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We systematically investigate the possibility of findi@d or T violation in the = sector at ther-charm
factory.CP or T violation may occur in the- pair production process, expressed as an electric dipole moment,
and in 7 decay processes. By assuming that an electric dipole moment as large'8sel@m andCP or T
violation effects originating fronr decay as large as 10 are observable at thecharm factory, we study all
the possible extensions of the SM which are relevant for gener@tihgr T violation in ther sector. And we
point out, there are a few kinds of models which are hopeful candidates for generatingBuetT violation.

For these models we consider all the theoretical and current experimental constraints and find that there exists
some parameter space which will result in a measur&#eor T violation. Therefore we conclude that the
7-charm factory is a hopeful place to disco¥@P or T violation in the r sector.[S0556-282(97)00703-3

PACS numbeps): 14.60.Fg, 11.30.Er, 12.60i

[. INTRODUCTION CP or T violation effects at ther-charm factory(TCF).
The TCF is a very good place to test the SM and search

The origin of CP violation has remained an unsolved for new physics phenomena because of its high luminosity
problem since the discovery &P violation in theK meson  and precisiorf9]. Especially ther sector is a good place to
system a quarter of a century aldd. Although the observed seek for non-SMCP or T violation effects because in the
CP violation in theK meson system can be accommodatedSM CP violation in the lepton sector occurs only at the multi
in the standard moddISM) of electroweak interactions by loop level and is way below any measurable level in high
virtue of a physical complex phase in thex3 Cabibbo- energy experiments; only non-SM sourcesG#® or T non-
Kobayashi-Maskaw&KM) matrix [2], it is not clear if the  conservation may contribute, and another reason isrthas
CKM mechanism is really correct or the only source forabundant decay channels with sizable branching ratios,
CP or T violation [3]. To verify the CKM mechanism one which can be used to measu@P or T violation. Further-
needs not only information on th€ meson mixing and de- more, production-decay sequences ropairs by electron-
cay, but also that from thB meson system or other systems. positron annihilation are also favored. The reason is that
The main physical purpose of tH& factory is to test the 7 pair production by electron-positron annihilation is a
CKM mechanism. However, even if the CKM method is the purely electroweak process and can be perturbatively calcu-
correct mechanism to descril@P violation in K and B lated; (ii) for the unpolarized electron-positron collision, its
meson mixing and decay, it is not necessary that CKM mainitial state isCP invariant in the c.m. frame(jii) when the
trix be the only source o€ P or T violation in naturd4]. As  electron and/or positron beams are longitudinally polarized,
pointed out by Weinberg5], unless the Higgs sector is ex- the initial state is still effectivelyCP even, which presents
tremely simple, it would be unnatural for Higgs-boson ex-extra chances to detect possil® violation. To detect pos-
change not to contribute t6P or T nonconservation. The sible CP or T violation, one can either compare certain de-
CKM matrix may explain the observe@dP violation in the cay properties ot~ with the correspondin@ P or T conju-
K meson system and possilBP violation in theB meson gations, or measure soméP- or T-odd correlation of
system, while other new sources ©P or T violation may = momentum or spin of the final state particles frampair
occur everywhere they can. In fact there are some physicalecay. Thes€ P or T-violating observables can and should
motivations for people to seek new sourcesCdt or T vio- be constructed model independently, since normally these
lation. One motivation is from the stron@P problem in the observables are not well predicted due to the complexity and
SM [6]. For most of the scenarios to solve this problem theymany free parameters in non-SM. The sensitivity of the ex-
need a more complex vacuum structure and therefore a neperimental measurement on possikdé or T violation is
CP nonconservation origin. Another motivation is from cos- determined by the sensitivity of the measurement on momen-
mology; most astrophysical investigations show that additum, spin, or other physical quantities of the final state par-
tional sources o€ P violation are needed to account for the ticles, and from them the physic&P- or T-violating ob-
baryon asymmetry of universe at presgnt The third mo-  servables are constructed. The better one can measure these
tivation is from supersymmetry. Even in the minimal super-quantities, the momenta, for example, the smaller @t
symmetrical standard modéVISSM), there are some addi- violation phase can be reached. In the TCF, we can expect
tional CP nonconservation sources beyond the CKM matrixabout 18 7 pairs in 1 year, and the precision of measure-
[8]. Now the question is at what places the possible newnents on kinematic parameters at #0The statistical and
CP or T violation effects may show up and what is the systematic errors can be around or below this level. There-
potential to search for those effects. In this work we arefore generally aCP or T violation phase as small as order
going to study systematically the possibility to find new 103 can be reached at the TC#]. In a non-SM theC P- or
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T-violating phase may appear in various stages of the proeay channel and compares it with that for the corresponding
cess of production-decay chain, ete” — 717" CP-conjugate decay process. Underlying such a philosophy
—final particles. We sort them in three cases. is the interference between @P-violating phase and a

(i) CP or T violation is generated in the tree-level pro- CP-conserving strong interaction phase; i.e., @B viola-
duction processe’e” —v,Z,X—71t7", whereX is some tion effect is only manifest in the process with a strong final
new Higgs or gauge boson,G&P- or T-violating phase ap- state interaction. To observe possible non-CKNP viola-
pears either in the propagator & or in the coupling to tion effects inT decays, however, one has to invoke a new
lepton pairs, and the simplest possibility¥sbeing a neutral methodology in most cases. The basic reason is that both in
Higgs boson in two- or multi-Higgs-doublet models. In this the production vertex of a pair (EDM of 7) and in some
case the size o€ P or T violation is proportional to the 7 decay channelglike pure leptonic decayrv, pv decay
interference between thé¢ exchange and, Z exchange pro- channels, etg, there is no strong interaction phase, caused
cesses. Unfortunatel, being a Higgs doublet this interfer- by a hadronic final state interaction, to interfere with a pos-
ence term is proportional to the initial and final state fermionsible CP-violating phase. So far some efforts have been
massesn.m_ as a result of chirality conservation. This factor made to investigate th@ P or T violation effects at the TCF.
alone contributes a suppression factay/m,~3x10 4 to  Mainly those works try to find various ways to measure pos-
all CP- or T-violating observables in these kinds of pro- sibleCP or T violation. A simple and very useful method is
cesses at the TCF besides other possible suppression factdis,construct observables which &@dP- or T-odd operators
like the large mass aX, and small coupling betweexiand  being made from momenta of final state particles coming
leptons. We conclude that it is hopeless to searchd®  from 7 pair decay or polarization vector of the initial electron
nonconservation from the tree-level production process at théor both electron and positrprbeam[12]. These operators
TCF. can be used very conveniently to test @ or T violation

(i) CP or T violation is also generated at the production from either EDM’s of 7 leptons or from the decay of the
stage, but through the loop level. The most hopeful cases afgair without much model dependence. Some of the operators
that there may exist large electric or weak dipole momentsire constructed by considering the reactions
(EDM’s or WDM’s) for the 7 lepton; i.e., there are sizable _
CP or T violation phases at the vertex —y,Z—7". For ef(p)te (—-p)—=7"+7 —A(q_)+B(g)+X (2
this situation the new physical particles beyond the SM only .
appear as virtual particles through loops and the size oih the laboratory system, where (B) can be identified as a
CP violation is proportional to EDM’s or WDM'’s and is not charged particle coming from~ (7") decay. Som& P- or
suppressed by other factors; so the point is just whether th€-odd operatorgso CPT even; we will not consider the
EDM’'s or WDM'’s of 7 are large enough to be observed. CPT-odd operator in this work since it is certainly much
Generally the Lagrangian describif@@P or T violation in  smaller violation effegtcan be expressed &2]
7 pair production related to EDM’s and WDM's is

— . XQ_
Lep=— V70" sl dX(QAF .+ dN0D)Z,0). (D) 0,=p- |f‘* ) -
+X0-
F.,andZ,, are the electromagnetic and weak field tensors. _
The momentum transfer at the TCF is around 4 GeV, and in i on AN (qr.xq-)
experiments at the CER&I"e™ collider LEP it is around the T™=(0Q.-q.)" 1. <4_| +(ie]), ©)
+ —

mass of theZ boson. Therefore at the TCF we expect the

contribution ~ from  WDM's to be a factor of | herep g denote the unit momenta. If the initial electron

2/ 12 -3 - ! ,
4mf/!\/'2f2>< 19 smaller, than the contribution from 4nq/0r positron beams are polarized, one can construct some
EDM’s, if EDM’s and WDM's are at the same order of the y,ore observables making use of the initial polarization vec-

magnitude. On the other hand, the EDM term is less imporior. For example & -violating operator
tant at LEP energy. That is the reason why the LEP data
constrain more strictly on WDM’s than EDM’s af[10,11]. §. X §
We will neglect the WDM contribution from now on in this Oy=g+ ————
work. 1a+xq-|
(i) It is possible that th€ P or T violation phase is small .
in the production process but it is relatively large in the can be constructed from the electron polarization veetor
pair decay processes. The processes tike neutrino plus and momenta of final state particles. If there exists any siz-
light leptons or hadrons through some new boson exchangable CP or T violation from EDM'’s of 7 or in the = pair
at the tree level can contribute significantly@d or T vio- decay vertex, in principle the experimental expectation val-
lation observables. Obviously in this situation a@y or T  ues of these operators are nonzero. For EDM’s t#ptons,
violation effect from the loop level is negligible, since d,, the theoretical expectation values of these operators are
any loop effect is at least suppressed by a factomworked out and expressed only as a functiondof[13].
(1/167%)(m?/M?), whereM is the mass of some new heavy Since at the TCF the precision of measurement for these
particles appearing in the loops. This factor is smaller tharpperators is at the IG level, one expects to probe, as
10 % if M is heavier than about 20 GeV. small as 10%/2m.=10"'" ecm. An example is the mea-
Now let us recall that how one deted®P violation in  surement ofd, or d‘f’ in LEP experiments. The expectation
K meson decays: One measures the partial widths for a deralue of theT" operator is directly related td, [10]:

4
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- om _ tions of 7~ both pointing in the same direction as that of the
(TAe) = —o d:Capdiag —1/6,—1/6,1/3. (5 initial beams. Such a polarization is independent of the pro-
duction angle and the corresponding polarization vector sup-
) ) o ) plies us with an important block to form products with the
The term “diag” means a diagonal matrix with diagonal fing| particle momenta. By comparing such polarization-
elements given above, arff, is the energy at the c.m. yector-momentum products for a specificdecay channel
frame. The proportional constan@;g depend on ther de- it those for the correspondingP-conjugate process, one

gay modez, Plitzge_lf‘ﬁragy this %onstalnt is k?.“:]er 1 fgr all the‘can perform a series of tests for possiBIE violation effects
ecay mo e$. |. The decay ¢ anne's, which can be meas, decay. However, it is impossible to det&P violation
sured in experiments, may be classified ds!-h, andh-h

. . : in 7— v decay without violatingCPT symmetry. As for
classes, where is the lighter leptons, antl is a charged the two-pion channel, the existence of a complex phase due
hadron like s, p, anda;. Very impressively, if the initial P ' piexp

electron(or both electron and positrdis polarized, one may to the hadronic final state interactions, given by the Breit-

use the polarization-asymmetrized distribution. The distribu\Vigner formula for theP-wave resonance, enables detect-

tion is defined as the differential cross section difference beld POssible non-CKM violation by measuring the asymme-
tween two different polarizations. With this methoddaas Ty Of (WXqy)-qz without violating the CPT symmetry,
small as 10 e cm can be reached at the TGE3]; this wherew is the 7 polarization vector and; (i=1,2) are the
corresponds to a sensitivity of I8 of CP or T violation. Up  final pion momenta. By limiting the weak interaction to be
to now the best experimental bound dnis from LEP ex-  transmitted only by exchange of spin-1 and spin-0 particles,
perimental data, which are used to exclude indiredtlyas ~ one can know that only th&-wave part of the amplitude for
large as 107 e cm[11], and so a two orders of magnitude the exchange of the extra spin-1 particle makes contributions
improvement ond. measurements can be achieved at thego CP-violating observables. A very generic conclusion is
TCF. that unless two diagrams have different strong interaction

Besides theC P- or T-odd operator method, several other phases, one cannot observe the existence of a weak phase
useful strategies were proposed to test these violations in using terms involvingw-q;. Tsai[17] also points out that
decay. T violation cannot be detected in pure leptonic decay without

(1) Nelson[14] investigated systematically the feasibility detecting the polarization of the decay lepton, because it is
of using the so-called stage-2 spin-correlation functions tdmpossible to construct @-odd operator by the momenta of
detect possible non-CKMCP violation in the 7-pair  the initial and final state particles in pure leptonic three-body
production-decay sequence and the correspondindecays. This also implies that wibPT symmetry, one can
CP-conjugate sequence. The two-variable energy-correlationot detectCP violation in 7 decay processes with unpolar-
distributionl (E, ,Eg, V), whereW is the opening angle be- ized 7. On the other hand, however, with polarized initial
tween the finalA andB patrticles, is essentially a kinematic electron and positron beams, one can constfuatid opera-
consequence of the-pair spin correlation which depends on tors using the momenta and polarization vector@nd the
the dynamics ofZ® or y* — 7 7" amplitude, and of the decay lepton. Therefore polarization of initial electron and
7 —A" X, and 7" —B* Xg amplitudes. By includingd,  positron is very desirable for detecting ©f or T violation
and ¢, which specify the initial electron beam direction rela- at the TCF.
tive to the final statéA and B momentum directions in the (3) As for the — (3) v, decay, it can proceed either via
c.m. frame ofe"e™ system, one obtains the so-called beam-J"=1" resonance, and theJ®’=0" resonancer’. Choi,
referenced stage-2 spin-correlation functionHagiwara, and Tanabashi8] investigated the possibility
I (e, be,En,Eg, V). For they* —7 7" vertex, there are that the large width-mass ratios of these resonances enhance
four complex helicity amplitudes. Hence, the CP violation effects in the multi-Higgs-doublet extensions
beam-referenced stage-2 spin-correlation function constructsf the SM. To detect possiblEP violation effects, these
four distinct tests for possibleCP violation in  authors compare the differential decay width for the
e et —7 7', To illustrate the discovery limit in using the 7~ —# 7 7 v, with that for the corresponding
beam-referenced stage-2 spin-correlation function, Goozovdt P-conjugate decay process. To optimize the experimental
and Nelsor[15] calculated the ideal statistical errors corre-limit, they suggested considering sever@lP-violating
sponding to the four tests. An advantage of detectify  forward-backward asymmetries of differential decay widths,
violation by use of the stage-2 spin-correlation function iswith appropriate real weight functions.
that the model independence and amplitude significance of (4) To probe possibleCP-violating effects in+ decay
the results are manifest. It is complementary to the greatewith K- 7~ 7" or K~ 7~ K™ final states, Kilianet al. [19]
dynamical information that can be obtained through otheipartitioned the final state phase space into several sectors and
approaches, such as from higher-order diagrammatic calcwonstructed some asymmetries of the differential decay
lations in the multi-Higgs-doublet extensions of the SM.  widths. As a result, they showed thatodd triple momen-

(2) Another strategy to te<E P violation in the two-pion  tum correlations are connected to certain asymmetries, and
channels ofr decay is due to Tsadil6], the basic ingredient so their nonvanishing would indicate a possible hon-CKM
of which is to invoke a highly polarized pair. Consider the CP violation in exclusive semileptonic r—three
7 pair production by electron-positron annihilation nearpseudoscalar-meson decays.
threshold. If the initial electron and positron beams are po- With this knowledge and the results obtained in the pre-
larized longitudinally(along the same directipnthe = pair ~ vious papers in mind, now the crucial question, which is also
will be produced mainly in th& wave, resulting in polariza- the motivation of this work, is whether f@P or T violation
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appearing in EDM’s close td,~10"° ecm andCP or T
violation effects inr decay as 10° are possible values theo- S

retically. If for all possible extensions of the SM, which  _.-===-s. -
people can visualize now, with natural parameter choices, R "
these values are much smaller than the theoretically pre- it N
dicted ones, then the effort to search for such sr@dt or ] MF

T violation signals at the TCF would be not very meaningful, >
at least from the theoretical point of view. In this paper we l
are trying to answer this question by investigating various Li
possible mechanisms for generating large EDM’srpCP

or T violation in 7 decay. This paper is organized as follows.
In Sec. Il we review the generation of EDM’s eflepton’s

in various popular models beyond the standard model an
stress what models can produce possible large EDM's. of
Following the discussion of EDM’s, in Sec. Il we concen-
trate onCP or T violation effects fromr decay in the mod-
els beyond the standard model. The last section is reservi
for some further discussion, and the conclusion on the po
sibility of finding CP or T violation at the TCF is given.

FIG. 1. One-loop diagram for lepton EDM generation, where
is the heavy fermion an® is the new boson. The photon line is
ttached to charged particles in the loop.

metric partner of bosons, or other exotic fermion masses.

ahe second one is that the predictidassociated with large

1, is below its current experimental bound. These two con-

ditions altogether exclude most of the models beyond the

standard model which can provide large enouglobserv-

ables for the TCF. We will see from the following discussion
Il. EDM'S OF 7 LEPTONS that many models beyond the standard model do not satisfy

the two requirements.

The EDM of the leptond, is a dimension-5 operator. It Usually the EDM of the lepton is generated from one-
can only be generated from the loop level. Because this odeop diagrams as an extension of the SM. Figure 1 is a typi-
erator changes the chirality of the lepton, it must be proporcal one-loop diagram for the lepton EDM. The virtual par-
tional to a fermion mass. In the SM the EDM of the lepton isticles are scalar or vector bos&and fermionF in the loop.
generated from three-loop diagrams and is proportional t@\ photon is attached to the charged intermediate particles.
the lepton mass itself; sd, is very small[20]. However, The d, from this diagram is approximately proportional to
generally,d, can be produced from one-loop diagrams inthe fermion mas#1r and it is divided by a scal¥, which is
models beyond the standard model. At the one-loop levelarger or equal tM - . Besides, there are two more couplings

the d, can be expressed as at the verteX-S-F. In a practical model there could be many
possible virtual bosons and fermions in the loop, but we only
en Mg . g A Mg consider the dominant contribution here as an order of mag-
d~ 762 v2Sine~10 ™ 7/l 100 Ge nitude estimation. The diagram in Fig. 1 is evaluated as
(100 Ge\/)z ing ©) OVZIRY
————| sing ecm, i F, .
v di/Qquszwf sing, ™

where Mg is some fermion mass/ is a large scale from

intermediate states in the loops, anddenotes other cou- wherei=e,u,r denotes three-generation leptons apds
plings. ¢ is aCP or T violation phase. In the following part the electric charge of the virtual particlesis an order of 1

we assume maximalCP or T violation phases, i.e., factor from the loop integral. EquatiofY) is true up to a
sing=1. From this equation one sees tldatcan be at most factor of order 1. And there should be a logarithmic depen-
as large as 10'-101° ecm if \ is between 1.0 and 0.1. dence orM(/V in &, which is slowly varying.

SinceV is a scale around or larger than the weak scale, in In order to obtain measurablé, and avoid too large
order to obtain a largd,, M must be a large fermion mass d., one needs a largd ¢ as discussed before akd\’ must
such as thé quark mass or new heavy fermion masses. Fobe around order of 1 for but much smallefsmaller than
example, ifM is the r mass, therd, is smaller than 10%°  about 10 3) for electrons. We systematically investigate and
e cm which is not detectable at the TCF. The same is true foreview most of the popular extensions of the standard model
the scaleV. If V is at the TeV scaled, is smaller than and point out that the following types of models can fulfill
10" 2% e cm. Although, in principled, is possibly as large as the requirements.

10 %® ecm , one has to avoid too large an EDM of the  Scalar leptoquark mode[21]. The CP violation effects
electrond, at the same time. The current experimental uppein 7 sector for the models have been recently discussed ex-
limit on d, is about 102% e cm. This is a very strong con- tensively by some authofd8,22. It is particularly interest-
straint especially when one is expecting a ladge So in any  ing for generating a large, . These are the models which do
model beyond the standard model, two requirements must bgot need to introduce additional fermions. Because the top
satisfied in order to obtain a measurablle The first one is quark mass is large, it is possible to generate a latge
that the model must provide, at the one-loop level and that through the coupling of the, top quark, and the correspond-
d, be not suppressed by a small fermion mass term; thég leptoquarkd, could be small enough due to the coupling
fermion mass term should be a top quark mass, supersynef the electron, top quark, and leptoquark being independent
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of that ford,.. As long as there is a relative large hierarchyline is two massive neutrinos, and v, in the mass basis
for the couplings for different generations, the two require-and they are related to each other:
ments can be satisfied. _
There are five types of scalar leptoquarks which can V4= COHv,y—Sindry,
couple to leptons and quarks. We denote themShyS,,

S;, Sy, and §5 Their quantum numbers under a standard

gauge group transfc;rmatlon are (32.(31-9), (312’%)3 We assume that, is the lighter neutrino and that the domi-
(3,1,— %), and (3,3~ 5)_, respectively. The Yukawa coupling nant contribution is from eithewy or v, depending on
terms are therefore given by whethervy, is heavier than the mass of, M, . Hered, is
evaluated as in Ed7) with Mg=Mycosfsing andV=M ,

if M,=My and with Mg=M »,COS0 sing and V=M if

— il i —1¢ TN = M,<My. Choosing \3,2=X3=1.0 and Mg=50 GeV,
Lo=(\2Quiim2l([j+ A UgriER)) S+ H.C., V=200 GeV, we have the numerical resudt=101°
e cm. Also in this model a hierarchy on the couplingand
N\’ for different generations is needed to keep a small enough
de, ., Ng> Nz and s>\ .

The existence of exotic leptons provides another possibil-
ity to generate a measurahbie. It can be realized in hori-
zontal modelq27]. With only three standard leptons, it is
impossible to obtain a large enough, because the largest
fermion mass in the loop im,. However, with some new
heavy leptons this model can provide a ladye The con-
straints from low-energy data can be avoided if one assumes
that the horizontal interaction is strong betweerand the

: exotic lepton, but it is much weaker in other sectors. A simi-
=§In(!\/|§/ VA+5 [22]. Currently thg constraints on mass and lar resultpondT as for the case with the fourth generation can
coupling of leptoquarks are relatively wegk3]. For lepto- be obtained.
quarks coupled only to a third generation, its lower mass  inay we should point out that for our purpose it is clear
bound is about 45 GeV with order of unit couplif@]. This 4,5y some new exotic heavy leptons are needed in the new
bound is from a leptoquark pair production from LEP experi- hysics models; however, even though there exist some

ments. On the other hand, with the leptoquark mass at th inds of models with some new heavy leptons, they are able

weak scale, the coupling is very weakly bounded too. In fac{0 eneratal, onlv from two-loop diaarami28]. and so the
the coupling could be as large as order of 1. If we takg e?y result iln int)éresting\jN but r?otld grame28], y
e T*

and\'* as 0'5. and the mass O.f leptoquark as 2(_)0 GeVand Generic MSSM. The generic MSSM contains 63 param-
assume a maxim& P or T violation phase, we estimate that ois ot including the parameters in the non-SUSY SM.

_ 19 - - , _no :
d,=2x10""" e cm, while de is determined by other cou- permionic superpartners of the ordinary bosons can be the
pling components, and so a smal} is not necessary N peayy fermions in the loop diagrams fy. It provides some

conflict "I"ith _ahlakr]gefdr inhthis model. o - new sources fo€ P or T violation. It is well known that the
Models with the fourth generation or other exotic [eptons.gjactron and neutron can acquire large EDNRS] in this

The SM with a fourth generation is another possible modej,qe| | fact, in order to obey the experimental bounds on
to generate a largd,. The heavy fo_urth—generatlon leptons d, andd,, some parameters in the model are strongly re-
may play a role of the heavy fermidh in the loop. HOW- gyicteq[30]. Ford, generation, it is dominated by a photino-
ever, it is well known that if the fourth generation exists, it | ,aqiated one-loop diagram. Both left- and right-handed
must satisfy the constraints from LEP experimd@®l. Here  gjentons also appear in the loop. The contributiod,térom

We propose a realistic model 'for this purpose. , this diagram is proportional to left- and right-handed slepton
!3e5|des the fourth-generatlon fermlons, Weials_o 'ntrOdUC?nixing matricesM , g= (A — u tanB)M, . A, is the matrix of
a right-handed neutrinog and a singlet scalan ~ with one g 51ySy_preaking parameters that appears in the SUSY
unit electric chargg¢25]. The new interaction terms are Yukawa terms of slepton coupling to Higgs doublets. Here
T M, is diagonal mass matrix of lepton mass. Usually it is
o assumed thad, is diagonal and the diagonal elements are
+H.c., (8) not much different for different generation; for example, in
supergravity-inspired modeld, is universal for three gen-
where);; is antisymmetric due to the Fermi statistiéd® is  erations[8], and therefore one can gét/d,=m._/m,. Us-
the Dirac neutrino mass from the standard Higgs vacuuning the experimental limid,<10 2° e cm, one concludes
expectation value. In this model three light neutrinos remairthat d_<4x102% ecm [31]. However, in the generic
massless and the fourth neutrino is mas$®@]. The con- MSSM all the elements oA, are free parameters, and so the
straints from LEP experiments and other low-energy databove constraint is not necessarily true. For example, if for
can be satisfied provided  is at weak scale or higher and some unknown reason the 33 componemois much larger
MP is not much smaller thaM . In the one-loop diagram than other elements, and tleterm is much smaller than the
contribution tod., %~ appears as the scaldr The fermion  SUSY-breaking scale, thesh, still can be larger than 1G?

vRr=SiNfv,+ cobvy . 9

L]_:()\IJ!Q_LH TzER]"")\iijU_RiILj)Sl‘F H.C.,

L3=\IDgil ;Ss+H.c.,
Ls=N{DRriEg;Ss+H.c.,
LSZ()\gQLII TZ;IE]) §5+ H.C.

Herel, andQ, are lepton and quark doublets, respectively,
andUg, Dgr, andEg are singlet quarks and leptons, respec-
tively. Individually only S; andS, contribute to the EDM of
leptons.

The ¢ factor in Eq. (7) is evaluated as ¢

L=\ i72|j777+)\i’E-|£iVR777+MRV;VR‘FMPV_UVR
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e cm andd, is in the allowed region. In this case can also
be expressed as E(7), but with Mg=m,, V=m%M g,
N33=\g=¢, and p=arg(M ERmY). The loop integrak was
4 times the function calculated some years ago in dealing
with d, in the MSSM known as the Polchinski-Wise function
[32]. Here m, and m, are photino and the third slepton
masses, respectively. We estimate tthat 10 1° e cm with f, f £
M, =100 GeV andV=200 GeV. @ (b)
As for other popular extensions of the SM, we would like
to point out here that, although they have some new sources
of CP or T violation, they cannot offer an observalie at
the TCF. These include multi-Higgs doublet mod@fiud-
ing a two-Higgs-doublet modg[3,33], left-right symmetric
models [34], mirror fermion models[35], universal soft

S

FIG. 2. The diagrams for decay.(a) is the contribution from
the SM and(b) is the contribution from new boson exchange.

in the 7 decay can be characterized by a dimensionless quan-

breaking SUSY modeld8], etc. In multi-Higgs-doublet tity
models electron$36] and neutrong5] may obtain a large *
: Im(AXA,)
EDM close to current experimental bounds through two-loop €= 3. (10)
diagrams, butl, generated in the model is quite below the |Aq|*+ A

TCF observable value. The reason is thatis proportional
m, instead of a large fermion mass. We estimate
d.<4x10 %' e cm [37] in this model. For left-right sym-
metric models, Nieves, Chang, and FaB] find that the

bound ford, is 2.4x10 %2 . It is the right-
Upper bound 1ord, 1S ecm. T 1S the rght or decay channel, are model dependent and generally quite

left-handed gauge boson in the loop as the role of $he f dq 1 ds detailed nf . h h
particle, while the right-handed neutrino is the virtual ferm- €°MP icated. It needs detalled information on the new phys-

ion particle in the loopd, in this model is proportional to IcS mode ar)d a lot of parameters enter into Fhe expression.
left- and right-handed gaTuge boson mixing angle. Though if his r_ngkeg Ita very !””“Ch involved task to write down these
is not suppressed by the small fermion mask (is a large quantities in a specific model beyond the SM. And the exact

right-handed neutrino masghe mixing angle is constrained CPdorI ThV|oI|3t|8n g.l]ffam't% (?xpretshsmg \]:yrlttden gown :‘_r|om a
to be smaller than 0.008Don2] from purely nonleptonic modet shoul Ie |deren rorgl € gefine ahove. ow-
strange decays. It leads to about a three orders of magnitu@€": s @ simple and reasonable estimation, the quantity

suppression. In the mirror fermion model, standard gaug&d- (11 can be used as an indication of how larg€ R or

bosons couple to ordinary leptons and the mirror lepton with! Violation may happen at variousdecays. Moreover, the
a mixing angle. It isZ and W bosons in the one-loop dia- amplitudeA, is usually much smaller thafy; because so far

grams, and the heavy fermion line is the mirror lepton. How-2!l the experimental data agree with the SM prediction very
ever, the mixing angle in this model is constrained by vari-Well. SO anA; term in the denominator can be neglected.
ous experiment§40] and, most stringently, by LEP data on YSiNg A; as the amplitude from boson exchange and,

Z— 7" [41]. The constraint from LEP data on the mixing from the new bosoiX exchange, we estimate its size,

angle is less than about 0.3. The resulting bound is

d,=<2.1x10 ?°e cm, which is a few times smaller than the e~ (42Gp) !
TCF measurable value. As we have mentioned above in the

universal soft breaking SUSY moded,<4x10 % ecm _ _ o
due to the constraint od,. The only alternative situation is Here Gg is Fermi constant ana, \" are couplings inA,.

Practically, physical quantity expectation values which are
used to reflec€P or T violation, like the expectation values
of CP- or T-odd operators, the difference between a partial
decay width of ar~ decay channel and its conjugaté

Im(AN"%)
—wz (12)

discussed above on the generic MSSM in this section. ~ From Eq.(12) one sees that the size 6 or T violation is
determined by the parameter INX'*)/M%. For different
. CP- OR T-VIOLATED =+ DECAYS models, this parameter is constrained by some other physical

processes. So the possible sizeCd? or T violation depends

As we have pointed out in the Introductio@P or T on the parameter region which is restricted in a specific
violation effects inr decays, if observed, must occur at tree- model.
level diagrams. That is the interference between the SM In Fig. 2 the final state fermions can be a pair of leptons
decay processes and new tree-level processesletays, in  and quarks besides,. It corresponds to pure leptonic and
which CP or T violation phases appear at the interactionhadronic decays respectively. At the quark level, the dia-
vertexes, provides the information @fP or T violation in  grams with a pair of quarks in the final states denote an
the 7 sector. Feynman diagrams of these processes can liclusive process; it includes all possible hadronic channels
shown as in Fig. 2, wherg, f;, andf, are light fermions. originating from quark pair hadronization. Some useful had-
X is a new particlgscalar or vector bosgrwhich mediates ronic final states such asm 37, K7, K7#, KK, and
CP- or T-violating interactions. The size @P or T viola-  p,a; can be used to measure the properties.dflowever, it
tion is always proportional to the interference of the tree-is often difficult to make a reliable quantitative prediction for
level diagrams. We denote the amplitudes for these diagran@P or T violation in exclusive hadronic decay modes, be-
asA, for the W boson exchange diagram, for the other cause of the uncertainty in the hadronic matrix elements. On
X boson exchange diagrams. The sizeCd? or T violation  the other hand, for the inclusive cases, one may make a more
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reliable quantitative estimation due to the fact that one has _ Im(A32\73%)

no need to deal with the hadronization of quarks in this case€( T_—>VTUS)2(4\/§GF)_1Sin0c—M2—$2>< 1072,
In addition, a QCD correction should not change the order of X (15)
the tree-level diagram evaluation as the energy scaler for

decay processes is around 1 GeV. In this section we onlynere g is the Cabibbo angles(7~ — v.us) is proportional
deal with the .d|aglrams' contalmng quark pairs inclusive. Sqq sind and is smaller thare(r— »_ud) because this pro-
the CP or T violation size we estimate below is for all the .5 is Cabibbo suppressed, even though the coupling is less

possible hadronic decay channels. In the last section we Wi@ nstrained than that of the Cabibbo-unsuppressed process.
comment on our results in exclusive processes. Because gf this estimation we expect thatP or T violation in

the scale of the- mass, its decay products can only be néu+nage models could be large enough for the TCF or in the
trinos, electrons, muons, and hadrons containing only lighher words TCF data can put a stronger direct restriction on
u, d, ands quarks as other heavy quarks are kinematicallyyho narameters of the model. However, if one assumes that
forbidden. Therefore there are not many possibilities for the,|| ihe couplings\ and\’ are at the same size irrespective of
X particle being the candidate for mediati@g or T viola- e generation indexes, then much more stringent bounds
tion in Fig. 2. In fact all possible choices are the following: oyist These bounds are obtained from experimental bounds
X being a leptoquark, charged Higgs singlet, doublet anq B(K, —ue), B(m—evy(y)), B(m—uv,(y)), and
triplet, a}nd double charged singlet. Now we come to discus?(MTiHeTi)/F(MTiHcapture) [18]. They aﬂre generally
these different cases separately. o _about five orders of magnitude smaller than the direct
Scalar Ieptoquarlf models. At the tree level it is ObV'OUSbounds. Therefore the size of tH@P or T violation is
that onlyS,, S,, andS; contribute tor decays. There are tWwo e<4x 10~7 which is far below the capability of the TCF.
types of decay processes at the quark levek v ud and Multi-Higgs doublet (MHD) models. With the natural
7—v,us. The e parameter is determined by*’\"*"* and  suppression of flavor-changing neutral current, it is neces-
A¥\"3 for these two types of decays, respectively, in mod-sary to have more than two Higgs doublets, so that there are
els 1 and 2 in Eq(8). For model 5 there i€ P or T violation at least two physical charged Higgs particl€® or T vio-
effect only in the second type process, which is determinegation may generally happen through the mixing of these
by A32\"3% _ A direct constraint on these parameters can beharged Higgs particles. We consider a multi-Higgs-doublet
obtained through comparing the theoretical valuemodel, say,n Higgs doublets. In this model there are
I'"(7—mv,)=(2.480:0.025)x 10 3 GeV and the mea- 2(n—1) charged and (2— 1) neutral physical scalars, since
surement value ol ®*(7—mv,)=(2.605-0.093)<10 **  only the Yukawa interactions of the charged scalars with
GeV[42]. Assuming that the real and imaginary parts of thefermions are relevant for our purpose. Following Grossman
coupling AX"* are approximately equal, one has, from[44]we write down the Yukawa interactions in fermion mass

T— v, [18], eigenstates as
Im(\3Ly 731 Re(\ 31\ /31 n _ _
o R 10 Gev Lo =\ZVZG: 3, [X(ULVMpDR) +Y,(UgMVDy)
X X -
(12) P +
+Zi(ILMgEg)]H;" +H.c. (16)

at the 27 level for models 1 and 2. And from—Kwv, 8 o000 Mo andMg denote the diagonal mass matrices
similar result can be obtained for all three models. Using the us D E
theoretical value T'™(7—Kup.)=(0.1640.036)x 10_139 of up-type quarks, down-type quarks, and charged leptons,

e (4243 and e’ messurement  vabe (SRR e Konmeieniauay manc
Io®(r—Kp,)=(0.149-0.051)x10° 3 GeV for the ! P ping arseIro 9
) ; of the charged scalars ar@P or T violation in 7 decay
7—Kuv, decay width we obtain : . X
processes is due to these couplings. How largeetle for
various 7 decay channels depends on the values of these
parameters. More precisely, in the pure leptonic decays the
size of CP or T violation is determined by In%;Z) with
(13 i#j and in hadronic decays it is determined by KrKJ-*)
and Im(Y;Z{). The three combinations of parameters are

at the 2r level. This constraint is less stringent due to theconstrained by various experimeris]. The strongest con-
large uncertainties il ®®{7— K v.). With these constraints, StraintonZ is frome-x universality in7 decay, which gives

one estimates the upper bound of thealue for the two  |Z|=<1.93M,; GeV~* for a Higgs boson masdly; of around
types of processes as 100 GeV. ImXZ*) is bounded from above from the mea-

surement of the branching ratio B(B—X7v,),
Im(XZ*¥)<|XZ|<0.2aM? GeV~? if My=<440 GeV. Fi-
- <4x10°2 nally an upper bound is given as IMZ")$|YZ|<1£) from
M the experimental data of the proceks’— =" vv. This
14 bound is obtained fot quark mass at 140 Gey44] and
My =45 GeV; however, for a differeril,, say, 100 GeV,

and this bound is expected not to change much. With these

||m()\32)\/3l*)| N |RQ)\32)\731*)|

7xX10°% GeVv
M M

L Im )\31}\/31*
e(r*av#d)z@ﬁeprl(—)
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bounds we can estimate tl@P or T violation size of the in the singlet model and
7 leptonic and hadronic decays. For the leptonic decay

7— wvv, we have the quantity Im(g.97;)

EA2(4\/§G|:)71 M2 (23)
1Im(Zz5)m,m,m, 1 m: . A
e=-———+——F=-_FIm(Z2Z*)<2x10 2 _ . .
2 M§ m, 2 M§j in the triplet model, respectively.
(17 For the singlet model we assume tliig}, is considerably

N . smaller thanf ,, so that one does not need to readjust the
Here the additional factom,/m. comes from the interfer- Fermj constanGg. This assumption is also consistent with
ence of left- and right-handed muon lines in the final statesghe constraint set by the universality betwe@and . decay
So we expect that the P or T violation effect in the process [25,45. The parameter Inf(ﬂfﬁ)/l\/lﬁ is constrained only by
7—evv is suppressed by a factar./m, and is negligible. e measurement of leptonic decays. At the @ level
For the hadronic decay—ud» we have (which is about 2—3 % precisidnve estimate approximately
Im(f,,f¥)/M2<10"® GeV~2 [46]. It implies that

1 mdﬁd _4
€=~ ——Im(XZ*)<3Xx10™* (18
2 MH Im(f’rlfl*T)
eh:(4J§GF)—1—M2—s1.4>< 1072, (24)
With the currend quark massny=7 MeV and the dynami- h

cal d quark massmyg=300 MeV. For hadronic decay

r—Uusv a similar result is obtained: with M;,=100 GeV. Therefore in this model there is a pos-

sibility that theCP or T violation effect may show up with a
1 mgmg . size reachable at the TCF in pure leptonic decay channels.
€= I\/I#Im(XZ*K 1.5x10 °. (19 For the triplet model the direct constraint is also from the
H measurement of pure leptonic decays. The same result is
obtained as that in the singlet model, i.e.,
Im(9,,0F)/M2<10"° GeV~2. As a result of this constraint
one has

Here we use current and dynamicabuark masses as 150
MeV and 400 MeV, respectively. In summary, in the multi-
Higgs-doublet modeCP or T violation effect is possibly as
large as the order of 1§ for exclusive hadronic decays and | *
it could bg even close to 18 in pure leptonic decay tg 6h2(4\/§GF)_1M$1'4X 1072, (25)
and neutrinos. M3
Other extensions of the SM for pure leptonic decays. Be-
sides leptoquarks and Higgs doublets, there are three othafith M =100 GeV. However, in this model the new inter-
kinds of scalars which can couple to leptons. We dehag actions will induce lepton family-number-violating decay
a lepton doublet ané& as a singlet lepton. Twb can com- 7— 3l and u— 3e through exchange of the double charged
bine to a charged singlet or a triplet. Tilocan combine to  scalar particleA™ ~. Without seeing any signal, one obtains
a double charged singlet. Corresponding to these three casegme approximate bounds on the coupling constanfdds
one can introduce a charged singlet scalar triplet scalar
A, and double charged scal&™ ~. However,K™~ only |9Me93 _
induces a le ily- -violati —yZ =5x107* (26)
pton family-number-violating process-3l. M
. . . . . A
There is no diagram corresponding SM contribution, and so
there is noCP or T violation mediated by this particle. Also g q
the branching ratio€10°) for this decay is much smaller
than the TCF reachablf@P or T violation precision 10°. In lg.40%|
principle, if there exists more than oeor A, CP or T >
violation can be induced by the interference of Wheex- M3

h di rd or A h di in th i
change clegram arior & exchange diagram in the process for M,=100 GeV. If one assumes that all the couplings

7—lvv with | =e, . Now let us discuss these two possibili- .
ties in detail. We can write down the new interaction terms3ij 8¢ 6?‘ the same Ofd‘?f Of. magmtude, then these _b_ounds
which couple the new scalar particles to leptons as will restrict theC.P or T violation size fqr belov_v the ability
of the TCF. Again we see that some hierarchies on the cou-
Ly=4f,1T,Cirl;h+H.c., (200  Plings are needed for this model to give rise to observable
CP or T violation effects. Additionally in the triplet model
one has to avoid the restriction from neutrino mass genera-
tion [48]. If a neutrino develops a mass at the tree level,
either the coupling or the vacuum expectation value of the
neutral component of the triplet® is extremely small. The
atural way to deal with this problem is to impose some
ymmetry on this model. An example is to introduce a dis-
Im(f ,f%) crete symmetry:
—z (22 _ _
Mi |—il, E—iE, A——A, (29

<108 (27)

La=3g;lTiCirrl;A+H.c., (21)
whereC is the Dirac charge conjugation matri; is anti-

symmetric, andy;; is symmetric due to Fermi statistics. The
e parameters for these singlet and triplet models are given b

€n=(42Gg) *
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With this symmetry, A° will never develop a nonzero future. For instance, through this paper we assume that
vacuum expectation value; therefore, the couplings are ndEDM'’s as large as 10'° e cm ande as large as 10° can be

constrained by the neutrino mass generation. observed. This of course is a rough estimation. To be more
precise, a Monte Carlo simulation is needed, which will tell
IV. DISCUSSION AND CONCLUSION us more confidently how largEP or T violation is able to

] _ _ ) ~ be observed at the TCF. Especially the Monte Carlo simula-
In this work we systematically investigated the possibility jon on EDM's of 7 will give us a quite clear result, because
of finding CP or T violation in the 7 sector with the TCF. i thjs case thel. is the only parameter we should treat. All
The or|g|n_ofCP or T violation is from the extensions of the the model dependence is included in it. Recently a group of
SM. We discuss most of the popular models beyond the SMyegple analyzed the data from BEPC experiments to set
and present the models which may give rise la@fé or T ounds on tha-violating effect for ther system[49]. Fol-
violation in the 7 sector through either EDM’s or decay of lowing a suggestion by Lee, they considered the pure lep-
the 7 lepton. Before making our conclusion, some interestinggnic +* decays toe* 1~ plus neutrinos in the final states.

points should be further discussed or emphasized. The T-violating amplitude
(1) Polarization of initial electron and/or positron is very
desired for our purpose. First, with polarization the precision A=(Po- (P1X P2)) (31)
e average

of measurement of EDM’s will be increased by about two

orders of magnitude, as 18&° e cm, which is used through is measured. wherd. is th it t ¢ f th

this work. Without polarization, from our above discussion.” . . ’ Pe 1S the unft momentum vector of the

one sees that we have no hope to expect a detectable EDM mijt'a.l electron beam, anp, andp, are the u.n|t momenta of

7 at the TCF. Second, in some decay channels without a fina € final state electron an_d rmuon, _respectlvely. In total, 432
) . . events are analyzed and it results in

state interaction, such as pure leptonic decays, two-body de-

cayswv,, etc., polarization is needed to search @P or

T violation occurring at the decay vertex. With unpolarized

electron and positron beams ti&P or T violation could . _ o

only be detected using channels with a final state interactiod his result agrees with n@ violation as expected from our

phase, such asv,, etc. previous discussion on pure leptonidecays.

(2) For hadronic decay we only consider inclusive pro- (4) In order to generate detectable la@® or T violation
cesses. The advantage of inclusive processes is that one dd&dfects, we know from our investigation that there must exist
not need not to consider the hadronization of quarks, whictew physics and the new physics scale is not far above the
may bring in large uncertainties in the estimation. And theweak scale. Therefore, if there is an observaBle or T
event number in inclusive processes is larger than that iNi0|ati0n effect in ther sector at the TCF, the associated new
certain exclusive processes. However, we should mentioRhysics phenomena should be observed at high-energy ex-
that for certain exclusive decays tP or T violation pa- periments, such as LHC and LEP I eXperimentS. It is inter-
rametere can be larger than that in inclusive decay. Oneesting to see if the new particles predicted by the various
example is from the multi-Higgs-double model. We estimatemodels we have discussed in this paper are indeed detectable
that e<3x 10~ for the decayr—udw,. Here we may also in these high-energy experiments. _ _
consider the exclusive decay-3v.. contributed bya; and (5) Precise measurement of the pure leptonic decay is
7' resonances. Compared to inclusive decay,digaram- ~ a@nother way to test the new physics responsibledér or

eter is |arger by a factor (ﬁJS"']g current a|gebra re'atibn T violation. Since if there -iS &Por T.Violation effe(?t at the
level of 10 3, the 7 leptonic decay width must deviate from

(olu dg|7") m,. the SM prediction at the same level. So we expect to observe
— = =100. (29 the deviation by measuring the branching ratio of the pure
(ofuLyedi|@') Myt My ; y gt g ; P
leptonic decay. However, it is not trudce versa since a
Soe<3x10 2 is obtained. However, on the other hand, thedeviation of the leptonic branching ratio from that of the SM
event number decreases by a factor of does not necessarily indica@P or T violation.
Finally we come to our conclusion. There exists the pos-
f B(r—mv,) s sibility that CP or T violation in ther sector is large enough
f_ B(7—hadron+ v,) =10"" (30 to be discovered at the TCF, although for this large violation
effect some specific new physics phenomena beyond the SM
Heref_,=5x10° GeV is used. Therefore the statistical er- are needed and the parameter spaces of the models are
ror increases by about 10 times. In other words the measurstrongly restricted.
ment precision at the TCF for this channel is about2 s
a res_ult, at the @ I_evel e=3X10 2 is observable. This es- ACKNOWLEDGMENT
timation agrees with the exact result of REE8].
(3) Obviously the numerical result we obtained above is This work was supported by the National Science Foun-
guite crude. A more accurate estimation is necessary in théation of China(NSFQ.

A=-—0.027+0.031*=0.006. (32
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