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The dimension-siXxCP-violating SU, (2) X Uy(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 induce@P-violating effects could possibly be observedsin>37v, at the future tau-charm
factory.[S0556-282(98)06017-2
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[. INTRODUCTION tory in probing theCP violation of the tau sector has been
given in[9].

The tau lepton is possibly a special probe of new physics In this article, we give a model-independent study for the
in the leptonic sector due to the fact that it is the only leptonpossibleCP-violating effects associated with tau lepton by
which is heavy enough to have hadronic decays and, as n#he use of the effective Lagrangian approach. The use of the
ively expected, heavier fermions are more sensitive to thé&ffective Lagrangian approach in describing new physics is
new physics related to mass generations. In searching for théell motivated. The fact that no direct signal of new particles
possible new physics associated with the tau lep&hyio- has been observed from collider experiments and the impres-
lation is a particularly interesting probe. In the standardsive success of the SM requires that the new physics pre-
model (SM), the existence of a phase in the Cabibbo-serves the SM structure around the SM energy scale and only
Kobayashi-MaskawdCKM) mixing matrix [1] allows CP  very delicately improves if10]. So it is likely that the only
violation in the quark sector but not in the lepton sector. Theobservable effects of new physics at energies not too far
origin of CP violation remains a mystery more than three above the SM energy scale could be in the form of anoma-
decades after its discovery. In models beyond the SM, addious interactions which slightly affect the couplings of the
tional CP violation can appear rather naturally and non-SM particles. In this spirit, the residue effects of new physics
CKM-type CP violation is necessary in order to account for ¢an be expressed as non-standard terms in an effective La-
the observed value of the baryon density to entropy f@o  grangian with a form such as
Therefore, the detection of any non-CKM-tyg&P viola-
tions, such asCP violating lepton interaction, will be an 1 1
unequivocal signal of new physics, and may help illuminat- _ - A il
ing the origin ofCP violating and alleviating the difficulty in Letr=Lot A2 2. Cioi+0 A4) ' @
baryogenesis.

Experimental studies to date f@P violation in tau pro-
cesses have been in production and not in decay process#glereL, is the SM Lagrangian) is the new physics scale
Since the bounds are relatively weak, there are plenty roomgnd O; are CP-conserving or CP-violating SU.(3)
for CP-violating new physics to be discovered in the tauXSU_ (2)XUy(1) invariant dimension-six operators, and
sector. With the tau-charm factory, which will operate at anC; are constants which represent the coupling strengths of
e"e” center-of-mass energy of around 4 GeV and a lumi-O;. The expansion in Eq1) was first discussed in Refl1]
nosity of L=10% cm 2 s ! with good /K separation, tau and further investigated ifil2,13,14,15 In this article, we
properties will be measured to a very high precision. Thisfocus on theCP-violating operators involving the tau lepton.
will allow the tests of the SM and provide some information  In Sec. Il we list the possible dimension-<bP-violating
about new physics. SU, (2)XUy(1) invariant operators involving the tau lepton

CP violations in tau lepton decays have been investigateé@nd give their expressions after electroweak gauge symmetry
in Refs.[3-7]. Generally, the possibl€EP violating effects  breaking. In Sec. Il we give the inducé&P-violating effec-
are expected to be larger and easier for detection in semilepive couplingsWvr, Z77, and yr7 and classify the opera-
tonic tau decays than in production process¥ls Analyses tors according to the interaction vertices. In Sec. IV we de-
of new physics models yieldinGP-violating effects in tau rive the bounds for the coupling strength from the available
decays have been given in Rg8], where theCP-violating  experimental data in tau dipole moments. In Sec. V we
effects of multi-Higgs-doublet models are found to be possi-evaluate the possibility of observing tkd#P-violating effects
bly observable at the tau-charm factory. More recently, af these operators in—3mv, at a future tau-charm factory.
systematical analysis for the potential of the tau-charm facAnd finally in Sec. VI we present the summary.
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[l. CP-VIOLATING OPERATORS INVOLVING The expressions of thegeP-violating operators after elec-
THE TAU LEPTON troweak symmetry breaking in the unitary gauge are given

Here we assume that the new physics in the lepton sectc?ry
resides in the interaction of third family to gauge bosons or
Higgs boson. Therefore, the operators we are interested i
are those containing third-family leptons coupling to gauge
or Higgs bosons.

i — _
rbLWZEWiu[ VT'y'uPLaVVT_ aVVTYMPLVT

To restrict ourselves to the lowest order, we consider only — TYHP I’ T+ ' Ty P 7]
tree diagrams and to the order ofAZ, Therefore, only one i
vertex in a given diagram can contain anomalous couplings. + b W' (0 vHP, 3" 7— 9" p vEP
Under these conditions, operators which are related by the \/E[ vy LT vy PLT)
field equations are not independent. As discussed in Ref. o o
[14], to which we refer for the detail, the fermion and the W, (Ty*PLd v~ "y P v,)]
Higgs boson equations of motion can be used but the equa- _ _
tions of motion of the gauge bosons cannot when writing + oLy W, W, ]9"L —g2d"Ly*[W,, W, ]L
down the operators in Eql). Also, we assume all the op- 1
eratorsO; to be Hermitian. Because of our assumption that + Egz(wﬂv'wv)LY“L—ng”L YW, L, (12)

the available energies are below the unitarity cuts of new-

physics particles, no imaginary part can be generated by the

new physics effect. Therefore the coefficieftsin Eq. (1) .

are real. Og=1B,,
The expressions of th€P-violating operators involving

the third family leptons are parallel to their corresponding

ones involving the third family quarks given in R¢L5], but X

the number of independent operators is much less due to the

absence of right-handed neutrino and the strong interactions. _ _ o

We follow the standard notatior: denotes the third family ~ O.g=i[ 7ry*3"7r— 9" TrY*Tr]B,,— 291 7rY* 7B ., B",

fy’“&"L - a"f'y"L - 2iL_y"

1
AV zngV) L}, (19

left-handed doublet leptonsh is the Higgs doubletw,, (14)
andB,,, are the S{2) and U1) gauge boson field tensors in

the appropriate matrix forms, am, denotes the appropriate 1) _ — —

covariant derivatives. For more Mdetails of the notation we Oa=(H+v)d,Hlvy*PLv-+ 7y P (15)

refer to Ref[14]. The possible operators are given by -
of,?ﬁ: — Ofl,lﬂ-i- 2(H+ v)&MH TY*PL T

Opw=i[Ly*7'D"L—D"Ly*7'LIW,,,, 2
i — —

— — — —=(H+0) W} v, y*P 7— W 7y*P
OLB:i[L,y,uDVL_DVL,y,uL]B#w (3) \/z( U) ( MVT'}’ LT #77 LVT)Y
0,5=i[TrY*D"7r— D’ mr¥*7rIB,,,, (4) (16
Ol =[®"D,®+(D,®)'®ILy L, (5  Ow:=(H¥v)d,Hry"Per, (7
OF=[®"7'D,®+(D,®)"r'®ILy 7L, 1 _

O, ,=—=HH+v)(H+2v)TivysT, 18
(6) o0 ( )( )TiYs (18
Og,=[®'D,®+(D,®) ®]rgy s, 7
o1 — — — . —
. 02\ _ — ODTZI?EO"’U'H[Tﬁ’U_T—(aMT)T+&M(T’y5T)+|2ngMTT:|
071:| @ q)_? [LTR(D_(I) TRL], (8)

J— . mz M oy .

Op,=i[(LD,70)D#®— (D#®) (D, 7al)], top v HToZlalrtTysd,T

©)

— —. 92
O,TW(I):i[(fa"uleTR)q)_(DT(7RO-MVTIL)]W|MV, _(&MT)757+2918,¢(T|757)]+?(H+U)
(10 _ _
B B X[W, (v,Prd,7+i91B,v,PgrT)
0.go=i[(Lo*’ 7R)®— DT (7re*"L)]B,, . - _ _
g (12) +W,(d,7P v, —ig,B, 7P v,)], (19
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TABLE |. The contribution status of dimension-sicP- the CERNe" e~ collider LEP for the dipole moments of the
violating operators to the tau couplings. The contribution @R tau. Since the constraints for the charged current of the tau

violating operator to a particular vertex is marked Xy from its leptonic decays are much weaksee belowy, class
A operator will not be strongly constrained and, as a result,
Wor Z17 yTT Hrr will provide the best possibility for the observation G-
o® « % violating effects in hadronic tau decays.
OT\I/:/ % % % Collecting all the relevant terms we get the effectvie-
Op. % % % violating couplings
O.wo X X X ) g,
OLB X X ‘CWVT: - I Zw+( T‘y#PLT)
O.s X X A2 \/E
OTB(I) X X
C v g
0§} X —i =2 2 W+V Pr(id*7)
OlI)T X A2 \/— \/— .
O X c
. Cawe U MRV Yas Wy
+i It 2W (vTa' Pr7)
1 L — _ —
O,we=1 E(H +0)| W, (v,0""Pr7) =W, (10" P v,) Cw 1 _
+'FEW Ly P T) = (8 ,) y*PL7],
1 — )
- Evviy( 7o ysT) +iga( W Wi~ W W) (22
— . _ o~ Cowo Cwv  Cigop v —
X (V0" Pr) +ig(W, Wo= WS W, ) (70 P v,) L7:.= e 2ﬁ+ It ESW Z,,(ta""ys7)
+i %(W;W;—W;W,f)(;ﬂ”ysr) : (20) Ciwew _ Cie
V2 A2 2 A2
[ — XZ V(?‘y’“P,_é’”T— 19”?7"P|_7')
OTB(D:E(H +v)B/,LV(T(TM 7’57)! (21) .

+i C—TZBSWZ#,,( TY*PRI" 7— " Ty*PRT)
where we use the conventioh ——cosa\NV\F+sm B, A
andA,=sin B [, TCOSBB,, . Note that most of the above
operators clearly show the.(1) gauge invariance, while - ——Z [,(775,; —d 7757.)+,a (r7)],
some of them do not manifest this invariance straightfor- 2\/— A?
wardly. We have checked that all the operators listed above

give indeed &J.(1) gauge invariant expression. @3

[ CuiB CLw Sw
Ill. EFFECTIVE VERTICES FOR THE GAUGE Ly,=i W2 2
COUPLINGS OF TAU

AMV(?’}/MPL(E?VT— &”?y“PLT)

The possibilities of contributions of the dimension-six
CP-violating operators to some three-particle couplings are
shown in Table I. According to their contribution to the
three-particle vertices of charged and neutral current, we v
classify the operators as follows: class 3) , contributing \/— Ay
to charged current; class B, v, Op andOTch, contrib-
uting to both charged and neutral currents; class Cwheresy=sin 6y, c,=c0s 6y, and PLr=(1Fys)/2.
OLB, O,B, andO g4 , contributing to neutral currents; class
D, 0{, Og,, andO,,, no contribution to charged and neu- IV. CURRENT CONSTRAINTS
tral currents. FROM EXPERIMENTAL DATA

Since class D operators contribute only to ther cou-
pling, they may not be probed at future colliders. We will not
consider these operators here further. Both class B and class Including both the SM couplings an@P-violating new
C operators affect neutral currents of the tau, and, as oyhysics effects, we can write thér7 (V=2,v) vertices,
analysis show, they will be strongly constrained by data fromwith both taus being on-shell, as

Ce — _
i FCWAMV( TY*PRI 7— 9" TYy*PRT)

Crea Cowa Sw

e g (ot ys7), (24)

A. Constraints from the measurement of the dipole moments
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CTB<I)
A2

<3.2x10°7 GeV 2. (34)

, Cy
FGTT: e Y,U,AV_ ‘}/,U,’YSBV_I— ﬁkVUMV'YS ’ (25) ‘

where k is the momentum of the vector boson. We have , ) i
neglected the scalar and pseudoscalar couplikgsand Compared with the constraints on the weak dipole moment,

k,vs, since these terms give contributions proportional tothose on the electric dipole moment of tau lepton are weaker.
tﬁe electron mass ieTe — 7 7. We note that some of The strongest constraint aiy has been derived from the

these neglected terms are needed to maintain the electromag-7 7 decay width, which is given bj17]

netic gauge invariance for the axial vector couplings in Eq.

(25). Ay andBy, are the SM couplings. At the tree level, they |d?]<2.7x107"" ecm (95% C.L), (35
are given by A;,=(—1+4sy/ds,cy),—1 and By,

=(—1/4s,,cy) ,0. C, arises from new physics given by which yield the following bounds on the coupling strength

under the assumption that cancellation among different op-
2

CLw Mm: Cp,m,m; C_ypvm, erators does not take place:
sz_ﬂ_CW‘F D Z+_WCI) \/ECW
A% e A2 2e A% e
2 S| g 4x1074 Gev 2 36
CLB_CTB mz CTBfD vm; \/— 2 <9 € ! ( )
— T ? Sw AZ e 2 ZSW, (26)
2 CTWLI) — 6 2
CLW mT CTWCD vm, <4.9x10 GeV™ y (37)
Cyz___SW+ \/ESW A2
A2 € A2 e
Cig—C.g M C.gp vM; Cig| |Cis 4 5
T2 efwWT T2 e 2\2cy.  (27) ||z | <26x107° Gev ?, (39)
The electric and weak dipole moments are obtained by c
o ‘—BZ‘I’ <1.3x10°% GeV 2 (39)
dzvzzz—mcﬂ:o.ssx 10 ¥C,; (ecm). (29

The CP violation introduced by the dipole moments can  B. Constraints from the measurement of leptonic decays

. . - .
be searched i@z— 7" 7. The dipole moments can be deter-  the Cp.violating contribution to theNwr vertex in the
mined from the tau spin which can be measured from the tay, decay can be written in the momentum space as
decay products. No evidence 6f° violation has been ob-

served inZ— 7" 7~ so far, which set strong limits on the Or . — 1
dipole moments. Lyy,=—=W, v, yMP,_(1+ia)+kMPRﬁ(ib)
The limit on the weak dipole moment of tau lepton ob- V2 T
tained at LEP i§16] i
+ ko ,,Pgr(ic)|T, 40
|Red?|<3.6x10 ¥ ecm (95% C.L). (29 2m, - O # (i) (40
Assuming the simple situation that cancellation among difwhere the form factors are given by
ferent operators does not take place, we get the bounds on
the coupling strength: Cg’ﬂ , Co,om,
c AT AT 22 4y
L;’V <6.8x10°5 GeV 2, (30)
b — SO UMM (42)
Co, =T ;
ADz <1.7X10°% GeVv? (31 A? 2
CLW ZmE CDT va CTWCI) 2\/§va
Cowa ~7 2 R Y VA (43
e <3.5x10°7 GeV 2 (32) A2 92 A2 2 A 92
c c The k, term is negligible in leptonic tau decays. The theo-
ZLBl | 2Bl 6341075 Gev 2 33 ret|g_pred|ct|or1 fo[ branchmg fractions of the decay
A% || A? —I1 "y, (I=e",u”) are given by[18,19,2Q
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GZ 5 . _
Bi=— T (1—8x— 122N x+8x3—x%) M =2Ge| (1+ x)u(k,—) 7, PLu(p,a)dy (1~ ys)u
19273
a,(mT) , 25 3 m72_ m|2 +77U(k=_)PRU(p=U)E(1+75)U
1= =7 s 725 B 0 N
Mo M +eu(k,—) SPRU(p o)Ay (1= y)u|. (49
X(1+A), (44) T

The form factorsy, », and{, which are from new physics,

wherer, is the tau lifetimex=mm? and A, =%2/10 with & ¢ V&N by

k= \/czt 10a?. The world average values f@; [21] con- X=i(Ti+ T+ Ty), (50)
straint | x|<0.26 at 95% C.L.[20]. Again assuming the
simple situation that cancellation among different operators

does not take place, this yields the upper bounds on coupling n=—i My Mg (T, +Ta), (51)
strengths of the operators m,
=—12(Ty+T3+Ty), (52
i
—|<1.4x107% GeVv?, (45)
A2 where
c®
CLw Ty=— —q)zL v?, (53
o | <24 1072 GeV 2, (46) A
CTWCD \/Evmr
2= 2 ’ (54)
CDT A gZ
2 <4.4x<10°* GeV ?, (47)
Cow M2
Ty=—— —, 55
3 A2 0, (55)
C,
‘ l<12¢10* Gev 2 (48)
A T,= o vme (56)
YA 22

These bounds orC,, Cp,, and C.ye derived from
charged current are much weaker than those derived froere m, and my are the current masses of theand d

neutral currents given in Eq§30)—(34). quarks. Under the constraints derived in Sec. IV, we have
We summarize that the strongest bounds presently avail-
able on the seven operators in classes A, B, and C are given |T,|<8.47x 102, (57)
in Egs.(30)—(34) and (45).
|T,|<3.65x10°4, (58)
V. CP-VIOLATING EFFECTS IN 7—37mv,
|T4|<3.67x10 %, (59
As pointed out in Sec. I, there are various methods in
searching for theCP violations of the tau lepton. Here we |T,|<2.65% 104, (60)

focus on the three-charged-pion decay— 7=+ 7" + 7~

+ v, which has been argued to be a promising process for .
detectingCP violation [6,7]. This decay is dominated by the ;ere we s:[ﬁe tht"’%t th? bountld otnhte?z:lls ”.“JCh weakler than N
contributions of two overlapping resonanceg(1260 and thosde ;ml de 0 Ier e;mst. n the otr?wmf? V\t'e ofny pretsen
7'(1300, and has been extensively studig?,23. In our e detailed analyses for term, I.e., the effects of operator

. (3) i -
analyses we follow Ref23] for the phenomenological pa- OaL- Then the matrix element for the decay

rameterization of the form factors. —(3m) v, can be written in the form
Including the contributions of possible new physics, the o
matrix element for the parton-level process(p,o)—u M=2Gg(1+ x)u(k, =) ¥*PLu(p,0)d,,  (61)
+d+ v (k,—), where the momenta and helicities ferand
v, are indicated, is given by whereJ , is the vector hadronic matrix element given[i23]
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J,=((3m) " [dy,(1— ys)ul0),

2\2
=N 5= T*[(020a3), F1(9*,5)

+(01—ds), F2(9%,5)]
+0*C[s1(S2—S3)F3(a%,sy)

+5,(81—-S3)F4(9?,5) ] { - (62

Hereq, andq, are the momenta of two identical"’s, g5 is
the momentum of ther™, q is the momentum of the (8) ~
system, andT#’=g*"—q*q’/q?. F, are the form factors
[23], with F53 andF, being related by Bose symmetry under
g1+ q,. The kinematic invariants; are defined by

$1=(0U2+03)?,  $,=(03+71)?

S3=(01+0p)% (63
The constantN andC ., are obtained by23]

cos 6
-, (64)

fr

97 pad ﬁwfﬂ"fﬂ
C,=—t (65)
mymZ,

where 6 is the Cabibbo angle, angl,.,. andg,, ., are the
strong coupling constants af' —p—7 and p—7—, re-

PHYSICAL REVIEW D 58 073007

L,.=0, (69)

Loo= 226, . (69)
i

L,-=vV2ymZ-q?s,_, (70)

= \m?~?3,. , (72)

HA=—¥Neu(q,k)[(qz—qs)“Fl(qz,sl)
+(d1—93)“F2(d?,8)], (72

Hs=Nm,C [S1(S,— S3)F3(9%,s;)
+55(81—S3)F4(0?,5,)], (73

where €(q,\) is the polarization vector of the axial vector
mesona;.

The amplitude ofr"—(37)" v, can be obtained from
that of 7~ —(37) " v, by the substitution$6]: x— x*, L,
H(_l)AL—U,—)\ andLo’S*)L—O'S'

Following Ref.[6], we define two coordinate systems
(x,y,2) and *,y*,z*) in the (37)~ rest frame. Both sys-
tems have a commoyaxis which is chosen along thex g
direction. In the k,y,z) system, thez axis is along the di-
rection ofk, and the momenturﬁg is in the (z,x) plane with
a positivex component. Thex*,y*,z*) system is related to

the (x y,Z) system by a rotation by (the angle betweek

spectively. The values of the relevant parameters are given &d ds) with respect to the commo axis, so that the*

[23]
€0s6c=0.973, m,=0.773 GeV, g,,,=5.8,
Jprr=6.08,

f,=0.0933 GeV. (66)

Note that for ther’ decay constant, .., the value of 0.02
GeV was used in Ref23]. As pointed out in Ref[6], this

value might be overestimated because the mixing between

the chiral pion field and a massive pseudoscqﬁrbound

state should be considered. Taking into account such mixing
effects,f ., was re-estimated in the chiral Lagrangian frame-

work and was found to be (1-%)10 3 GeV [6]. In our

calculation, we use the most conservative value ®flD 3

GeV and will comment on the effect of the largier later.
This matrix element can be casted into the fdén

M=2Gg(1+x)

; LoHy

2
m_,

™ X

+
(mu+md)m7 1+X

1_

LosHs (67)

wherelL,, andL s are the leptonic amplitudes, amt, (A

=0,%) andHyg are those involving hadrons. They are given

by

axis is anngq3 In terms of the five variables}?, S1, Sz, 0

and ¢*, where ¢* is the azimuthal angle ofj; in the
(x*,y*,z*) system, we denote the differential decay rates of
T —(37) v, andr"—(3m) T v, by G(q%,5;,S,,C0S6,¢%)

and G(g?s;,s,,c086,¢*), respectively. Then aCP-
conserving sun® and aCP-violating differenceA can be
constructed6]

3 =G(025;,S,,080,* )+ G(g%S;,S,,C0S 0, — b*)
GEm, (1-g%/m?)?
- 7

|1+ x|?

278
m?2
2[H >+ ¥|H0|2+|1+ &%[Hgl?

m
—2—[1+Re£)]ReHoHY) (74)
\/?[ &$)] 0
A=G(g%5s;,5,,C050,* ) —G(g%,S;,S,,C0S 0, — b*)
GZm, (1— qz/m )2 m, .
- 27776 |1+ | \/az OHs)!
(75
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where¢ is given by stantf . and thus the number af leptons required is pro-
5 portional to 1tfr,. In our calculation we used the most

£=— My X . (76) conservative value of 10 3 GeV. If we take the largest

(my+mg)m, | 1+ x value of 5102 GeV[6] for f ., the number ofr leptons

) ) ) ) N required to observe the effects of the operators as given in
Choosing a weight functiomv(q<,s;,S,,c0s6,¢*), we can Eq. (77) will be lowered by a factor of 1/25.

obtain aCP-violating observabl¢wA) which is obtained by "1 conclude this section, let us discuss briefly the present
Integrating the quantityA over the allowed pha_se Space. experimental situation. The— 3w, has been investigated
Following Ref.[6], we consmjer two types dtP—vaatlng by Argus[24] at Doris Il and by OPAL[25], ALEPH [26]
forward-b ack.wa.rd gsymmetneA,lFB andAZEB’ Vghlch a'® " and, most recently, DELPHI27] at LEP. The statistics in
the v, (v) distribution with respect to ther ™ () direc-  yyege experiments are several times to an order of magnitude
tion in the (3m)~ [(3m)"] rest frame, with the reSPECtiVe smaller than that required by E¢77). Two models have
melghlt functlonds sg[rr]cose]_ancli sgf\sz—sl]'sgr{cgsﬁ ] been used by these experiments to fit their data: One is the
e also consider the optima gsymmet%pt, Whieh 1S = model by Isgur, Morningstar, and Read®IR) [22] and the
defined with the weight functionA/X. The statistical other by Kuhn and Santamari&S) [22]. The two models
S|gn|f|canﬁce can_be determmed_ by_ the_ quantity differ in their parametrizatiorj28] although both assume
=(WA)/V(X)-(w™2). To observe thi€P-violating observ- axial vector, i.e.,a;, dominance of the @ system. The

able at the 2 level, the required statistical significance del dis ol hat of IMR. Al d found

should bee=2/{N,Br. Hence the sensitivity to probes of mode] we used Is close to that o ' ata were foun

h ling is roT ortional tgN. to be consistent with the two models although the detailed

t eU%%ueF; ?he pcu?rent constrg it in Eq(45), ie fits reveal some disagreement between the e_xperimgntal data

CO/(A/TeV)2<1.4, the number of re uired. to ’obs.er.\'/e and the models. For the OPAL Collaboration which has
PL T q made a detailed fit, both models were found to overestimate

3 .
the effect of operatod{; at the 2r level is found to befor e p-peak and underestimate the low value region of invari-

fr=1x10"° GeV): ant mass of ther* 7~ system. In particular the IMR model
was found to need a 14% n@n- contribution which was
7.2x10° (for Ajrg) represented as a polynomial background. In the most recent
N.={ 0.5% 10° (for Ageg) 77 DELPHI analysis, the Dalitz plot and the invariant mass of

the 3 system were analyzed and found to be in reasonably
0.8X10° (for Agpy. good agreement with both the IMR and KS models. How-
ever, it is also found that the two models do not give a good

i ; Y
So, at the tau-charm factory which will produce<10’ tau it for the s, ands, distributions fors>2.3 Ge\?, wheresis
leptons per year, it is possible to observe s@hviolating  ine 37 invariant mass squared.

effects. If an effect is not seen at therZdevel, stronger
constraints can be obtained for the coupling strength of the
operator under consideration,

VI. SUMMARY
. 1.18 (for Asrp) We studied the dimension-siCP-violating SU, (2)
|Cfbﬂ X Uy(1) invariant operators involving the tau lepton, which
—(A/TeV)Z\ 0.30 (for Azrg) (78) could be generated by new physics at a higher energy scale.

0.12 (for Agpy)- Under our criteria, there are totally 10 such operators which
are classified into 4 classes. Since the class D operators,

For the class B operator®(, Op, andO,yg), we do (0}, 04, andO,;), only contribute taH 7 coupling, they

not present their detailed analyses here. But we can roughljre not constrained by current data and it will be difficult to

estimate the number of leptons required to observe their probe them at future colliders. Class B operat@®s,(, Op,

effects from our results for the operat@t(qfﬂ. As shown in  and O,4) and Class C operator(g, O,5 and O,ge)

Sec. 1V, the upper bound on the coupling strength of a clasgive anomalous neutral currents and are strongly constrained

B operator is 102 lower than that ODEI;Q’B. Since the num- by LEP experimental data. Class A operat@ge) only

ber of 7 leptons required to observe the effects of an operatocontribute to charged current and so far is only loosely con-

is proportional to 17, the number of leptons required to  strained. Although both class A and class B contribute to

observe the effects of a class B operator should be increasetharged current and affect the tau hadronic decay,

by a factor 10 relative to that in Eq(77). Hence, under the — 3w, only class A operator will be possibly observable

current constraints, Ptaus are needed in order to observeat future tau-charm factory. The current strong limits on the

the effects of a class B operator even with the most sensitivelass B operators make their contributionsG® violation

probe byA, . So it is impossible to observe their effects in effect in 7— 37, unobservable.

the 37 mode of the tau decay at the tau-charm factory which To conclude, our analyses show that @i-violating new

is expected to produce i@aus per year. physics, subject to existing experimental limits, are possibly
From Egs.(65), (73), and (75), we see that theCP- observable in hadronic tau decays at the future tau-charm

violating differenceA is proportional to ther’ decay con- factory. The effective operatof42)—(21) contain vertices of
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more complicated structures than the 3-point vertices weo reliably extract any lepto@P-violation effect which may
have investigated in this article. Their effects, in particular ofexist.
operators given in Eq€12), (13), (14), (16), and(21), will
be investigated in future works. ACKNOWLEDGMENTS
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