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Effective CP-violating operators of the tau lepton and some of their phenomenologies
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The dimension-sixCP-violating SUL(2)3UY(1) invariant operators involving the tau lepton are studied.
The constraints from the available experimental data on tau dipole moments are derived. Under the current
constraints, the inducedCP-violating effects could possibly be observed int→3pnt at the future tau-charm
factory. @S0556-2821~98!06017-2#
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I. INTRODUCTION

The tau lepton is possibly a special probe of new phys
in the leptonic sector due to the fact that it is the only lep
which is heavy enough to have hadronic decays and, as
ively expected, heavier fermions are more sensitive to
new physics related to mass generations. In searching fo
possible new physics associated with the tau lepton,CP vio-
lation is a particularly interesting probe. In the standa
model ~SM!, the existence of a phase in the Cabibb
Kobayashi-Maskawa~CKM! mixing matrix @1# allows CP
violation in the quark sector but not in the lepton sector. T
origin of CP violation remains a mystery more than thr
decades after its discovery. In models beyond the SM, a
tional CP violation can appear rather naturally and no
CKM-type CP violation is necessary in order to account f
the observed value of the baryon density to entropy ratio@2#.
Therefore, the detection of any non-CKM-typeCP viola-
tions, such asCP violating lepton interaction, will be an
unequivocal signal of new physics, and may help illumin
ing the origin ofCP violating and alleviating the difficulty in
baryogenesis.

Experimental studies to date forCP violation in tau pro-
cesses have been in production and not in decay proce
Since the bounds are relatively weak, there are plenty ro
for CP-violating new physics to be discovered in the t
sector. With the tau-charm factory, which will operate at
e1e2 center-of-mass energy of around 4 GeV and a lu
nosity of L51033 cm22 s21 with goodp/K separation, tau
properties will be measured to a very high precision. T
will allow the tests of the SM and provide some informati
about new physics.

CP violations in tau lepton decays have been investiga
in Refs. @3–7#. Generally, the possibleCP violating effects
are expected to be larger and easier for detection in sem
tonic tau decays than in production processes@8#. Analyses
of new physics models yieldingCP-violating effects in tau
decays have been given in Ref.@6#, where theCP-violating
effects of multi-Higgs-doublet models are found to be pos
bly observable at the tau-charm factory. More recently
systematical analysis for the potential of the tau-charm f
0556-2821/98/58~7!/073007~8!/$15.00 58 0730
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tory in probing theCP violation of the tau sector has bee
given in @9#.

In this article, we give a model-independent study for t
possibleCP-violating effects associated with tau lepton b
the use of the effective Lagrangian approach. The use of
effective Lagrangian approach in describing new physics
well motivated. The fact that no direct signal of new particl
has been observed from collider experiments and the imp
sive success of the SM requires that the new physics
serves the SM structure around the SM energy scale and
very delicately improves it@10#. So it is likely that the only
observable effects of new physics at energies not too
above the SM energy scale could be in the form of anom
lous interactions which slightly affect the couplings of th
SM particles. In this spirit, the residue effects of new phys
can be expressed as non-standard terms in an effective
grangian with a form such as

Le f f5L01
1

L2 (
i

CiOi1OS 1

L4D , ~1!

whereL0 is the SM Lagrangian,L is the new physics scale
and Oi are CP-conserving or CP-violating SUc(3)
3SUL(2)3UY(1) invariant dimension-six operators, an
Ci are constants which represent the coupling strength
Oi . The expansion in Eq.~1! was first discussed in Ref.@11#
and further investigated in@12,13,14,15#. In this article, we
focus on theCP-violating operators involving the tau lepton

In Sec. II we list the possible dimension-sixCP-violating
SUL(2)3UY(1) invariant operators involving the tau lepto
and give their expressions after electroweak gauge symm
breaking. In Sec. III we give the inducedCP-violating effec-
tive couplingsWnt, Ztt, andgtt and classify the opera
tors according to the interaction vertices. In Sec. IV we d
rive the bounds for the coupling strength from the availa
experimental data in tau dipole moments. In Sec. V
evaluate the possibility of observing theCP-violating effects
of these operators int→3pnt at a future tau-charm factory
And finally in Sec. VI we present the summary.
© 1998 The American Physical Society07-1
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II. CP-VIOLATING OPERATORS INVOLVING
THE TAU LEPTON

Here we assume that the new physics in the lepton se
resides in the interaction of third family to gauge bosons
Higgs boson. Therefore, the operators we are intereste
are those containing third-family leptons coupling to gau
or Higgs bosons.

To restrict ourselves to the lowest order, we consider o
tree diagrams and to the order of 1/L2. Therefore, only one
vertex in a given diagram can contain anomalous couplin
Under these conditions, operators which are related by
field equations are not independent. As discussed in
@14#, to which we refer for the detail, the fermion and th
Higgs boson equations of motion can be used but the e
tions of motion of the gauge bosons cannot when writ
down the operators in Eq.~1!. Also, we assume all the op
eratorsOi to be Hermitian. Because of our assumption th
the available energies are below the unitarity cuts of ne
physics particles, no imaginary part can be generated by
new physics effect. Therefore the coefficientsCi in Eq. ~1!
are real.

The expressions of theCP-violating operators involving
the third family leptons are parallel to their correspondi
ones involving the third family quarks given in Ref.@15#, but
the number of independent operators is much less due to
absence of right-handed neutrino and the strong interacti
We follow the standard notation:L denotes the third family
left-handed doublet leptons,F is the Higgs doublet,Wmn

andBmn are the SU~2! and U~1! gauge boson field tensors i
the appropriate matrix forms, andDm denotes the appropriat
covariant derivatives. For more details of the notation
refer to Ref.@14#. The possible operators are given by

OLW5 i @ L̄gmt IDnL2DnL̄gmt IL#Wmn
I , ~2!

OLB5 i @ L̄gmDnL2DnL̄gmL#Bmn , ~3!

OtB5 i @ t̄RgmDntR2Dnt R̄gmtR#Bmn , ~4!

OFL
~1!5@F†DmF1~DmF!†F#L̄gmL, ~5!

OFL
~3!5@F†t IDmF1~DmF!†t IF#L̄gmt IL,

~6!

OFt5@F†DmF1~DmF!†F#t̄RgmtR , ~7!

Ot15 i S F†F2
v2

2 D @ L̄tRF2F†t̄RL#, ~8!

ODt5 i @~ L̄DmtR!DmF2~DmF!†~Dmt R̄L !#,
~9!

OtWF5 i @~ L̄smnt ItR!F2F†~ t̄Rsmnt IL !#Wmn
I ,

~10!

OtBF5 i @~ L̄smntR!F2F†~ t̄RsmnL !#Bmn .
~11!
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The expressions of theseCP-violating operators after elec
troweak symmetry breaking in the unitary gauge are giv
by

OLW5
i

2
Wmn

3 @ n̄tg
mPL]nnt2]nn̄tg

mPLnt

2 t̄gmPL]nt1]nt̄gmPLt#

1
i

A2
@Wmn

1 ~ n̄tg
mPL]nt2]nn̄tg

mPLt!

1Wmn
2 ~ t̄gmPL]nnt2]nt̄gmPLnt!#

1g2L̄gm@Wm ,Wn#]nL2g2]nL̄gm@Wm ,Wn#L

1
1

2
g2~WW mn•WW n!L̄gmL2g1BnL̄gmWmnL, ~12!

OLB5 iBmnF L̄gm]nL2]nL̄gmL22i L̄gm

3S g2Wn2
1

2
g1BnDLG , ~13!

OtB5 i @ t̄Rgm]ntR2]nt̄RgmtR#Bmn22g1t̄RgmtRBmnBn,
~14!

OFL
~1!5~H1v!]mH@n̄tg

mPLnt1t̄gmPLt#, ~15!

OFL
~3!52OFL

~1!12~H1v !]mH t̄gmPLt

2
ig2

A2
~H1v !2~Wm

1n̄tg
mPLt2Wm

2t̄gmPLnt!,

~16!

OFt5~H1v !]mH t̄gmPRt, ~17!

Ot15
1

2A2
H~H1v !~H12v !t̄ ig5t, ~18!

ODt5 i
1

2A2
]mH@ t̄]mt2~]mt̄ !t1]m~ t̄g5t!1 i2g1Bmt̄t#

1
1

2A2

mZ

v
~H1v !Zm@]m~ t̄t!1 t̄g5]mt

2~]mt̄ !g5t12g1Bm~ t̄ ig5t!#1
g2

2
~H1v !

3@Wm
1~ n̄tPR]mt1 ig1Bmn̄tPRt!

1Wm
2~]mt̄PLnt2 ig1Bmt̄PLnt!#, ~19!
7-2
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OtWF5 i
1

2
~H1v !FWmn

1 ~ n̄ts
mnPRt!2Wmn

2 ~ t̄smnPLnt!

2
1

A2
Wmn

3 ~ t̄smng5t!1 ig2~Wm
1Wn

32Wm
3 Wn

1!

3~ n̄ts
mnPRt!1 ig2~Wm

2Wn
32Wm

3 Wn
2!~ t̄smnPLnt!

1 i
g2

A2
~Wm

1Wn
22Wm

2Wn
1!~ t̄smng5t!G , ~20!

OtBF5
i

A2
~H1v !Bmn~ t̄smng5t!, ~21!

where we use the conventionZm52cosuWWm
31sinuWBm

andAm5sinuWWm
31cosuWBm . Note that most of the abov

operators clearly show theUem(1) gauge invariance, while
some of them do not manifest this invariance straightf
wardly. We have checked that all the operators listed ab
give indeed aUem(1) gauge invariant expression.

III. EFFECTIVE VERTICES FOR THE GAUGE
COUPLINGS OF TAU

The possibilities of contributions of the dimension-s
CP-violating operators to some three-particle couplings
shown in Table I. According to their contribution to th
three-particle vertices of charged and neutral current,
classify the operators as follows: class A,OFL

(3) , contributing
to charged current; class B,OLW , ODt, andOtWF , contrib-
uting to both charged and neutral currents; class
OLB , OtB, andOtBF , contributing to neutral currents; clas
D, OFL

(1) , OFt, andOt1, no contribution to charged and neu
tral currents.

Since class D operators contribute only to theHtt cou-
pling, they may not be probed at future colliders. We will n
consider these operators here further. Both class B and c
C operators affect neutral currents of the tau, and, as
analysis show, they will be strongly constrained by data fr

TABLE I. The contribution status of dimension-sixCP-
violating operators to the tau couplings. The contribution of aCP-
violating operator to a particular vertex is marked by3.

Wnt Ztt gtt Htt

OFL
(3) 3 3

OLW 3 3 3

ODt 3 3 3

OtWF 3 3 3

OLB 3 3

OtB 3 3

OtBF 3 3

OFL
(1) 3

OFt 3

Ot1 3
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the CERNe1e2 collider LEP for the dipole moments of th
tau. Since the constraints for the charged current of the
from its leptonic decays are much weaker~see below!, class
A operator will not be strongly constrained and, as a res
will provide the best possibility for the observation ofCP-
violating effects in hadronic tau decays.

Collecting all the relevant terms we get the effectiveCP-
violating couplings

LWnt52 i
CFL

~3!

L2

g2

A2
v2Wm

1~ n̄tg
mPLt!

2 i
CDt

L2

v

A2

g2

A2
Wm

1n̄tPR~ i ]mt!

1 i
CtWF

L2

v
2

Wmn
1 ~ n̄ts

mnPRt!

1 i
CLW

L2

1

A2
Wmn

1 @ n̄tg
mPL~]nt!2~]nn̄t!g

mPLt#,

~22!

LZtt5 i S CtWF

L2

cWv

2A2
1

CtBF

L2

v

A2
sWD Zmn~ t̄smng5t!

1 i S CLW

L2

cW

2
1

CLB

L2
sWD

3Zmn~ t̄gmPL]nt2]nt̄gmPLt!

1 i
CtB

L2
sWZmn~ t̄gmPR]nt2]nt̄gmPRt!

2 i
mZ

2A2

CDt

L2
Zm@ i ~ t̄g5]mt2]mt̄g5t!1 i ]m~ t̄t!#,

~23!

Lgtt5 i S CLB

L2
cW2

CLW

L2

sW

2 D Amn~ t̄gmPL]nt2]nt̄gmPLt!

1 i
CtB

L2
cWAmn~ t̄gmPR]nt2]nt̄gmPRt!

1 i S CtBF

L2
cW2

CtWF

L2

sW

2 D v

A2
Amn~ t̄smng5t!, ~24!

wheresW[sinuW, cW[cosuW, andPL,R[(17g5)/2.

IV. CURRENT CONSTRAINTS
FROM EXPERIMENTAL DATA

A. Constraints from the measurement of the dipole moments

Including both the SM couplings andCP-violating new
physics effects, we can write theVtt (V5Z,g) vertices,
with both taus being on-shell, as
7-3
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GVtt
m 5 ieFgmAV2gmg5BV1

CV

2mt
knsmng5G , ~25!

where k is the momentum of the vector boson. We ha
neglected the scalar and pseudoscalar couplings,km and
kmg5, since these terms give contributions proportional
the electron mass ine1e2→t2t1. We note that some o
these neglected terms are needed to maintain the electro
netic gauge invariance for the axial vector couplings in E
~25!. AV andBV are the SM couplings. At the tree level, the
are given by AZ,g5(2114sW

2 /4sWcW) ,21 and BZ,g

5(21/4sWcW) ,0. CV arises from new physics given by

CZ52
CLW

L2

mt
2

e
cW1

CDt

L2

mt mZ

A2e
1

CtWF

L2

vmt

e
A2cW

2
CLB2CtB

L2

mt
2

e
2sW1

CtBF

L2

vmt

e
2A2sW , ~26!

Cg52
CLW

L2

mt
2

e
sW1

CtWF

L2

vmt

e
A2sW

1
CLB2CtB

L2

mt
2

e
2cW2

CtBF

L2

vmt

e
2A2cW . ~27!

The electric and weak dipole moments are obtained by

dt
g,Z5

e

2mt
Cg,Z50.55310214Cg,Z ~e cm!. ~28!

The CP violation introduced by the dipole moments ca
be searched inZ→t1t2. The dipole moments can be dete
mined from the tau spin which can be measured from the
decay products. No evidence ofCP violation has been ob
served inZ→t1t2 so far, which set strong limits on th
dipole moments.

The limit on the weak dipole moment of tau lepton o
tained at LEP is@16#

uRe dt
Zu<3.6310218 e cm ~95% C.L.!. ~29!

Assuming the simple situation that cancellation among
ferent operators does not take place, we get the bound
the coupling strength:

U CLW

L2 U,6.831025 GeV22, ~30!

U CDt

L2 U,1.731026 GeV22, ~31!

U CtWF

L2 U,3.531027 GeV22, ~32!

U CLB

L2 U ,U CtB

L2 U,6.331025 GeV22, ~33!
07300
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U CtBF

L2 U,3.231027 GeV22. ~34!

Compared with the constraints on the weak dipole mome
those on the electric dipole moment of tau lepton are wea
The strongest constraint ondt

g has been derived from theZ
→t1t2 decay width, which is given by@17#

udt
gu,2.7310217 e cm ~95% C.L.!, ~35!

which yield the following bounds on the coupling streng
under the assumption that cancellation among different
erators does not take place:

U CLW

L2 U,9.431024 GeV22, ~36!

U CtWF

L2 U,4.931026 GeV22, ~37!

U CLB

L2 U ,U CtB

L2 U,2.631024 GeV22, ~38!

U CtBF

L2 U,1.331026 GeV22. ~39!

B. Constraints from the measurement of leptonic decays

The CP-violating contribution to theWnt vertex in the
tau decay can be written in the momentum space as

LWnt5
g2

A2
Wm

1n̄tFgmPL~11 ia !1kmPR

1

2mt
~ ib !

1
i

2mt
knsmnPR~ ic !Gt, ~40!

where the form factors are given by

a52
CFL

~3!

L2
v22

CDt

L2

vmt

2A2
, ~41!

b52
CDt

L2

vmt

A2
, ~42!

c5
CLW

L2

2mt
2

g2
2

CDt

L2

vmt

A2
2

CtWF

L2

2A2vmt

g2
. ~43!

The km term is negligible in leptonic tau decays. The the
retic prediction for branching fractions of the decayt2

→ l 2n̄ lnt ( l 5e2,m2) are given by@18,19,20#
7-4
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Bl5
GF

2mt
5

192p3
tt~128x212x2ln x18x32x4!

3F X12
a~mt!

2p S p22
25

4 D CS 11
3

5

mt
2

mW
2

22
ml

2

mW
2 D G

3~11D l !, ~44!

wherett is the tau lifetime,x5ml
2/mt

2 andD l5k̃2/10 with

k̃5Ac2110a2. The world average values forBl @21# con-
straint uk̃u,0.26 at 95% C.L.@20#. Again assuming the
simple situation that cancellation among different operat
does not take place, this yields the upper bounds on coup
strengths of the operators

U CFL
~3!

L2 U,1.431026 GeV22, ~45!

U CLW

L2 U,2.431022 GeV22, ~46!

U CDt

L2 U,4.431024 GeV22, ~47!

U CtWF

L2 U,1.231024 GeV22. ~48!

These bounds onCLW , CDt, and CtWF derived from
charged current are much weaker than those derived f
neutral currents given in Eqs.~30!–~34!.

We summarize that the strongest bounds presently a
able on the seven operators in classes A, B, and C are g
in Eqs.~30!–~34! and ~45!.

V. CP-VIOLATING EFFECTS IN t˜3pnt

As pointed out in Sec. I, there are various methods
searching for theCP violations of the tau lepton. Here w
focus on the three-charged-pion decayt6→p61p71p6

1nt , which has been argued to be a promising process
detectingCP violation @6,7#. This decay is dominated by th
contributions of two overlapping resonances,a1~1260! and
p8~1300!, and has been extensively studied@22,23#. In our
analyses we follow Ref.@23# for the phenomenological pa
rameterization of the form factors.

Including the contributions of possible new physics, t
matrix element for the parton-level processt2(p,s)→ū
1d1nt(k,2), where the momenta and helicities fort and
nt are indicated, is given by
07300
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M5A2GFF ~11x!ū~k,2 !gmPLu~p,s!d̄gm~12g5!u

1hū~k,2 !PRu~p,s!d̄~11g5!u

1zū~k,2 !
pm

mt
PRu~p,s!d̄gm~12g5!uG . ~49!

The form factorsx, h, andz, which are from new physics
are given by

x5 i ~T11T21T3!, ~50!

h52 i
mu1md

mt
~T21T3!, ~51!

z52 i2~T21T31T4!, ~52!

where

T152
CFL

~3!

L2
v2, ~53!

T25
CtWF

L2

A2vmt

g2
, ~54!

T352
CLW

L2

mt
2

g2
, ~55!

T45
CDt

L2

vmt

2A2
~56!

Here mu and md are the current masses of theu and d
quarks. Under the constraints derived in Sec. IV, we hav

uT1u,8.4731022, ~57!

uT2u,3.6531024, ~58!

uT3u,3.6731024, ~59!

uT4u,2.6531024. ~60!

Here we see that the bound on termT1 is much weaker than
those on the other terms. In the following we only prese
the detailed analyses for termT1, i.e., the effects of operato
OFL

(3) . Then the matrix element for the decayt2

→(3p)2nt can be written in the form

M5A2GF~11x!ū~k,2 !gmPLu~p,s!Jm , ~61!

whereJm is the vector hadronic matrix element given by@23#
7-5
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Jm5^~3p!2ud̄gm~12g5!uu0&,

5NH 2A2

3
Tmn@~q22q3!n F1~q2,s1!

1~q12q3!n F2~q2,s2!#

1qmCp8@s1~s22s3!F3~q2,s1!

1s2~s12s3!F4~q2,s2!#J . ~62!

Hereq1 andq2 are the momenta of two identicalp2’s, q3 is
the momentum of thep1, q is the momentum of the (3p)2

system, andTmn5gmn2qmqn/q2. Fi are the form factors
@23#, with F3 andF4 being related by Bose symmetry und
q1↔q2. The kinematic invariantssi are defined by

s15~q21q3!2, s25~q31q1!2,

s35~q11q2!2. ~63!

The constantsN andCp8 are obtained by@23#

N5
cosuC

f p
, ~64!

Cp85
gp8rpgrpp f p8 f p

mr
4mp8

2 , ~65!

whereuC is the Cabibbo angle, andgp8rp andgrpp are the
strong coupling constants ofp82r2p and r2p2p, re-
spectively. The values of the relevant parameters are give
@23#

cosuC50.973, mr50.773 GeV, gp8rp55.8,

grpp56.08, f p50.0933 GeV. ~66!

Note that for thep8 decay constant,f p8 , the value of 0.02
GeV was used in Ref.@23#. As pointed out in Ref.@6#, this
value might be overestimated because the mixing betw
the chiral pion field and a massive pseudoscalarqq̄ bound
state should be considered. Taking into account such mix
effects,f p8 was re-estimated in the chiral Lagrangian fram
work and was found to be (1 – 5)31023 GeV @6#. In our
calculation, we use the most conservative value of 131023

GeV and will comment on the effect of the largerf p8 later.
This matrix element can be casted into the form@6#

M5A2GF~11x!F(
l

LslHl

1S 12
mp8

2

~mu1md!mt

x

11x D LssHsG , ~67!

whereLsl and Lss are the leptonic amplitudes, andHl (l
50,6) andHs are those involving hadrons. They are giv
by
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Ls150, ~68!

Ls05
mt

Aq2
Amt

22q2ds1 , ~69!

Ls25A2Amt
22q2ds2 , ~70!

Lss5Amt
22q2ds1 , ~71!

Hl52
2A2

3
Nem~q,l!@~q22q3!mF1~q2,s1!

1~q12q3!mF2~q2,s2!#, ~72!

Hs5NmtCp8@s1~s22s3!F3~q2,s1!

1s2~s12s3!F4~q2,s2!#, ~73!

wheree(q,l) is the polarization vector of the axial vecto
mesona1.

The amplitude oft1→(3p)1n̄t can be obtained from
that of t2→(3p)2nt by the substitutions@6#: x→x* , Lsl

→(21)lL2s,2l andLss→L2ss .
Following Ref. @6#, we define two coordinate system

(x,y,z) and (x* ,y* ,z* ) in the (3p)6 rest frame. Both sys-
tems have a commony axis which is chosen along thekW3qW 3
direction. In the (x,y,z) system, thez axis is along the di-
rection ofkW , and the momentumqW 3 is in the (z,x) plane with
a positive-x component. The (x* ,y* ,z* ) system is related to
the (x,y,z) system by a rotation byu ~the angle betweenkW

and qW 3) with respect to the commony axis, so that thez*
axis is alongqW 3. In terms of the five variables,q2, s1, s2, u

and f* , where f* is the azimuthal angle ofqW 1 in the
(x* ,y* ,z* ) system, we denote the differential decay rates
t2→(3p)2nt andt1→(3p)1n̄t by Ḡ(q2,s1 ,s2 ,cosu,f* )
and G(q2,s1 ,s2 ,cosu,f* ), respectively. Then aCP-
conserving sumS and aCP-violating differenceD can be
constructed@6#

S5G~q2,s1 ,s2 ,cosu,f* !1Ḡ~q2,s1 ,s2 ,cosu,2f* !

5
GF

2mt

27p6

~12q2/mt
2!2

q2
u11xu2

3H 2uH2u21
mt

2

q2
uH0u21u11ju2uHsu2

22
mt

Aq2
@11Re~j!#Re~H0Hs* !J , ~74!

D5G~q2,s1 ,s2 ,cosu,f* !2Ḡ~q2,s1 ,s2 ,cosu,2f* !

522
GF

2mt

27p6

~12q2/mt
2!2

q2
u11xu2

mt

Aq2
Im~j!Im~H0Hs* !,

~75!
7-6
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wherej is given by

j52
mp8

2

~mu1md!mt
S x

11x D . ~76!

Choosing a weight functionw(q2,s1 ,s2 ,cosu,f* ), we can
obtain aCP-violating observablêwD& which is obtained by
integrating the quantitywD over the allowed phase spac
Following Ref. @6#, we consider two types ofCP-violating
forward-backward asymmetries,A1FB and A2FB , which are
the nt ( n̄t) distribution with respect to thep1 (p2) direc-
tion in the (3p)2 @(3p)1# rest frame, with the respectiv
weight functions sgn@cosu# and sgn@s22s1#•sgn@cosf* #.
We also consider the optimal asymmetry,Aopt , which is
defined with the weight functionD/S. The statistical
significance can be determined by the quantity«
5^wD&/A^S&•^w2S&. To observe thisCP-violating observ-
able at the 2s level, the required statistical significanc
should be«>2/ANtBr. Hence the sensitivity to probes o
the coupling is proportional toANt.

Under the current constraint in Eq.~45!, i.e.,
CFL

(3)/(L/TeV)2<1.4, the number oft required to observe
the effect of operatorOFL

(3) at the 2s level is found to be~for
f p85131023 GeV!:

Nt>H 7.23106 ~ for A1FB!

0.53106 ~ for A2FB!

0.83105 ~ for Aopt!.

~77!

So, at the tau-charm factory which will produce 13107 tau
leptons per year, it is possible to observe suchCP-violating
effects. If an effect is not seen at the 2s level, stronger
constraints can be obtained for the coupling strength of
operator under consideration,

uCFL
~3! u

~L/TeV!2
<H 1.18 ~ for A1FB!

0.30 ~ for A2FB!

0.12 ~ for Aopt!.

~78!

For the class B operators (OLW , ODt andOtWF), we do
not present their detailed analyses here. But we can rou
estimate the number oft leptons required to observe the
effects from our results for the operatorOFL

(3) . As shown in
Sec. IV, the upper bound on the coupling strength of a c
B operator is 1022 lower than that ofOFL

(3) . Since the num-
ber oft leptons required to observe the effects of an opera
is proportional to 1/Ci

2 , the number oft leptons required to
observe the effects of a class B operator should be incre
by a factor 104 relative to that in Eq.~77!. Hence, under the
current constraints, 109 taus are needed in order to obser
the effects of a class B operator even with the most sens
probe byAopt . So it is impossible to observe their effects
the 3p mode of the tau decay at the tau-charm factory wh
is expected to produce 107 taus per year.

From Eqs. ~65!, ~73!, and ~75!, we see that theCP-
violating differenceD is proportional to thep8 decay con-
07300
e

ly

ss

r

ed

e

h

stant f p8 and thus the number oft leptons required is pro-
portional to 1/f p8

2 . In our calculation we used the mos
conservative value of 131023 GeV. If we take the larges
value of 531023 GeV @6# for f p8 , the number oft leptons
required to observe the effects of the operators as give
Eq. ~77! will be lowered by a factor of 1/25.

To conclude this section, let us discuss briefly the pres
experimental situation. Thet→3pnt has been investigate
by Argus @24# at Doris II and by OPAL@25#, ALEPH @26#
and, most recently, DELPHI@27# at LEP. The statistics in
these experiments are several times to an order of magni
smaller than that required by Eq.~77!. Two models have
been used by these experiments to fit their data: One is
model by Isgur, Morningstar, and Reader~IMR! @22# and the
other by Kuhn and Santamaria~KS! @22#. The two models
differ in their parametrization@28# although both assume
axial vector, i.e.,a1, dominance of the 3p system. The
model we used is close to that of IMR. All data were fou
to be consistent with the two models although the deta
fits reveal some disagreement between the experimental
and the models. For the OPAL Collaboration which h
made a detailed fit, both models were found to overestim
ther-peak and underestimate the low value region of inva
ant mass of thep1p2 system. In particular the IMR mode
was found to need a 14% non-a1 contribution which was
represented as a polynomial background. In the most re
DELPHI analysis, the Dalitz plot and the invariant mass
the 3p system were analyzed and found to be in reasona
good agreement with both the IMR and KS models. Ho
ever, it is also found that the two models do not give a go
fit for the s1 ands2 distributions fors.2.3 GeV2, wheres is
the 3p invariant mass squared.

VI. SUMMARY

We studied the dimension-sixCP-violating SUL(2)
3UY(1) invariant operators involving the tau lepton, whic
could be generated by new physics at a higher energy sc
Under our criteria, there are totally 10 such operators wh
are classified into 4 classes. Since the class D opera
(OFL

(1) , OFt andOt1), only contribute toHtt coupling, they
are not constrained by current data and it will be difficult
probe them at future colliders. Class B operators (OLW , ODt
and OtWF) and Class C operators (OLB , OtB and OtBF)
give anomalous neutral currents and are strongly constra
by LEP experimental data. Class A operator (OFL

(3)) only
contribute to charged current and so far is only loosely c
strained. Although both class A and class B contribute
charged current and affect the tau hadronic decayt
→3pnt , only class A operator will be possibly observab
at future tau-charm factory. The current strong limits on t
class B operators make their contributions toCP violation
effect in t→3pnt unobservable.

To conclude, our analyses show that theCP-violating new
physics, subject to existing experimental limits, are possi
observable in hadronic tau decays at the future tau-ch
factory. The effective operators~12!–~21! contain vertices of
7-7
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more complicated structures than the 3-point vertices
have investigated in this article. Their effects, in particular
operators given in Eqs.~12!, ~13!, ~14!, ~16!, and ~21!, will
be investigated in future works.

Despite the fact that the decayt→3p1nt is an ideal
place to investigate the leptonCP-violation effect, the valid-
ity of the model parametrization is not completely clear
discussed at the end of Sec. V. In the future, a model in
pendent parametrization of the process will be desira
Therefore, we see more theoretical effort is needed in o
on
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ith
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to reliably extract any leptonCP-violation effect which may
exist.
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