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THE t - vor DECAY AND A, MESON CHARACTERISTICS
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(Received June 7, 1979)

The 7 — vpr decay parameters are evaluated using the PCAC hypothesis and current
algebraic methods. The angular and energy distributions are obtained. The polarization
effects are discussed in detail. We showed that the D-wave contribution (in A; — pr decay)
is suppressed.

1. Introduction

The existence of a new heavy lepton with a mass of 1.8 GeV [1] is now unambiguously
proved. The observed cross section of the T production in the ete~-annihilation, energy and
angular distributions of the ep-events (e.g. the collinear angle distribution [2}) do not
contradict the hypothesis that the 7 lepton is pointlike with a spin of 1/2 [3].

A new type of neutrino with a mass of m, << 0.25 GeV [4] appears obligatory in ali
decays of the 7 lepton. Both the '+ 4 and ¥V — 4 couplings are acceptable, the latter being
favoured [3].

In this note we investigate the T — von decay which has already been observed [5, 6]
with B = (54+1.5)% (according to the other data [4] B = (10.4+2.4)9%). This decay is
determined by an axial part of a weak hadron current, hence the decay parameters may
be evaluated using the PCAC hypothesis and current algebraic methods.

Owing to a comparatively large T lepton mass one can investigate the behaviour of the
axial mo form factors in a wide range of squared momentum transfer (from (m,+m,)?
to (m,—m,)*). The large T lepton mass requires a consideration of all the three form factors.

Apart from the standard weak current which is transformed like ¢ and A, (or n)
mesons one can imagine currents which have “wrong” G parity properties. The former
are “first class” currents and the latter “second class”. We evaluate the contribution of
the second class current to different distributions of final particles.
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We also discuss in detail the polarization effects in the decay of the polarized  lepton
and evaluate the vector meson density matrix.

‘We emphasize that all the characteristics of the decay are very sensitive to the s-depen-
dence of the form factors.

The investigation of the 1 — vgn decay offers the unique chance to study the A; me-
son. The recent experimental data are not selfconsistent. The A; meson is usually generated
in hadron-hadron interactions where the final state interaction, which distorts the spectrum
of ¢ and © mesons, is essential. We have a pure gn system in T — von decay which has (it
is very important) A, quantum numbers (jP = 1),

2. The matrix element

The matrix element of the Tt — vor decay is given by

G
M = .ﬁ ﬁ(pz)y”(l +iy5)u(l’1)-]w

Iy = L0k, +12(04,]q - U*+f5(DU} + ifa(DeueUs koo (2.1}

where G is the Fermi coupling, A is the g,/gy ratio, U — the polarization vector of the
o-meson, t = (k+¢)* — the momentum transfer squared, fi, f3, fs are the form factors
which correspond to the standard weak current, £, is the second class current form factor.

\

K
Fig. 1. The ~ lepton rest frame

The form factors f; (i = 1—4) are complex in the region of the timelike momentum
transfer. Neglecting the second class current contribution one can obtain for the [M]?,
after summing over the g meson and v_ polarizations (in the lepton rest frame, see Fig. 1)
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the following formula
M2 = G*[(1+4%) (Mo—S,M )+ my(1—12) (My+5,M)=2X(S - kM3+5 - qM,)],
My = &2k - pik - Pz"mg'l’x “p)+D,(29 - pyq - p,~mip, - py)
+@3(k - piq - pa+k:paqg: pi—p1 P2k @+2p, * palfal?;
M, = 24,4, Tm (qu;* . %‘fzf:);
M, = ¢1m§+¢2m,f+cb3k g —4fsl%
M; = @,(mJ+2k - py)+®ymy+B3q - (k+py)—21f3*;

M, = @1m§+d§2(mf+2q Cp)+ D3k (g +py) =213l

2 1 * 2
@, = LIfi|"+ E k- qRef fy +1f517);

e

&, = L}f2i2-2 Ref2f3*§

* * f2f‘; s
@5 =2Rel|Lf f; —fif3 +‘I'k-n72— ;
Q
k- q)*
L=(—-3)— —m;
m

Q

we set m. = 1 and S is the t-lepton spin orientation vector.
The second class current contribution (we neglect the term proportional to |f,|?) is

IMPP = G* Re (f3£) [20a * pok " p1—a " pik p)+(1+47)
x(k-pS-q—q-p,S-k)+m(1~4%) (g~ p;S k=S qk- p))].
It is seen that M, = O when the relative phase of the form factors f; (i = 1,2, 3)
is zero.
It follows from Eq. (2.2) that there are the terms proportional to (1 —4?) when m, # 0.
This is a typical feature of the (V+44) coupling.

The Dalitz plot (the hadron energy distribution) is given in the Appendix (m, = 0,
m_=1).

3. Energy and angular distributions
It is not difficult to obtain dw/de where ¢ = ¢_+¢, is the sum of = and ¢ meson ener-
gies, since the knowledge of the form factors fi(7) is unnecessary:
dw  G*AY*(t, mZ, m2)
dedQ 768n*t

[(L—8) = m2]"? {2(30—-31) [+ 4%) (6= 1)+ 2m,(1 - 2]
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+ {—(431 —Bo) [ +2%) (1 —=mZ —e—em2)+ m, (1~ A%) (m2 +2e—1)]
+248 - n[(1—g)* —m?2]'/? [Z(BO—B1)+ %(4131 —By) (l—mf)]},

1
By = — A(t, mE, md) | m2| fo12 + m2 fo)* + Re (fof5) (t—mZ —m?)
4mQ

+2Refyff— 12m§|f112]

A(t, m%, m?)

B, A(t, m2, m2) | fo(t+m2 —m2)+f3(t+m2 —m2)+2f, 2,

= z
16m0\t
AX, y,2) = (x—y—2)*—4yz, t=mi42—1, ¢= £+ 8,

where n is the unit vector along the sum of & and ¢ meson momenta. We neglect here the
second class current contribution.

The hadron energy distribution may be easily obtained in the rest frame of the other
hadron and neutrino. Thus, the o meson energy and angular distribution is given by (we

set here m, = 0, m_ = 1):

+1
2

dw Gzlk'gl 14 nmg d cos 0% f(l'l—)z)M

= os }

de,dQ, 2''n* 2e,—ml—1 1 0
-1

M,

Ik |2J +84 Re (fsf:) (9" P2k pi—q - pik- py)

+248 - EQ [M3+(q “P18&,—q ' k)
3.7 q°Pi1&—q k

+4(1+12)Re(f3f:)5"ke(q'pz—k'pz ———Lii;lz‘-)},

Q

2
t = 14+(eg— 14|k, cos 0% [ 14 — %
¢ ¢ 2£Q—m§—1 ’

k-py =g, 2q-p, =1-2¢+t 2k-q=t—mi-ml,

where iép is the meson momentum, 0* is the = meson angle in the zv_ rest frame.
The asymmetry of the @ meson angular distribution is
dw(f = 0)—dw(0 = n)
T dw(0 = 0)+dw(d = )"

The analogous expressions for the = meson can be obtained in the same way.
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The cos 0., distribution may be written as

g max

dw G f p 1Kol (1+m2—2¢)

———— 2 £, -
dcosb,, 2’7’ (L —gy+kg| cos 6,,)

mg

+8AiRe (f3/8) (g p2k - py—a- pik - py)],

[(1+2)M,

where &, max = (1 +m2), m, =0, m_= 1.

4. The form factors

We have determined the T — von form factors using the axial meson dominance
(Fig. 2). The A, resonance description is favoured in this decay. Moreover the nonreso-
nance background must be small because w(t — vA,)/w(t — vor) = 1 [4]. In the consider-
ed approximation we obtain (ignoring the n meson pole contribution to f; and f,)

2
ga
fi= o [gl‘*'% 82y

C omu(t—m?)

_ _ 828 = _ 18T
S = mA(t-mi)’ ik (t—m3)’ (4.1

QK]

Fig. 2. The A,-dominance model

where g, and g, are the A; — grn couplings. m2 would be replaced by m3+im,I", because
A, pole (t = m3) lies in the physical region.

The experimental data for g, and g, couplings are not complete. That is why we
evaluate the contributions to the energy distributions and the asymmetries which are
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proportional to g3, g,g, and g3 separately. In Fig. 3 we plot the functions C; and A{” which
are defined by

dw _ 8182 g

— =107 glmiC + =22 Co+ —5 Cy ),

de, (g‘ AT 00 72T 00mE
g

- AD. 4.2)

Ay = gmAAL +818,40+ -
My

b,
D7
D,
... l L
%8 03 10, [GeVl’
1 A(i) H
Q
05| 05
A
oK oe 03 2 /19 ; '
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0
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Fig. 3. The functions C;, Dj, Ag’ and A,(,i)

The functions D; and A% are also plotted in Fig. 3. We take g4 = 1 and m, = 0 for the
numerical computations and ignore the second class current contribution.
In this approximation the total width is

2
w=10""3 (gim,i1.5+g1 g,0.145+ % 0.0151) , 4.3)
A
we have used the values m, = 1.1 GeV, I'y = 0.3 GeV [8l.

There are experimental data [9] showing that the g,/g, ratio cannot be large. Then we
conclude (Eq. (4.3)) that the g, contribution is suppressed. This result is in good agreement
with other investigations [10]. However, the asymmetries 4, and A4, strongly depend on the
g coupling (Fig. 3). One can use this fact to determine the g, coupling.

Now we have only m,,, distribution in the t — von decay [7]. This distribution may be
obtained from Eq. (3.1) if we use the expression m, = (2e— 1)1/2, We see that the curve I
(Fig. 4) corresponding to g? provides the best fit to the experimental data because the
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maxima of the experimental curve and curve [ coincide within the experimental error.
The curve 2 maximum (the term proportional to g,g,) and curve 3 maximum (the term
proportional to g3) lie to the right.

}

0.8 1 12 14 16 m,,, GeV

QT /

Fig. 4. The dw/dmy, distribution (arbitrary units)

It is seen that the best fit to the experiment may be obtained if we neglect the g, cou-
pling. Thus, we get from Eq. (4.3)

2
1

{H

g 1.4,

(we used B(t — vorm) = 10.49% [4]).
In the same approximation this value of coupling corresponds to

I'(4; - on) = 26 MeV.

We see that the: recent experimental T — vor data lead to the strikingly narrow A,
width, which is about 109 of the experimental value'.

5. The g° meson density matrix

The investigation of vector meson decay products permits one to get important infor-
mation about the t — vor decay.

It is known that the angular distribution of the decay products is determined by the
density matrix elements of the g®-meson (g° — n*(q)+n~(¢q")) [12}:

3 1
W(o, ¢) = Z}[Qoo cos? 0+% sin® 0(o;, +0-,-,)—sin 20 cos ® —=Re(¢10—0-10)

NG

1
—Re ¢, _, sin® 0 cos 2¢+sin 20 sin ¢ —= Im (0,0 + 0¥ 1) +5in? 0 sin 2¢ Im gl_l} ,

NE

! After completing this paper we learned about paper [11], which contained the same results. Using
the current algebraic methods, the authors of [11] also obtained an accepiaile B(t — vpr) with the A; width
being small.
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where 4, A’ are the helicities of the vector meson. The space parity is violated in the T — vor

decay that is why the density matrix elements satisfy only one condition: Q,; = 0.

The normalized expression (3 ¢;; = |M(r — vom)|?) is given in the Appendix (we set
A

m, = 0).
r4
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Fig. 5. The p%-meson rest frame

It is seen that P-odd effects are characterized by sin ¢ and sin 2¢ terms (Fig. 5) (@ is
the azimuthal angle).

The authors would like to thank Drs. G. I. Gakh, Y. V. Kulish and A. P. Rekalo for
many helpful discussions.

APPENDIX
A. The Dalitz plot

dw  G(1+4Y)
de,de,  64n*m?

Q

{[1 +2(m2 +m2)+(m2 —m2)* —4(1 +mZ +m?) (e, +¢,)

+4(e,+80)"] [1f11*(mg(e.— D+ (1 +mz —2e)e,)
+ /ol (mi(eg— 1)+ (1+mi —2e)e) +Re (fLf5)
x (1+m2+m2—2e,(1+md)—2e(1+m2)+4e.e,)]

+4 31 [mi(1 —e) + (1 +m2 —2m} —2e,)e,]

—4m? Re (f1f3) [ee(l —m2)+e(1+ml—m?—2e,)

&, -
+ m—°2 A+m2—-2¢) (1+m,f—28,,—289)] —4m? Re (fof3) [1+% m?

4
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i
—mZ—g(14+mZ—ml—2e,)+e(m?—2)+ Zy (1+mi—2e,—2¢)
Qe
X (L+m}—2¢,—2e(1+ m,f)+48,,89):'
T Re (f5f4) (2e,+ 26, — 1)(28,—2e°+m§-—m3)}.
(1+ )
B. The g-meson density matrix
Omn = Q:nn m, = 1, m, = 0.
0+0 = Q%o+ 0%, Qo- = 00-+05-, 0i: = 0ts+0%a1,
00- = 030, Qo- = —0%o 0L_ = 0%, 01- = —0%,-

a= l_mgpln b= P1— My, € = PuPaz+P2aPl1zs d= q:P2¢—491P2:~

1
g = S- P24:—q - pZZSz"'q : sz:, h o= q_(Sx+iSy)’

= |fiIP[A+4%) 2k - psk * py—py * pamE)+24(S pymg —28 - kk - p2)]
1612 I+4*) (29 - p1q * p—mips - p2)+2A(S * pymi—29 - p,S - )]
+4Re (fif)[(1+4%) (g pik - pa+q - P2k - pi—q kp, - p)+2US - pk- q
—q°pS k=S qk- py)];
1 000 = @ZR+2Re (f2f3)q.[(1+7%) (pr.— mic) +24g]
+2 Re (f1f3)meq.[(14+2%)c — 24(p1,S, + S,p2.)]

+ 1312 [+ 24%) (P1eP2e+ P1:P2e) — 248 * p2+2S.P32.)]
2 * * b
+2(14+AIm,S,q.q. Im\ fifr p1.9.—f1fs —fofs I >
°

&%+ = GZR+2ULP[A+A7)p; - p2+24(p2.S:— p2S)]
+2m, Re (f1 3)4:[24(4S: = p2:S:) — (1 + 4%)g,py.]
=2 Re (fof):L(1 +2%)q,a+24(q - pS,+q.S;my)]
£ 2L+ I)q S, df [ 1 med2 D mopa fuf);
= |31’ [(1+2%) (P2:S.— P2.5:) + 24P 1P 2. — P1.P2)}
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+2 Re (flfB*)qux[ZX'qxplz _(1 +A'2) (qxsz +p2sz)]

+2qx Re (f3f:;k) [(1 +A'2) (Sxd_qxszb+qxp1zSt)—21quxplz]

—42q,S, Im (fy f3mpa+£2f39 * Pa2);
1 )
e 01— = R+4Af31°h+2(1+4%) Im (f, £)myq.S,p1.

+2i Im (fy f)m (1 +4%) (p2.h +5,)—22py.] - 2i Im (f,f3)
x [(1+4%) (dh+ p,S,—S.b)—24myp,,]+2 Re (f1 f3)m,

X [21. (S,— S—x- pZt) —(1+12)P1¢} —2Re (fof3) [(1+/12)a

X

Se
+24 (— q° D2 +meS,>];

dx

1
NS 0l = 4R+ |31’ [2A(S; = po:h) — (1 +2%)py ]+ m, Re (f,f5)
X {(1 + "1"2) (C - qult) - 2'1[p2t(Sz + qzh) + St(p22 - qz)]}
+Re (f23) {(P2:— 20— m©) (1 +47) +24[g —a.(m S, +q * p.1)]}
+2(1+2%) Im (f, f3)moq,8,q:p1.+ 1 Im (f1 f3)mg. [(1 +4i%)

(S +hps.+ q— Syq > 211&] —ilm (f2f3 )qz[(1+12)

z

ib
(hd+p1,S —bS,— ——qx> 2/1me1,:|,
q

z

0% = | f312[24ps,— (L +2%) (S, +hpo)]+Re (f1 f3)mqg,

1
V24

) » iS,
X zj'piz'_(l_")' ) p22h+Sz'— -

z

qx>:| +Re (f3f;)qz

1
x [(1 +12%) (dh+ P1,S;—bS,+ibg,S, —> —2,1me1,]
4z

+Im (f; fHML (1 + APy (P1e+ Par) +24(P2(g.h — S.)—5:p1.)]

+iIm (fof¥) [(1+}~2)P1zq “(p1+p2)+24(q * paq.h—S)—S  qpi)]
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