392)—(40) with the modification that g; = 2g, must be replaced by g;" = g,/2.
For the particles with C’ = 1 and belonging to the 6”-representation

wCo1) = MAgY) = p(Xty) = (2/3)g”, (53a)
w(dor) = —(1/3)u:+(2/3)gY, (53b)
(X)) 113 +(2/3)gY . (53c)
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5. Concluding remarks

We have extended the U(4)-model by introducing another quark, first according to
the prescription of the C—C’ model of Achiman, Kollar and Walsh and then slightly modi-
fying the model by changing the f-quark charge to —1/3. Then assumingf that the magnetic
moment operator transforms as charge operator, we obtain the magnetic moments of the
baryon in the U(5)-symmetry. The magnetic moment results of all particles, which show
up in U(4)-symmetry, have been found to remain unchanged, which is not at all a surprising
result. The magnetic moments of new particles, which should show up if the quark model
is the true description of the baryon composition can be expressed in terms of the moments
of some particles in the U(4)-symmetry.

As we have mentioned earlier, we have discussed both cases of the charge for the
f-quark, ie., Q = 2/3 and Q = 1/3 and Q = —1/3 separately. The reason for doing so is
the fact, that in Y-spectroscopy, according to several authors the second charge choice
might be experimentally favored, although it is not completely certain. The discovery
of further meson and baryon states will clarify the situation.

As a natural extension, we have enlarged the U(5)-symmetry to U(10) to incorporate
intrinsic spin as we have done in the SU(8)-symmetry (CJ2, [12]). In the second part of
this paper we would give the results obtained for the U(10)-symmetry.
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