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ABSTRACT

In the SU(4)/ Z(2) sextet quark model the lepton pair decay rates
and the quark wave functions are obtained for the neutral vector mesons
p,w, d,b,d ", and &~ 7 from Weinberg's first spectral function sum
rule, Nine vector meson mass formulas are also given, three of which
agree with existing data,while the remaining six predict the strange and

charmed meson massesg,
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We have recently proposed a sextet quark model1 in which the
quarks belong to the six dimensional representation of SU{4)/ Z(2) ~ 0{6).
Three of the quarks p,n, )\ have charges 2/3, -1/3, and -1/3 and belong
to a 3, as usual, and the three new quarks x, vy, z have charges-1/3, -4/3,
and -1/3 and belong to a 3 with charm2 C = -1, In this model, the six

neutral vector mesons p(770), w(783), ¢(1020), w{3095), §“(3684)and L~ “(4150)

are all 381 quark-antiquark ground states.

Here we use Weinberg's first spectral function sum rule3 to obtain
relations among the lepton pair decay rates of the neutral vector mesons,
which agree well with present data, ¢ and to determine their quark wave
functions. In addition, we obtain nine nontrivial relations among the masses
of all 6 x 6 vector mesons inthis model from naive quark model arguments, Three
of these mass formulas are found to be in remarkable agreement with existing
data while the other six predict the masses of the, as vet uncbserved,
strange and charmed vector mesons.

The quark wave functions of the neutral vector mesons have components in

the representations contained inthe product 6 x 6 =1 +415+20 andcan be written

lp> =[]|15,8,3> -]20,8,3>1/NZ (1a)
(> mcosOl]4,1,1> - [15,4,1>1 /N7 +sinol [15,8,1>- [20,8,1>1/yZ
' (1b)
l¢> = sin6[ 1,1, 1> -115,4,1>1 /N2 -cos6l| 15,8, 1> - 120,8,1> 1 /~NZ
' ‘ (1c)
lb> =cos €1 (1,1,1> +[15,4,1>1 /N2 +sin ol [15,8,1>+ |20,8,1> 1/ 8%

(1d)

> =sin 9 [[41,4,1>+ [15,1,14>] /N2 - cos € []|15,8,1>+]20,8,1>1 /N7
(1e)

lw>= [ [15,8,3> + |20,8,3>1/N2 (1f)
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where [D4, D3, D2 > are the 13 =0 qti wave functions belonging to the

SU(4), SU(3) and SU(2) representations with dimensions D D3 and DZ’

4
respectively, In Egs. (1) we have assumed that the constituent quarks
of p, wand ¢are only p,n and \ while those of ¢, &” and U ~“ are only
x,y and z; i, e,, we have taken the mixing angles between the two SU(3)
singlets as well as between the two SU(3) octets to both be «/4, In
addition, we have assumed that both w-¢ and ¢-{ “ mixing are of the

singlet-octet mass-mixing type so that < w! ¢> = <uly > =0,

The electromagnetic current in the SU(4) Z(2) sextet modeliis

em 3 1 .8 J? 15 r2 .0
=V + Vo- 2V - 2V 2
JH b N3 n 3 0w J3 B 2)

and the lepton pair partial width of the vector meson V is

T - 417 o ’<OIE Jem1v>12
Vv 3 TR R '
SmV

(3)

im | V > is a linear combination of the

matrix elements <0 !e“VQf D4, D3, D2>. The anly suchnonvanishing matrix
M

Evidently the amplitude <0 | € MJ

elements can be written in terms of a single form factor

gk™) - <o0le V0[1,1,1> - <ole v¥® 15,1, 1>
hoR bR
(4)
- <0le V0 115,8,1> = <0le V> | 15,8, 3>
b bR

assuming the hadron symmetry is U(4) in the equal mass limit. Although

the physical masses are not equal,the different coupling constants that
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2
result when the form factor gik ) is evaluated at kz = mé for each of the

six vector mesons are related by the spectral function sum rule.

Weinberg's first spectral function sum rule, 3 extended to the 16

currents of U{4), is

2
2 pa/ B(m )
dm = ———m—— =54 c e, B =0,3,8,15) (5)
2 aPy
m
where paﬁ(mz) is the spin 1 spectral function occurring in the Kallen-

Lehmann representation of the current propagator <0 [ TVZ (x)Vf(O)( 0>,

Saturating Eq. (5) with the six vector mesons p,w, ¢, ¢ ,& “ and ¢~ ~

%7)/ rnz

requires that the ratio gzim v

be independent of the vector meson
mass, Then independent of the w-¢ and -y “ mixing angles there are

three relations among the lepton-pair widths:5

mT =3m T +mT)=1—(mT+m,,T,)
o p W ow o ¢ 3 U

vy 4 wer Ty (6)

i
3
_1

In addition, there are two relations which depend on the mixing angles:

m I >

% - tan” 8 (7)
m ., T |

¢ 0
leer 3 (2'\:‘_2' - tan ©& 8)
m T . 1 +2N2 tan ©®

From the experimental widths, 6 we find

1
mI :3m T +m, T V:-{m T +m I ):m T .
pop W w ¢ 0 3 U W b W

=4,97+£0,67:5.90x0,.73:7.65x1,36; 10 to 20 MeV2
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in rather good agreement with Eq. (6) except for the ¢ whose width

;o

is poorly known. Using Eq. (6)to determine the | leptonic pair width

vields

TqJ,, =1.5 KeV . (10)

From the data6 Fqgs. (7)and (8)imply tan 6 = 0, 66 = 0, 08 and
tan © =0.31 + 0,08, These empirical angles suggest the magic mixing

hypothesis for which

tan 8 =1/N 2 = 0,71 (11)
tan ® = 1/(2N2) = 0. 35. (12)

With magic mixing «w and ¢ are composed of purely nonstrange and
strange quarks, respectively, while ¢ and 4~ transform purely as
octet and singlet components, respectively, under the SU(3) subgroup
whose multiplets lie in the planes normal to the direction of strangeness
plus charm. ! Under the usual SU(3), whose multiplets are normal to the
direction of charm,  is predominantly a singlet and \ © is predominantly
an octet component.

For the magic mixing angles in Egs. (11) and (12), the vector meson

quark wave functions are

| p> = (pp - nn}/N2 (13a)

lw> = (pp +m)/INZ (13b)
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Lo> = aX (13c)
| y> = (xx +yy +22z)/N6 (13d)
| y> = (xx +yy - 2z)/N3 (13e)
[ > = (xx-yy INZ (13f)

and the lepton pair widths are in the ratios

r : r : : : - .l s PRV .
mp 0 m T m¢T¢ ququ qu qu mkll fq) . (14)
: : : 1. 2
o+ 1t 2 63 10 = 9
6
Experimentally
I
in_f.’.__E'. ‘ mul“w ' mérqﬁ . mq‘[l“LIJ . de'er’_ m¢,,r¢,,
? ' o 2 16 13 {0 2/3 5

=0.55%£0,07 ¢ 0,60%£0,14 :0.69 +0,05: 0,94 + 0,411 : 0,76 + 0, 21:

1to ZMeV2 . (15)

In the naive quark model the neutral vector meson wave functions,
Egs. (13), lead to two mass formulas: the well-known relation8

m = mi ~ (0,783 GEV)Z (16)

m 2=2rr1 2-m2:(4.i9GeV)2

LIJ.OI LJ,J, dJ (17)

4
These agree very well with the observed values mp = 0,770 GeV and

m .. = 4.15 GeV, DBy extending these naive quark model arguments to
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the strange and charmed 381 aq ground states that occur in the product
6 x 6 one can calculate the masses of all the 3§ vector mesons in the
SU(4) Z(2) sextet quark model, !

There are two charm 0, strangeness + 1 isodoublets K*(892) and

b3 . 8
Kc and their masses are

m?% = im?+m?)= (0.909 Gev)? (18)
* 2 w ¢
K
and
m% = im?+m?)= (3.40 Gev)® . (19)
K 2 ! \r
c
The K mass agrees well with the observed value™ m . =0.892 GeV
ke K e ale
e A o o S
and Eq. (19)is a prediction. The singlet o and triplet T R S
>,‘:0

T vector mesons have C =1, S = 0 and their masses are

2
m . 2=m = m +m. %)= (2.99 GeV)Z . (20)
O".‘ ‘T'P 2 P LlJ
A Q)

There are two C = +1, S = -1 vector meson doublets £ , € and
4 ) T, ;’" with rnasses9

2 1 2

m, =m ‘,_2 = = (m2 +m2 +M +m 2,) = (2.49GeV)2. (21)
3 - 4 w ¢ W b

e

Lastly, the mass of the C = +1, S = -2 singlet vector meson 50 e

m2-2m? +m?om?+m 2 -m? -m 2 )=(1.87 Gev)?

A L T A (22)
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Observe that 'r"‘, 4 “and 8 which belong to an SU(3) 6 are equally

0

spaced and their splitting is equal to that of o and §  which belong
to an SU(3) 3 .

Altogether, nine mass formulas have been given above, three of
which can be compared with existing data and the agreement is excellent
(2 %), The other six relations predict the masses of the strange
and charmed vector mesons which remain to be discovered,

We are grateful to Professor B, W. Lee for his hospitality at the
Fermi National Accelerator Laboratory where part of this work was

carried out.
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