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The Stokes parameters of the photons produced in the 7-lepton decay, T — v+ 7w+,
have been found. The study of y-quanta polarization parameters in this decay allows us to
obtain the essential information about the vector and axial formfactors of YW= vertex
in a broad interval of the time like momentum transfer which are inaccessible in the radiative
pion decay. We have calculated the contribution in the Stokes photon parameters which
is caused by the anomalous magnetic moment of a heavy lepton.

PACS numbers: 13.10.4-g

1. The investigation of t-lepton hadronic decays (very numerous due to the large
t mass) allows one to tackle a great number of different problems of weak interaction
physics [1]. It i3 enough to mention the checking of the vector weak current conservation
hypothesis (strangeness being conserved) in t — v+n+1° and T - v+ n+a(p)
decays [2] and the locality of the t-lepton weak interaction with hadrons [3]. The study
of the hadronic decays may be interesting for the search of the second-type weak currents
[4-6]. The polarized t-lepton decays may help to better the v, mass estimate (which is
rather rough now). The t — v+4m+o decay is of a great importance for checking of the
different predictions of current algebra and especially for the A,-meson properties studies
[7-9].

This paper is a study of the radiative decay of a t-lepton, T — v+n+v. This decay
may be interesting first of all for the study of the weak YW *n-vertex (W *-virtual W-boson)
formfactors in the time-like momentum transfer region. This region turns out to be large
enough, m2 < t < m? = 3.16 GeV2. The same formfactors define also the radiative pion
decay, m — e+v+7, the momentum transfer interval being very small, ¢ << m2,

The t-lepton radiative decays may be used in principle for the estimate of the anomalous
magnetic moment of a t-lepton. Until this moment will have been measured, we may consid-
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er the t-lepton anomalous moment to be small, since the experimental data about the
et+e~ — T++ 1~ reaction at large energies [10] are in agreement with the QED predictions.

It will be shown further, that the study of the polarization properties of the y-quantum
produced in the t — v+ n+7v decay is extremely important for the reconstruction of the
weak formfactors of the yW*n-vertex.

2. The matrix element of the T — v+ 1+ y process, which corrésponds to.the diagrams
in Fig. 1, takes the form:
M= MO+ M,

An

: ke - 1
- (-—-e P+ o )(1 youlp), P = ot

‘/((0)
k-p,

1
MO = —fG 75 12 [ iral 4y Jeumoeikifls ¥ (O

+71475) (ek - a— ke - @a(t)]u(p);

where G -—the Fermi constant of weak interaction, f,,—lthe ‘cofistant - 6f © — p+v
decay, m, — t-lepton mass, e, — the y-quantum polarization’ 4-véctor’ (tH¢ definitions of
4-momentaa re given in Fig. I).

The structure radiation term .#* is characterized by the two electroweak form factors:
the vector V(t) and the axial vector a(t), t = (p;—p,)* = (k+q)2 Due 1o the isovector
part conservation hypothesis of the weak vector current the formfactor ¥(¢) must coincide
with the electromagnetic formfactor of the n%yy*-vertex which may be measured in the
e+e- — 7%+ v reaction for the time-like momentum transfer. But it xs only lV(t)!z that
may be found in this reaction, whereas in the time-like momentum region the formfactors
have to be complex: Im ¥(¢) # 0, t > 4m?, Ima(t) £ 0, t > 9m.

3. Let us consider now the polanzatlon characteristics of ZY-quantum, pxoduced in
the nonpolarxzed r-lepton decay. We write down the square of the matrlx elements as
|.,Il|2 = 1G*f2X €}, where the line means the summation over the polanzatlon of the

Fig. 1. The Feynman diagrams for the 7 - v+=+v decay
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t-lepton and neutrino. Using only the electromagnetic current conservation for the X,,-
-tensor structure we may write:

va: = guvAl + PvaAZ +(PuEv+PvEu)A3
+ isuvaﬂkaplﬁA4 + isuvaﬂkaqﬁAS:' Ep = uaﬁykaqﬂply:

where A; is the real structure functions depending on the two invariant variables, ¢ and
s = (Pz ,{_q).z.

The structuré functions 43;-A45s characterize the P-odd effects in the T~ v+n+y
decay with the production of the polarized y-quanta. The structure function A4, is T-odd
also, therefore A; # 0 is true only for the complex formfactors ¥(¢) and a(z), i.e. in the
region t > 4m,, Theérefore, in the CP-invariant theory 4, =0 for the n —» p+v+vy decay
where + <'m;.

It is convenient to characterize the polarization states of the produced y-quantum
by the Stokes parameters £; [11] for which the following formulas may be obtained in terms
of the structure functions 4;:

XE = ¢ Pe® . EAy,  2XEy = |V P24,

Xéz = syvzﬂe( ) (Z)kaplﬁA‘i'{"s;xvaﬂe(l) (2)1" qﬂASa (l)

2 o2

. mr mn qu :
X =—-A4,-% + -2 A,,
‘ “(k-pi k-gq’ 2k‘p1k-q) :

where e and e{?’ are the orthogonal 4-vectors, ‘"> - k = 0, and moreover the 3-vector
¢ is on the decay plane, and the 3-vector ¢ is orthogonal to this plane. It is seen from
(1) that the P- and T invariance violation in the T — v+ +7 decay is defined by the Stokes
parameter ¢,. This fact has first been mentioned [12] for the = —» p+v+y decay.

" If it is only a y-quantum that is detected in the T — v+ n+7y decay, the corresponding
tensor x,, is defined by the two structures only:

Xuv = xuv = guval(s)+ia;waﬁkuplﬂaZ(s)’

y 2 2 . g
mt mx Pl'q
afs) =}l 4,+1 + -2 A, ldt,
i) H‘ *‘(k'pf k-g? k'plk-q) 2]

k-g '
az(b) = J‘(A4'*‘ k ; pl As) dt.

It is seen that the P-odd structure function 4; does not contribute to the integral character-
istics; as a result either the nonpolarized or circularly polarized y-quanta may be produced
in the T — v+ n+ vy decay. Al these statements are true for a general case irrespective of the
model uged for the.formfactors V(z) and a(z).
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Now we may write the following expressions for the invariant structure functions
in terms of the electroweak formfactors:

A(x,, X,) = —Smf[l +(l—x,—4)Re (a+ V)] 1__""_—:{1

xY
+miVI2[4(1—x,— 4)* —4x,x (1 - x,~ A) —x (L —x,~ 4)* +4x24]
—m?ial’x(1—x,—4)+2 Re aV*(1—x,— 4) [x,(1 —x,— 4) — x,(1 - X, + 4)],
Ay(xy, x,) = 8mi(1—A)+4mix(1—x,— 4) Re a+mEx2(1—x,— A)*(jal> - |V|?),
As(x,, %) = —8m? Im V +4x (1 ~x,—4) Im aV*,

16 {—1+4 24 X 24
A ,X,) = — — —8m?Re V{—= - — ] —8in?
alxys X0) X, ( Py [x ) m: Re (xy — ) 8m; Re a

1—x,+4
x (1” - ) —2m¢la)’[(1-x,)* ~ 4%]
X,

Y

. x 24
+4 Re aV*xY(quY—A)(x_ S
x, l—x,—4
Ay %) = — = = — %) 18mZRe v [ = Tx
S\x, 1—-x,—4 x, 1-x,—4

x—1—4
+8m3Rea(1+ L
X,

k4

) +2m} Vit [x (1 —x,— 4) = x (1~ x,— 4)]

—2milal®x, (1 —x,— 4)—4m} Re aV*[x2 +x7 +x.x, — (x,+x.) (1+4)],

where x, = 2E /m,, x, = 2E /m,, x, = 2E,Jm,, x,+x,+x, = 2, E,, E, and E, are energies
of a y-quantum, pion and neutrino, respectively.

4. Now let us analyse the dependence of the decay probability of T — v+n+y
from the t-polarization. For the matrix element square, after the summation over the
polarization of a neutrino and y-quantum we may write:

| #)* =L G2X, X = Xo+X(s),
X(s) = ie upySKaqpP14S1+5  kSy+5° 483,

where X, is a spin-independent part of [.#]2. The real invariant structure functions S; are
the second power polynomials in the weak formfactors ¥(¢) and a(¢). The structure function
S, describes P-even and T-odd contributions to the spin-dependent part of the probability
of the T - v+n+vy decay. The value Im aV* does not occur in the polarized t decay.
The function S, (s, #) characterizes the dependence of the decay probability on the transverse
(to the decay plane) t-lepton polarization, while the structure functions S,(s, £) and S,(s, £)
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characterize the same dependence on the longitudinal components of the polarization
vector 5. If only a y-quantum is detected in the © — v+n+7y decay, the contribution
from S; disappears (after the v and 7 integration) though the dependence on the longitudi-
nal polarization remains after the integration.

The structure functions S; have the following form in terms of the produced particles
energies (4 = 0)

1 N\
Sy(x,, x,) = —16m, [Im V(l— ———) +Im a<1+ 3‘1)],
X, x,

m, (-—1+x,+2x, N 1-—x,-4x,,)

x, 1—x,

Sy(x,ys %) = 16

1

+4mf(iV!2+ la®) (1 —x,‘—x‘,x},)%-&n,3 Re(V—a)(2—x,) (— 1+ xl) ,

Y

/2 143x,
S3(xy, x,) = 16— ( *

) —4m(\V1* +a®) (1—-x,) (1-x,)

. \Xy 1-x,

+8m? Re V (l—x,—— ! x,) +8m}Rea (—1+x,-2 1—x,) .
x, x,

The pion energy distribution is a result of the y-quantum energy integration in the
limits of m,—E,—p, <2E, < m,—E,+p, ie. for the relativistic pion 1-x,<x, <L
But one cannot make this integration in a general case, since the formfactors V(¢) and
a(t) depend on the energy E,. In order to obtain the y-quantum energy distribution it is
convenient to make use of the invariant integration technics in the v and n c.m.s.:

d’q d’p, 1

(2n)2E, (2n)°2E, 8=

*

—— E
jdcos o) =

@ny f | #178(p; — p2—k—q) =

dt m? m?
d cos 8* = 1— —=1, Lt < miemi-s,
m.E, s s
* s—-m,f 2 2
E; = s=W"=m-2mE,.

25

The following integral appears in the analysis of the polarized t-lepton decay:

djq d3P2
20)* | s- qX(s, t : 8(p,—k—q—
(2n) Is qX(s, t) (202, (2n)%2E. (py q—p2)

= 5,(Z (k,+F()P1o] = 5+ kX 1(5),

Zy(s) = sl_njx(sa £) [—m?+5) = s(mz —s)+ 2m7m(] (mfd-ts)a '

One must know the weak formfactors ¥(¢) and a(t) for evaluating the integral { ... dr.
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4. As it has been mentioned before, the radiative decay.of the t-lepton, 1 —» v+n+y
may. be used in principle for the calculation: of an anomalous magnetic moment x of the
t-lepton.. The pole part of the matrix element depends on the value k. in the following way:

: G . . . k\é ﬁz'l"n.‘ kAé .
MO = m.f, —Hi(p)(1—7s)| —e- p+ <t u(py).
mefy 7 (p2) (1—7s) Pt ok T ks (rd)

After the summation over the lepton polarization we obtain the following formulas
for the linear k contribution to the structure function A,(s, f) which define the y-quantum
polarization states in the t — v+n+7y decay
,1=x,+4

1 .
> Ay(x,, x,) = 2m —myg Re V[ —2+x,+3x,+x7 —x7 — A(x,+x,)]
K

v

1—x,~4
—Re am‘,‘(2-—x,,+x\,x7+2A) —_—
x'Y

1
— Ay(x,, x,) = —mPx (1—x,— ) Re (V +a),
K

1

7 As(x,, Xg) = m}(1—x,—4) Im (V +a),
K

1 2 Xe—2
— Au(x,, x) = m;y Rea(l -x,— )| 1+
4K X,.

2 e 1—x,—~4
+m; Re V{24~-x, —— ),
x'l
1

a As(x,, x,) = 2m?x, Re a—2m?x, Re V.
K

Let us write the expression for X,, due to w?:
;
X}.i) = “252{?1 ‘P2 (guv+ P apvaﬁkapiﬁ) .
k-p;

5. For the numerical estimates of various measured characteristics in the t — v+n+7y
process we shall use the formfactors which are true for the vector-dominance model.
Thus, approximating the vector formfactor by the g-meson contribution only, and the
axial-vector formfactor by the 4,-meson contribution, we may write:

miV(t) = 811, mla(t) = all,,

-1 ! . r(t . 2 t-4mi
;" =1~ — —i— 0(t—4my) T
e

m, o
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t—

. t r 9m?

O = 1— — —i =2 6(t—9m?) =,

3 3 3
an mA m!\

where ¢ and a are the formfactor values at t = 0, I'y, m,, (I'y, m,) — the width and the
mass of ¢(4,)-meson. The value 0(f—4m?)\/t—4m? guarantees both Im. V(7) # 0 in the
region of ¢>> 4m? and the correct threshold behavior of the effective width of o-meson.
The ratio y = afV is defined on the basis of the radiative pion decay data [13]: y = 0.44
+0.12 or y = —2.3640.12. Using the hypothesis of the isovector hadron weak current
conservation (without the change of strangeness) [14] we may connect the constant y to
that of the radiative decay of neutral pions [15]. Assuming that 7(n°) = (0.83+0.06) 10-'° g
[16], we obtain:

oSal 9]
S 6,026140.0009.

k4

Since the sign # remains indefinite, two possible ways have to be used for estimating
the vector formfactor: m¥(t) = +4.511, (f, = 130 MeV). These ways may be distin-
guished by studying the t - v+ n+y decay in such kinematical conditions when the
interference of a vector formfactor with the bremsstrahlung amplitude is essential,

Thus, the existing experimental data about the m — u+v+y and n° - 2y decay
(together with the hypothesis of the vector-current conservation and vector dominance)
result in the four variants of the electroweak formfactors in the analysis of the t-lepton
radiative decay:

miV(t) = +4.51, mia(t) = 2(—10.6)11,.

As it is seen from Fig. 2 the effective mass spectrum of the (yr)-system is sensitive
to the value v in the region of large (yn) masses, at x, << 0.7, where the difference of inten-

3
Ll P

0! ! 1 T L L 1 1 ) x

0 02 04 06 08 107

Fig. 2. The spectra of the effective masses (ty) in the v - v+ 7+ v decay, which are calculated for the different
variants of the formfactors: (1) #, = 4.5, a = 2.0; (2) 9, = 4.5, a = 10.6; (3) #;, = —4.5, a= 2.0;
“4) ¥ = —4.5, a= —-10.6
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sities is of two orders. The origin of this difference lies in the fact that the 4 ,-meson contribu-
tion prevails exactly in this kinematical region at y = —2.36. The peak in the x -distribu-
tion corresponding to the g-meson production is observed for various formfactor para-
metrizations. It is also obvious that the g-meson peak is found near the region of the inten-
sive bremsstrahlung. Therefore in this region there must be a sensitivity to the sign of the
formfactor V(t) (due to the interference of the bremsstrahlung amplitude and the g-produc-
tion amplitude). The interference of the bremsstrahlung amplitude and the structure

wix)10® wix)10% wix)n*
400 (a) 400 (b) | 400 7

300

200

100

0 Oba o v 0 1 Y Ol
0102 Q4 06 08 10x O1 03 05 07 09x 01 Q3 05 Q7 09«x

Fig. 3. The photon energy spectrum in the v — v+4n-+y decay, I'nw(x) = dw/dx, x = x, for the different
formfactors of the YWn-vertex. The curves 1-4 correspond to the p and A,-meson contributions with
the following residues: (1) #=4.5, a=20; Q) ¥%=45, a= —-106; 3) &= —4.5, a= -20;
4)# = —4.5, a = 10.6. (b) The curves 5-8 correspond to the p, p’ and A,-meson contributions with the
residues: (5) ¢, =59, #,=—14, a=20; 6) ¥, =59, #,=—-14, a= ~10.6; () B, = 59,
$, =14, a=2.0; (8) %, = =59, &, = 1.4, a = 10.6. (c) The curves 9-12 correspond to the g, p’ and
A;-meson contributions with the following residues: (9) #; = 5.9, %; = —10.4,a = —2.0; (10) ¢, = 5.9,
#, = —-104, a= 10.6; (11) #, = —-59, &, = 104, a = 2.0; (12) %, = —5.9, %, = 104, a= —10.6

radiation amplitude is rather notable for y = 0.44 and it is observable in the region of
x, < 0.5, where the decay probability for the (1) formfactor variant is twice the decay prob-
ability for the (3) formfactor variant. The relative difference between the decay probabil-
ities of the variants (2) and (4) (y = —2.36) is less essential (though its absolute difference
is distinct).

The energy distribution of the photons produced in the © —» v+ n+y decay is also
sensitive to the value y: at v = 0.44 the monotonically decreasing spectra appear with the
increase of «, while at y = —2.36 the photon spectra have the minimum at x = 0.5 and
the broad maximum in the region of x = 0.6-0.9. In the maximum and minimum regions
the photon spectra are sensitive to the sign of the vector (or axial) formfactor (Fig. 3a).

The square of the momentum transfer ¢ may change in broad limits for the radiative
decay and therefore the x and x,-spectra must be sensitive to a possible g’-contribution
[17). Taking into account @ and o’ mesons the vector formfactor ¥(¢) is to be described
by the expression: m?¥(t) = 9 M +8,11,, 8, +3, = 4. Let us made use of the vector
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dominance model in order to estimate the values #, and #,. Then, it may be written for 9, :

feny) m,
slmnf;t = 27 ; ’
Q e

where f{ony) and y, are the constants of the @ = n+y and @ — e*+e~ decays. Using
[ — ny) = 63+7keV and I'(Q - e*e”) = 6.8+0.79 keV, we obtain |{f(ony)! = 0.96
1+0.05, y, = 2.53%0.15. As a result we find m,f,9, = 0.034 that does not coincide with
the value 9, which has been found from the n°® decay (using the hypothesis of the vector
hadron weak current conservation). Knowing the values ¢ and &, we may estimate the

!2 (a)
08

06 -
04
0.2+

fe] + et 1 1 1 1 L]

R 3 3 0]
02}

0.4

Fig. 4. The energy dependence of the circular polarization of photons (a). The curves 1-4 correspond

to the o and A;-meson contributions with the following residues: (1) # = 4.5, a = 2.0; (2) ¢ = 4.5,

a= —10.6; 3) ¥ = —4.5 a= —2.0; () ¥ = —4.5, a = 10.6. (b) The curves 5-8 cormrespond to the

o, ¢’ and A,-meson contributions with the following residues: (5) &, = 5.9, #, = —104, a = —2.0;

©) 8 =59, 0, = —104, a=106; (7) ¥, = =59, ¥, = 104, a=2.0; (8) &, = —5.9, 4, = 104,
a = 10.6
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value ¢,. And again taking into account the & sign uncertainty the following expressions
may be found for the vector formfactor:

m2V(t) = £(5.9,—1.411,), m2V(t) = +(5.911,—10.411,).

The formfactor V() would be more definite if we knew the width-of the radiative decays
@ — n+y and @' — et+e-. Our model gives the following products of the widths:

I~ e'e)[(Q > ny) = 4.6 10-* MeV>  or  2.6- 10~ MeV2,

As it is seen from Fig. 3a, b the introduction of ¢’ with a small constant (&, = 1.4}
does not change essentially the photon spectrum, but the variant with a large constant
(¥, = +10.4) makes the probability of the high energy photon production rather great.

The Stokes parameters of the produced photons are also sensitive to the choice of the

formfactor variants (Fig. 4).
Thus, the radiative decay t — v+m+7v may serve as an effective method not only
for the measurement of the electroweak pion formfactors but also for a study of o’-meson

characteristics.
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