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Original scientific paper

Within a broken SU (6) approach to the mass matrix we derive a set of experi-
mentally well supported vector meson linear mass relations. We then determine
the masses of the B¥ vector mesons. We also investigate the average vector meson

mass dependence on the number of quarks and use it to predict a new z z mass
value and to confine the T* vector meson mass spectrum within a plausible range.

1. Introduction

The history of the attempts to theoretically determine the vector meson mas-
ses goes way back to the first appearance of broken SU (3) and the consequent
Gell-Mann-Okubo mass formula!). Unlike the case of baryons where this formula
produced experimentally well satisfied linear mass relations, the mesons, both pseu-
doscalar and vector, seemed to favour the analogous square-mass relations.

The observed vector meson masses (then, a nonet of K¥, g, o, @) required
an additional consideration known as the w — @ mixing, proposed by Sakurai?
and later elaborated by many authors®. A variety of approaches converged to the
conslusion that @ and @ are nearly ideally mixed which, in the quark language,
amounts to saying that @ is the s5 bound state.

The appearance of ¥ vector meson and the outstanding success of the char-
monium sheme testified to the ¢¢ quark composition, and analogously, the detec-
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tion of T vector meson led to the bb quark composition. Hence our assumption,
in this paper, that vector mesons form a basis of the 6 X 6 direct product repre-
sentation of SU (6).

The broken SU (4) mass formulae were developed by Mathur, Okubo and
Borchardt®’, with both linear and quadratic options, and the broken SU (5) was
considered by S. Ono, S. Sawada and also by Baghi at al.®.

An interesting approach to the mass sum rules, in which SU (3) subgroups
of the broken symmetry group are investigated, instead of the full SU (n) algebra,
has been introduced by Dattoli et al.®’. Unlike our paper this approach avoids ex-
plicit use of the SU (6) representations and the corresponding algebraic machinery,
but instead makes use of suitable assumptions on the SU (3) transformation pro-
perties of the mass operator.

Group theoretical implications for the meson mass spectrum were also exten-
sively studied in terms of broken chiral symmetries, realised in the Nambu-Gold-
stone manner”, in particular SU (3) x SU(3) and SU (4) X SU (4). This ap-
proach, however, depends on current algebra techniques, partial conservation ru-
les, gauge invariance etc., and generally produces sum rules in which the meson
mass spectrum appears involved with other parameters, such as form-factors or
decay constants. Combined with the quark-lagrangean model the chiral symmetry
approach produces the current quark mass ratios and their connection with the ob-
served meson masses makes an interesting study.

From our point of view the most exciting situation is created by the failure so
far to experimentally detect the long expected ¢t bound state, i. e. the SU (6) mis-
sing vector meson. To the current flood of theoretical conjuctures®, our paper via

an empirical mass recurrence relation adds a new ¢z mass estimate, higher than
the recent folklore belief of 28—29 GeV®.

2. Masses of the heavy vector mesons

In arecent paper by Aubrecht and Scott!? a broken SU (6) internal symmetry
is used, supplemented by an empirical rule, to determine a quark mass spectrum.
In our paper an analogous approach is applied to the vector meson masses.

We make the following assumptions about the physical states:

-There are six quarks ¢,, with @ = 1, ..., 6, conventionally named «, 4, s, ¢, b, ¢
and they make a basis of an SU (6) six-dimensional representation IR-6, in which
the generators F,, are chosen as the 35 linearly independent, Hermitian, traceless
matrices!!):

1
(F;fq))ﬂﬂ =7 (6nu 0q8 ~+ Oga Opp)> 1<p<g<6,

(Fes = 5 (Opa0p — Sead)y 1 <g<p <6, SO
1 =
(F,(,G()aﬂ = Vﬁ(—f’_——l) (kgl Oa —(p —1) 6,,,), 2<p<L6.
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The vector mesons are assumed to form a basis g, gs of the reducible 6 X6
direct product representation (e. g. B =b7%¢, T, =5, D =55, ¥ =cc, T = bd,
etc.). This single-pair assumption is supported by increasing experimental eviden-
ce, in particular by the outstanding success of quarkonium schemes. The two ligh-
test vector mesons ¢ and @ make a well known exception, but that is here irrelevant
since we neglect the SU (2) mass symmetry breaking.

The broken SU (6) symmetry is manifested by the transformation properties
of the mass operator .# which is assumed to be an SU (6) scalar plus a linear com-
bination of the 35 components of a tensor operator of the SU (6) regular represen-
tation. In order to ensure the mass matrix to be diagonal in the basis of the physi-
cal states only those components are included which do not change the quantum
numbers. Neglecting the electromagnetic mass differences (#3 ~ 0) this gives

M=o+ 3 al, 2<p<6, )
b 4

where a, are the mass operator symmetry breaking constants.
The mass of a vector meson V is given as the matrix element
my = (V|#| V), 3
and can be brought, on account of (2) and the stated assumptions about the quark
structure of the vector mesons, into the following form

my = M+ %l {1 = 2) (e + 6,0) +‘; >':i (O + 8ee)} oo @
p= =

where a, f indicate the quark-antiquark structure. The constants M and ¢, desig-
nate five, SU (6)-independent, parameters.

Relation (4) yields the vector meson mass formulae given in Table 1.

TABLE 1

\ V * »* o * * x

elo| o |k* | w | P | Y |B*|B: |B |t {7 |77 |2 |23

my\

N T T U U A T AU A T N T AU N T AT B O T T I I

N 1 1 1 1 _

12l o | Lt a]lo|L]-1lo|o|Li-1]l0]0

© 2 2 2 7 | ! .
1|1 3 1|1 3

¢ 1|1 |=3|=1|=1]o |11 3o |L]L]| 20
s ! 2 [ 2|72 2 |2 |72

es a1l 1|1 1|1 b =4|3 3| 3]0 | L] LA
A 2| 72| 2 2 | 2| 2

6 (111t |1 |1l a1 |=5|=-2|-2]-2]|-2

Vector meson mass formulae
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As seen from Table 1 relation (4) can be viewed as a dependent linear system
of 16 equations in 5§ unknowns M, c3, ¢4, Cs, ¢ and its consistency implies linear
mass relations such as:

2K*=& + p, Q)
Y _ ¢ =2D%—2K¥* (6)
F* 4+ o = D* 4+ K* @)

Experimental values support these mass relations to high accuracy giving in
(5): 1.78 ~ 1.80 (GeV), in (6): 2.08 =~ 2.24 (GeV), and in (7): 2.92 ~ 2.90 (GeV).

Comment: Relation (5) could have been known already within the SU (3) me-
son spectroscopy, but at the time of its development the quadratic mass relations
were held in favour. Relations (6) and (7) are typical of the SU (4) spectroscopy
and some equivalent expressions appeared within the SU (4) approach in Dattoli
at al.® and within the chiral SU (4) X SU (4) approach in Das and Deshpande”’.

Parameters M, cs, ¢4, 5, ¢ Would be fully determined if masses of all the vec-
tor mesons with vacuum quantum numbers were known. In fact, denoting the mas-

ses of g, w, D, ¥, Y, 1z as m;, ..., mg, respectively, we have

my, 1 e}
_ M , 8
“ ? Tr—1E2™ @®
and also
I 6
M=—3 m, ©)
6 =

Relation (8) is not the only way in which we can express the values of the con-
stants ¢, in system (4). The essential point, however, is that for each ¢, we need
the knowledge of the experimental mass value of at least one vector meson which
contains the quark g,. From (8) we have

c3 = — 80 MeV, cs = — 560 MeV, cs = — 1620 MeV, (10)

but cannot determine cq since there is no experimental mass value of zz vector
meson.

The same reason prevents determination of M from (9) but Table 1 shows
that within any subset of vector mesons, distinguished by the presence of a parti-
cular quark g,, both M and c¢s can be eliminated when the mass value of any
one member of the subset is known. In particular, the insertion of (10) into Table
1, the knowledge of T — mass value and subsequent elimination of M and ¢, gives
for the B¥* vector meson masses:

B* = 5140 MeV, B; = 5260 MeV, B? = 6300 MeV. (11)
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Therefore, we expect B* vector mesons to have masses in the range 5—6.5
GeV.

Because, so far, there is yet no experimental knowledge about the mass of any
t-qurak containing vector meson we can not use Table 1 to determine T* vector
meson masses unless we have some alternative method to obtain the value of M.

In this connection we consider formula (9) as the expression for the SU (6)
average vector meson mass, M = Mg, and introduce an SU (n) generalization

M=L%m 2<n<s. (12)
n p=1
The experimental data yield:
M, = 780 MeV, M; = 860 MeV, M, = 1420 MeV, M = 3036 MeV. (13)

The values (13) fit well into a recurrence relation

I My 1 M,
n lbdn o n—1 lldn—l ’ (14)
which gives
1My 1M, 1 Mg
T, 3M, A, P (1)

with 2 = 0.55, 0.55, 0.53, respectively.
Insertion of M,, M into (14) yields

M < Mg = 8349 MeV, (16)
which, when introduced into the mass formula for T in Table 1 gives

e = — 5400 MeV, a7)

and, consequently, from the ¢z mass formula in Table 1, predicts the mass value
for the ¢z bound state as
m;; & 35 GeV. (18)

This is somewhat higher than the previous estimates, obtained by a variety
of methods and by different authors, but the negative results of the experimental
search so far, and also the forthcoming extension of the e* e~ coliding beams ener-
gy range'? to 30—40 GeV, qualifies result (18) as an interesting possibility.

To obtain the T* meson masses we insert (10), (17) and (18) into Table 1 and
get

T* = 18029 MeV, T; = 18149 MeV, ]

T; = 19189 MeV, T, = 22399 MeV,
thus indicating 18—23 GeV as a plausible 7% mass range.

(19)
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3. Conclusions

The broken SU (6) approach to the mass matrix gives rise to the experimen-
tally well supported vector meson linear mass relations. Supplemented by an empi-

rical recurrence relation it leads to an interesting estimate for the missing ¢z vector
meson mass.

References

1) M. Gell-Mann, Phys. Rev. 125 (1962) 1067; S. Okubo, Prog. Theor. Phys. 27 (1962) 949; 28
(1962) 24;

2) J. J. Sakurai, Phys. Rev. Lett. 9 (1962) 472;
3) e. g. M. Gourdin in: Symmetries and Quark Models, Ed. R. Chand, Gordon and Breach (1970),

4) S. Okubo, V. S. Mathur and S. Borchardt, Phys. Rev. Lett. 34 (1975) 236; V. S. Mathur, S.
Okubo and S. Borchardt, Phys. Rev. D11 (1975) 2572;

5) S. Ono, Phys. Rev. D17 (1978) 808; S. Sawada, Prog. Theor. Phys. 59 (1978) 491 ; B. Baghi,
V. P. Gautham and A. Nandy. Lett, Nuovo Cimento 24 (1979) 175;

6) G. Dattoli, R. Mignani and D. Prosperi, Lett. Nuovo Cimento 24 (1979) 193; P. Camiz, G.
Datoli, R. Mignani and D. Prosperi, Nuovo Cimento 50A (1979) 97;

7) M. Gell-Mann, R. J. Oakes and B. Renner, Phys. Rev. 175 (1968) 2195, C. Cecchini and G.
Cicogna, Nuovo Cimento SA (1971) 572.
D. A. Dicus and V. S. Mathur, Phys. Rev. D9 (1974) 1003 ; R. J. Oakes,and P. Sorba, Nuovo
Cimento 50A (1979) 291; K. P. Das and N. G. Deshpande, Phys. Rev. D, 19 (1979) 3387;
K. Yamawaki, Nuovo Cimento, 51A (1979) 159;

8) T. F. Walsh, DESY 78/58 (1978); S. Meskov, CALT 68—655 (1978); H. Harari, H. Haut
and J. Weyers, Phys. Lett. 78B (1978) 459; M. A. de Crombrugghe, Phys. Lett. 80B (1979)
365; H. Fritzsch, Nucl. Phys' B155 (1979) 189; H. Georgy and D. V. Nanopoulos, Phys.
Lett. 82B (1979) 392; G. Preparata, Phys. Lett. 82B (1979) 398; A. Ebrahim, Phys. Lett.
83B (1979) 203;

9) e. g. N. Krammer and H. Krasemann, XVII Internationale Universititswochen fur Kernphysik,
Schladming, 1979;

10) G. J. Aubrecht II and D. M. Scott, Nuovo Cimento 50A (1979) 241;

11) e. g. Y. Fujimoto and N. J. Papastamatiou, Nuovo Cimento 48A (1978) 24;
12) e. g. PETRA at DESY.

SU(6) NARUSEN]JE I MASE VEKTORSKIH MEZONA
S. FAJFER i Z. STIPCEVIC
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Originalni znanstveni rad

U okviru SU (6) narusenja masene matrice dobiven je niz linearnih masenih re-
lacija za vektorske mezone. One pokazuju dobro slaganje sa eksperimentalnim vri-

jednostima. U radu se dobiva i novo predvidanje vrijednosti mase o&ekivanog tz
vezanog stanja.
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