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Abstract

The reaction Qf__>1zﬂ’L% is discussed, and indicative estimates
are given, in the framework of current algebra-like models of second

class currents.

Riassunto

Si discute la reazione T - W), , c si danno stime indi
cative, sulla base di modelli delle correnti di seconda classe di

tipo algebra delle correnti,



Abnormal (or second class) vector and axial vector currents
by definition have opposite (G -parity to the standard, first
class (\C,A) currents(l). Would they show up in scme weak
process, the theoretical description of weak interactions would
become considerably more involved than the ususal one, since second
class currents do not fit in a natural way into renormalizable
schemes with fermicn fields(z). Up to now there seems to be no
evidence for such currents ir nuclear ﬂ,—decay and .}AmCapture,
Second class nucleon matrix elements, however, are proportional to
the momentum <+“ransfer, sc¢ that low energy nuclear processes, where
momentum *“ransfers are quite small, should not be expected to be
very sensitive to second class currents effects. It has been pointed
out recently that the heavy lepton decay z-*ﬂOﬁqé—?(4T)l%ﬂ might
represent a clean test for abnormal axial vector currents ~'. In
this note we would like to recall, as well aé to present scme
qualitative estimates, that the reaction T-—> ”2”1‘]"1%—» (q:n‘) Uz
should be, in turn, a unique signature for abnormal vector currents,
the conventional, electromagnetic branching ratio (via ﬂ]ﬁ? mixing)
being expectedly as small as 10-4-Thusthe (477)ghannelin¢(decays '
seems to be a really interesting one for weak interaction phenomenologyg4'

Assuming the standard \/—*A lepteon coupling (with rmy =Q),
z
the amplitude for the decay ‘Z(ﬁﬁ.;qz@()ﬂY%)Lé@Q can be written as:

M= 22w B @Y%) u, @) <T@l 10> o)

with Y; the abnormal vector current and X its coupling strength,

relative tco the conventional, first class currents. Defining
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with t =(O\+M-> , the decay width takes on the form:
3
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where

a(t) = ('m,.ifrm:}) {l+(’c) +t 4 &) ' (4)

is the current d:l.ver'gence form factor and A(t ﬂ'ﬂnl ; rm:;) =
= (t-om -nm") T o

In order to try a numerical estimate of eq. (3), explicit
theoretical parametrizations of the form factors 4&_({)) and J(t]
are necessary. A possible procedure, to that purpose, is to assume
that abnormal currents obey equal-time commutation relations with
the standard (\//A) current algebra charges, and make use of soft-

pion techniques. In this way:
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where Qg is the axial charge and \(Efﬁ %.ﬂg /My is the

‘]T’.-v,/uv coupling constant. Inserting eqs. (2) and (3) eq. (5) one

then obtains:
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apart from corrections O NY\,T/AM”L . The RHS of eq. (6) obviously
depends on the theoretical model we adopt to describe currents, As
it is not possibkle to construci abnormal. currents from the usual

quark fields, one may resort to (J-like models. Alsc, although



in principle a SU(S)treatment, taking mixing angles into account,
would be appropriate, we limit ourselves, for an order of magnitude
evaluation, to the simpler scheme offered by the SU(2) X S0 (2)

G -model. Tr that framewerk different possikle realizations are
available from the existing literature, and we choose to diseuss
just two outstanding examples.

In the current algebra treatment proposed in Ref. (5), where
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with kéu hermitian, and with Tr,”l,ﬁdjgl respectively the pion,
p & s
eta, sigma and the 5(6)80) I:Of T :’1 meson fields, one has

2 x4, .
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and [QS’/V/“ b A/u leading to E O on the RHS of
eqs. (5) and (6), sc that

dv(”“:i) =0 (10)

Ir. addition, as a consequence of generalized sum rules, analcgous
to the Adler-Weisberger relation, which follow from the extended
algebra obeyed by second class currents, one expects ir the scheme

of Ref. (5):
|£.0) |~ 1 (11)

Simple, subtracted parametrizations of form factors are possible,
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which are consistent with eqs. (9), (10} and (11). For example:

d.(t) A 'W\;'(’c—nm;i) 45 %5”1"" (12)
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or, with M a typical hadronic mass (M & 445 GQ\/)
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or finally , to consider z case where thcr‘c is ‘t'-varlatlon of <£ (t)
(although vector mesons with -JP 4" I. 1. do not seem to

exist), we can take cl,C't) as it is givea in eq. (13), b

,,f (J:) &%Sm— (,1 mg (M% ﬂ”f{) L. (13")
(5 - m2 ) (A )
The coupling constdnt % T can be taken to be, from the 5 -width,

(%)

of the order of 2 GeV . The numerical results which are obtained

by inserting egs. (12)-(13") .into eq. (3) (with, as usual, the pole

(#) Actually eq. (12') would then result in a value of \%I much
smaller than unity. Nevertheless we still take the simple forms
eqs. (12), (12') into account, since it is anyway understood that
relations derived in the framework of Ref. (5) may be affected by
non negligible corrections.
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at t= M\s replaced by a Breit-Wigner form), are displayed, for
=4 > in Tab. 1, where T\('Z‘-) ﬁz'ﬂ'lé) is compared to 'r(t =7 yt)
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Since,- from e¢q. (14), the ’2.9?!'))2 branching ratio is expected to be
10 %4, the Z—)fzm)z branching ratio predicted in the scheme of Ref. (5)
range, according to Tab. 1; from §5 % to 12%, depending on the
parametrization.

Another simple SU(’)_)X SU(Q.) 0 -mcdel realization of second class
currents has been proposed in Ref. (6). According to that model one
may take

L, b A b 4 (0) ©) b
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with T~ the pion field, <G‘> the vacuum expectation value of the

"]
sigmz field and A/(v«) the isoscalar axial current. Standard
. ) o ——b] ()

SU@.))(SUCZ) commutation rules give [Q‘S/ \//M “(Saxl_-,A,M and one

obtains ir this case, from egs. (5), (6)

ct(ﬂh,,"'i) = rm,; _'_i_)_f_'t_ ; (16)
T

[
where we have defined <O\Aﬁ)]ﬂz(«)>:g«¥{fgy . The simplest
parametrization of the form factors d_(t) ; £+(f:) consistent with
eq. (16) is:

d(t) = ms 45 Ysun (17)
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with
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The value of the Z—wﬁ])a width which is obtained (for X =4 ),
by inserting egs. (17), (18) and (19, into eq. (3) (and using,
as an indication, '%F;4ﬂ')’ is reported in Tab. 1: the resulting

?“HPﬂzﬂ’LE branching ratio, is, accordingly, of the order
of 6 4.

Summarizing our results, we may say that according to

current algebra models of second class currents, if these couple to
weak irteractions in a '"universal'" way, the branching ratio for
2—§l?ﬂﬂé » where the vector current is involved, may be appreciable,
of the order of several percents. Thus, takirg into account the
discussion of Ref. (3) concerning the axial abnormal currents, the
(4TT) channel in ¢ decay really seems to be encouraging, in order

7)

to test whether such currents exist 7.



References

1. S. Weinberg: Phys. Rev. 11Z, 1375 (1958);
M.A. Bég and J . Bernstein: Phys. Rev. D5, 714 (1972);
A. Pais: Phys. Rev. D5, 1170 (1972).

2. P. Langacker: Phys. Rev. D14, 2340 (1976); D15, 2386 (1977).

3. F. Scheck and R. Tegen: Z. Physik C7, 111 (1981);
R. Tegen: Z. Physik C7, 121 (1981).

4. C., Leroy and J. Pestieau: Phys. Lett. 72B, 398 (1978).
The relevance of the T system to second class currents
has been first emphasized in
P. Singer: Phys. Rev. 129, B 483 (1965),
L.B. Okun and I.S. Tsukerman: Zh. Eksp. Teor. Fiz. 47, 349
(1964) (Ssov. Phys. JEPT 20, 232 (1965)).

5. H. Stremnitzer: Phys. Rev., D10, 1372 (1675);
see also L, Maiani: Phys. Lett. 26B, 538 (1968).

6. S.L. Adler, R.F. Dashen, J.B. Healy, I. Karliner, J. Lieberman,
Y.J. Ng and H.S. Tsao: Phys. Rev. D12, 3522 (1975); for the
Sl)(%) generalization see M,S. Chen, F.S. Henyey and G.L. Kane:
Nucl. Phys. Bi14, 147 (1976) and references there.

7. For a recent discussion of the GFK) semileptonic & -decay
via "nmormal'" currents, based on chiral lagrangians, see
R. Fisher, J. Wess and F. Wagner: SLAC-PUB-2608 (1980).



- 10 -

Tahle captions

T(2smmy,)

T(z>mY,)
adopted in the text.

Teb, 1: The ratio R = according to the parametrizations

Tab., 1

Bgs. (12),(12') | Ege.“(13%h(13')"] EBgs, (13);(13%) | Egs. €17),(18)

R 0.5 0.6 1.2 0.6




