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ABSTRACT

We study normal (to the collision plane) and transverse (within the collision
plane) single- polarization in 7 pairs produced in e*e” unpolarized collisions
at the Z-resonance. The transverse polarization component is sensitive to the
anomalous weak-magnetic moment, whereas the normal polarization compo-
nent is sensitive to a CP-violating weak-electric dipole moment. We show how
these components of the single 7 polarization are accessible from the angular
distribution of its decay products. We define a CP violating asymmetry of
the 7 decay products which, with 1072’s produced, provides a sensitivity of

2.3 x 107 '®¢ - cm for the weak-electric dipole moment.
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1 Introduction

The spin properties of the 7-lepton produced at high-energy colliders allow to obtain
important physical magnitudes. Polarization measurements are accessible for the 7 by
means of the energy and angular distributions of its decay products. At the Z-peak,
ete” collisions produce 77~ pairs, and each 7 has a longitudinal polarization [1, 2, 3|.
The angular distribution of the 7-polarization contains separate information on both the
average polarization, measuring parity violation in the Z — 7+ — 7~ vertex, and the Z-

polarization, measuring parity violation in the Z — et — e~ vertex. This allows a test of
neutral current universality and, within the Standard Model, a precise determination of
sin’ 6,,. No other component of the single 7-polarization is allowed in the Standard Model
in the limit of zero-mass fermions. Spin correlations of the 7-pair are, however, allowed in
the Standard Model, including a time reversal (T)-odd, parity (P)-odd observable [4, 5, 6]
induced by unitarity corrections plus the interference with the 7-exchange background.
The third family 7-lepton can provide a window to new physics beyond the Standard
Model. Up to now, some of the 7 intrinsic properties are still so loosely restricted that
deviations from the Standard Model predictions can not be excluded. In particular, the
weak dipole moments are fundamental magnitudes that can be constrained from 7 physics
at the Z-peak. The P-odd, CP-odd electric and weak-electric dipole moments would be
induced in the Standard Model from the Kobayashi-Maskawa mechanism in the hadronic
corrections only at very high orders in the loop expansion. So a CP violating signal
coming from an appreciable electric or weak-electric dipole moment will unambiguously
lead to new physics. In some extended models, dipole moments are enhanced for larger
masses, hence the 7 is a good candidate to loock for CP violation in the leptonic sector
[7). 7 pairs produced from ete™ collisions at the Z-peak allow a detailed scrutiny of
their properties, with their decay products in the detectors acting as analyzers. The spin
density matrix of the produced 7 pairs has genuine CP violating terms, both in the single
7-polarization and in the spin-spin correlation terms, that translates into the energy and

angular distribution of the decay products. A similar study can be performed to isolate a

weak-magnetic dipole moment term, looking for observables sensitive to this property in
the spin density matrix of the produced 7 pairs. In this paper we show that the normal
(to the collision plane) and transverse (within the collision plane) components of the
single T-polarization at the Z-peak contain all good requirements in order to search for
a weak-electric and a weak-magnetic dipole moment, respectively. Through the angular
distribution of the hadronic decay products acting as analyzers [8, 9, 10] of these spin
components, we build explicit asymmetries that measure the weak dipole moments at
q* = M3,

Genuine CP violating observables arising from correlations in 77" decay products
have been studied by the Heidelberg group (11, 12, 13]. The proposal to look for a non-
vanishing expectation value of a correlated triple product of momenta has been followed
by the OPAL and ALEPH Collaborations [14, 15] to obtain an upper limit for the weak-

electric dipole moment:

d2(Mz")| <3.7x 10" e - em (1)

The 7 weak-magnetic moment was also investigated in [16] by looking to forward and
backward transverse asymmetries.

We show here that the normal component of the single 7-polarization provides an
independent Eo?om to have access to the value of d’(M3%). The normal polarization is
a P-even, T-odd observable which, even if it is not a genuine CP violating quantity, en-
joys the following virtues: i) it gets a contribution from CP-conserving interactions only
through the combined effect of both an helicity-flip transition and the presence of absorp-
tive parts, which are both suppressed in the Standard Model. ii) with a CP-violating
interaction such as a weak-electric dipole moment, it gets a non-vanishing value without
the need of absorptive parts. iii) as the observable effect comes from the interference of
the CP-violating amplitude with the standard amplitude and the observable is P-even,
the sensitivity of the normal polarization to linear terms in RHQ—\NNJ is enhanced by the
leptonic axial neutral current Standard coupling and no need of the suppressed vector

coupling of the Z to taus appears. Although the normal polarization is not a genuine
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+ V1 +cos’b,- + —; (6)

mmzumq-
QV
collects the leading spin independent terms, whereas the second one takes into account
the linear terms in the spin:

do® o’ 1

dQ,-  128s%c T _

w' S

(5= + 30 )a Xy (5= = 84), Vo + (s +34):24] (")

with
v
Y81 Cw
29 [2V2(@2 — BY) + (V¥ + A)Bcos b, 5@
Y. = 24yfsin6,- [2V? +(V* + 4*)Bcosb,-| Y
VA [0 . s
Z, = ———[(VE+ A)B(1 + cos*8,-) +2(V* + f*A*) cos b, - ]

SwCror

+24 [4V* cos B,- + (V2 + A%)B(1 + cos” 6,- )] Fy’ (10)

X, = Asn F-ﬁ —[2V* +(V? + A)Bcost,-]

a is the fine structure constant, Iz is the Z-width,

M;
7= 2 8=

T 2m,

(11)

A

it
>
I
S
3
[
|
|

are the vector and axial vector Z — 7" — 77 couplings. The dots in Eq.(5) symbolize the
spin-spin correlations terms which are not considered in this paper. The reference frame
is chosen such that the outgoing 7~ momenta is along the Z axis and the incoming e~
momenta is in the X — Z plane. The s, and s_ are the 7% spin vectors in the 7 rest
system.

The result shown in Eq.(7) is very illuminating: it says that, with the ingredients we
have considered, the transverse (within the collision plane) and longitudinal polarizations,
proportional to X and Z respectively, do not see CP-violating terms, then only X and
Z, for 7+ and 7~ are allowed, whereas the normal (to the collision plane) polarization,

proportional to Y, only sees CP-violating terms and then only Y. appears.

6

Terms with (s. — 84),,,. factors carry all the information about the CP violating
pieces of the lagrangean. For unpolarized ete” — 717 scattering the normal polari-
zation (Py) of each 7 (along the Y axis) is the only component that is a time reversal
(T) odd observable. For CP conserving interactions, a non vanishing Py would need
both helicity-fiip and imaginary contributions to the amplitudes -coming from absorp-
tive parts- so their contributions to Py are doubly suppressed and one can expect them
to be negligible. At the order considered in our calculation, this is illustrated by the
fact that ¥, = 0 in Eq.(7). In the eflective lagrangean (2) the tensorial weak-electric
dipole term is chirality flipping and CP-0dd, so it does not need any extra absorptive (or
helicity flipping) suppressed part to contribute to Py. As expected, one sees in Eq.(9)
that the anomalous form factor F induces a (s — s, ), dependence in the cross section
at the Z-peak. Looking at observables sensitive to Py in the process for unpolarized
beams has the advantage that, being Py even under parity (P) symmetry, the observable
should also be proportional to an odd number of Standard axial couplings in addition to
F¥, ie. either A-V?-Fy or A*-F;'. In Eq.(9) we have both terms, and the leading one
(A*- Fy") is enhanced by a factor «I_ when compared to the leading terms in the spin-spin
correlation observables [13].

Transverse polarization (Pr) of 7 (along the X axis) is P-odd and T-even, and can
only arise from the interference of both helicity conserving and flipping amplitudes. Then
it has to be proportional to the product of an odd number of vector and axial couplings.
Furthermore no absorptive terms and effective T-odd couplings like Fy" are present li-
nearly. The first term of X, in Eq.(8) comes from helicity flipping suppressed (= )
amplitudes in the Standard Model and the second one comes from the y-enhanced chi-
rality flipping weak-magnetic tensorial F)’ vertex.

Finally, the longitudinal polarization (P;.) of each 7 (along the Z axis) is P-odd, so
again it carries an odd number of vector and axial couplings both in the Standard terms
and in the anomalous, proportional to Fy’, ones. As expected, there is no contribution
from F’, which is T-odd, in P; and the presence of Standard non suppressed contribu-

tions gives a small sensitivity to bound the non dominant weak-magnetic dipole moment
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In particular, for the = and p channels in tau-decay, oy, takes the following values

_m!—2mj o, = 0.97 h=m
&y =~~~ —

? ¥ 2m] a, =046 h=p (15)
The spin correlation terms give no contribution to these angular distributions Egs.(12)
and (13). Looking at the expressions (12) and (13) it is worth to remark that, in addition
to the azimuthal angle ¢, of the particle that one detects (let us say h™) from the 7 ()
decay products, we always need full reconstruction of the 7 direction. This opens the
hadronic decay of the other 7 (%) to those channels for which we are able to measure all
momenta and one track (i.e. 1-prong, 3-prong,...}. For numerical results we will consider
7t decays to w* v, and p* v, (i.e. by, hy = m, pin (12) and (13) respectively), while
summing up over 7¥ v, p¥ v, and af v, hadronic decays for the other 7¥ (this amounts
to about 52% of the total decay rate).

The transverse polarization of the T (see Eqs.(7) and (8)) is the most sensitive magni-
tude to the Fy form factor. The Standard Model background is suppressed by a factor W
and F}* is multiplied by 7, with respect to similar terms in the longitudinal polarization.
In order to get information about the anomalous weak-magnetic moment, from Egs.(12)

and (13), we define the following asymmetry of the tau-decay products:

() —o3()
A G Fer() 1o

with

\. N \.a\u J .\: P P \ma& do 17
A (cos 8,-) " d¥ + - (cos 6,-) o P d(cos ,-) dey+ (1)

and

1 ix ] x)2 do
F(-) = 6.-y[" d d(cos 8- dépz | —— 1
(=) \‘.. co8 v.\ Pur +\L (cos , v.\ua: Yus d(cos 0,-) dgy+ (18)

This asymmetry selects the cos 6, - cos ¢+ term of the cross section given in Eqs.(12) and
(13), which is the leading one in the anomalous weak-magunetic moment F}’ (it comes
with the couplings A"). After some algebra one finds

W Vi A v
Jwew VT BNy oyFy (19)

AT = Tay -
o Ao 4 A V3G

10

with opposite values for 7~ and 7'. Selecting the pion channel for the decay of the 7

(i.e. h =) we obtain:

AT = — AT =0.0007 + 10.6F,’ (20)
while for the p channel (i.e. b = p) in tau-decay omne gets:

A" = — A" = 0.0003 + 5.0F) (21)

From the measurement of this asymmetry it is then possible to bound the anomalous
weak-magnetic moment. Assuming 107Z events, summing up over the m, p and a, semi-
leptonic decay channels of the 7 for which the angular distribution is not observed, and

collecting events from the decay of both taus, one gets (within 1s.d.):

il

|Fy| = |a¥| < 5.2-107° for the m channel (22)
|Fy| = e} < 7.3-107" for the p channel

Notice the small value of the background coming from the tree level Standard Model in
the asymmetries (20) and (21), which is negligible with the sensitivity given by (22).
The normal polarization of 7’s is proportional to the CP violating effective coupling
F (Eq.(7)). The analysis of the taw-decay products allows to select the terms of the
cross sections (12) and (13) which carry the relevant information. From there, the leading

term with the anomalous weak-electric dipole moment Fy’ and the A” factor is extracted

by the asymmetry:

+ — (-

4 OEH) = Z0) )

o eE(+) +oi(-)

where
i * 0 27 do

o2 = [ dteos8.0) [ + [ dtcosso) [Tabn | gm0
1 2x 0 do

of(~) = ﬁ\: d(cos 8,-) g dp+ +.\;RAn0mmﬂ|V A Aoy cos 6,-) dgmn (258)

From the expressions of the cross sections given in Eqgs.(12) and (13) we finally obtain:

(26)

11
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