III. If it is assumed that only the no meson is an "elementary" particle, then (&)

takes the form
a_o 0,187
2 . (6)

ll”o m

0

That is to say, we find that a , > 0. Expression (6) corresponds to TO = 0.63 x 10718 seec,
whereas the latest experimental data [11] yield TiOXp = (0.73 £ 0.105) x 10~1€ sec.

Since, first, the results of [10] favor the choice ao < 0, and second, the lifetime
Tn in variant IT is smaller by one order gf magnitudg than that expected from symmetry the-
ory, it must apparently be assumed that n , 7, and X are "elementary" particles and not

reggeons.

(1] V. Ya. Fainberg, Lectures at the Dubna International School, I, 1964; JETP 47, 2285
(1965), Soviet Phys. JETP 20, 1529 (1966).

(2] R. E. Prange, Phys. Rev. 110, 240 (1958).

[3] L. V. Filkov and N. F. Nelipa, Nucl. Phys. 59, 225 (196k); L. V. Fil'kov, Candidate's
Dissertation, Phys. Inst. Acad. Sci., 1965.

[4] s. B. Gerasimov, YaF 2, 598 (1965), Soviet JNP 2, 430 (1966).

(5] S. D. Drell and A. C. Hearn, Phys. Rev. Lett. 16, 908 (1966).

[6] L. I. Lapidus and Chou Kuang-chao, JETP 41, 1546 (1961), Soviet Phys. JETP 14, 1102
(1962).

(7] F. E. Low, Phys. Rev. 96, 1428 (1954).

[8] S. Ocubo, Progr. Theor. Phys. 27, 949 (1962).

[9] M. L. Goldberger and S. B. Treiman, Nuovo Cimento 9, 451 (1958); L. I. Lapidus and
and Chou Kuang-chao, JETP 41, 294 (1961), Soviet Phys. JETP 14,210 (1962); P. S.
Baranov, V. A. Kuznetsova, L. I. Slovokhotov, G. A. Sokol, L. V. Fil'kov, and L. N.
Shtarkov, YaF, 1967, in press.

[10] G. Bellettini, C. Bemporad, P. L. Braccini, and L. Foa, Nuovo Cimento 404, 1139 (1965).

ELECTROMAGNETIC PROCESSES AND INTEGER QUARK CHARGE

A. A. Komar and L. M. Slad’

P. N. Lebedev Physics Institute, USSR Academy of Sciences
Submitted 5 October 1966

ZhETF Pis'ma 5, No. 2, 67-70, 15 January 1967

It is well known that an integer quark charge corresponds to the following choice of

transformation properties of the electromagnetic current in accord with the SU(3) group:

. . i j
fer =i+ ;+—’32, (1)

v 3

which contains besides the octet components js and Jjg also the term with jo, which has the
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properties of a unitary singlet. The contribution from the term with 3o of (1) alters in
many cases the usual relations (derivable from unitary symmetry) between the amplitudes of
the electromagnetic processes, and it is not excluded that a thorough analysis of these pro-
cesses can reveal the character of the electric charge of the quarks.

One of the consequences of choosing the current in the form (1), pertaining to the
processes @ > e+ + e and g+ e+ + e , was metnioned by A. Salam &t the Dubna conference [1].
L. B. Okun' has noted [2] that (1) leads to violation of the usual connection between the
magnetic moments of the A particle and the neutron (pA = %pn). Y The character of the
electromagnetic charge of quarks was recently investigated in an interesting paper by Khanna
and Okubo [3] by means of the current algebra formalism. In this note, to reveal the pos-
sible effects of jo, we analyze by group methods a number of electromagnetic processes.

These include: radiative decays of vector mesons, photoproduction of pseudoscalar and vector
mesons from nucleons, and processes in colliding electron-positron beams proceeding via
production of w and © mesons.

It is found that the presence of the singlet component jO in (1) has no éffect what-
ever on the relations between meson photoproduction amplitudes. On the other hand, the rela-
tion between the amplitudes of the radiative decays of vector mesons turns out to be quite
sensitive to the presence of jo.

The widths of the vector-meson radiative decays can be expressed in the form
Pyapsy ="4¢ve(ky)ve. (2)
The table lists the relations between the magnetic moments Byp of the transitions, which
follow from the SU(3) and SU(6) groups when o1 is taken in the form (1). (Radiative decays
of mesons without account of j, were considered in (4] (sU(3) group) and in [5-T] (SU(6)
group and the quark model).) Here

w=w0,Cos6 +¢gSin 0 (3)
@ = -woSinO + ¢8Coso;

and y is the ratio of the reduced matrix elements corresponding to the singlet and octet
terms in (1).

In the case of the SU(3) group, relations arise only for the linear combinations of
the magnetic moments of the transitions o - no + v and @ no +yorw-=>n+7yand o> 1N+ 7.
In the SU(6) group we have I'(¢p — 2+ y) = 0, which yields separate relations between all
the magnetic moments of the transitions (see the third column of the table. In this column
Cos 6 = /2/3).

In this analysis, y remains undetermined. If only very heavy particles have the new
quantum number connected with the appearance of the jo term in (1), then y is expected to
be a small quantity. This, however, is not always the case. The radiative decays of vector
mesons were considered in [8] in a concrete model involving three different species of
quarks with integer charge. The results obtained there for two different choices of integer

quark charges correspond in our case to values y = 2 and y = -4, i.e., in this particular
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case the contribution of the singlet part of (1) to the vector-meson decays is quite ap-

preciable.
“;/P=FVP/“pn “‘_@_\Q

Process SU(@) SU(6) 03)
p+ -t vy 1 1 I
P’ s m® 4y 1 1 1
A Y V3L +y) V37 +y) 0,13
K* L K+yy 1 1 0, S8
K** 4 K® 4y (-2+yY @ +y) (<2 +y)/(1 +y) 0.58
w-7°+y [T Sin0+y&moCo-50= 3/(1 +y) 1.1
¢-'ﬂ°+y] =V3/(1 +y) 0 2.5
won+y 1ypSind +pg, Cosd = /vy 0,16
bom+y = (~l+y)/(1+y) VZ7A(-2 )/ (4] 0,96

In comparison with experiment it is essential to take into account the difference in
the energy release, given by the factor (ks)vp.
the fourth column of the table.

The ratio of the factors k? is given in

The radiative decays of the 7' meson, N' > p + y and ' - w + y, along with the decay
® > ' + 7, can also be useful in checking the form of 'jel; this was already pointed out
in {57.

Allowance for the term jo in jel leads to the following relation (T-invariance is as-

sumed) by’
Ilq,@:_l_f__(l-&l),
3
(%)
Vi, -
b = ____‘1311_1’. (1-2/2)

where z, as usual, is the ratio of the singlet and octet contributions to the amplitude.
The result of [8] corresponds to the choice z = -1 or z = 5.
Processes in colliding electron-positron beams, proceeding via the resonant states of

& and @, of the type
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a) et +e~sysrw -t + g+ n°

K+ + k™
b)e* +e‘_.y..¢/ (5)
\Kcl’ + K73

are essentially inversions of the decays
-+ - + -
w+e +e and o> e +e. (6)

The ratio of the yields of the processes 5a and 5b are closely related with the factor R,
which appears in the ratio of the widths I'Nw + e+ e ) and "o + e+ e ).
Taking into account the differences in the phase volumes

IMNwasetie) m,,
=R »where R =|
(¢ et e my 1 + xten6

tand - x

|2 (7

X has the same meaning as above. 1In the resonance regions the cross sections of the pro-
e 2 2 s s 2 2
cesses (5) is (l/Eres)(I‘il"f/I‘ ), which gives a factor (mcirw*e*"e‘r‘w-»jnr(p)/(mir\cp*e+e‘rcp*KkPm)'

. 2 T2 .
The numerical value of (mcppwjnrcp)/(mwpwmr‘m) is 0.48. The factor R must therefore be
multiplied additionally by 0.48. Tt is possible that the processes (5) will turn out to be

more convenient for a check on the transformation properties of the electromagnetic current
than the decays (6).
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1) It is actually easy to show that in this case = [(1-x)/(2- x) ]p.n, and in

addition Hyt + Hpo = poo = 2[(1 + x)/(-2 + x) ]un, where x is the ratic of the contributions
of the singlet and octet components in {1).
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