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1. Introduction

Searches for rare-decay processes have played an important toke development of the
Standard Model (SM). The absence of flavor-changing neutraécu(FCNC) inK decays im-
plied the existence of charm quark, and the observatios® ef B® andBs — Bs mixings (FCNC
processes) signaled the very large top-quark mass. The study of € R&s been focused on
rare decays involving transitions suchsas: dl*1—,s— dvv, b — sy, andb — 7] ~.

In contrast with the< andB FCNC processes, tH2 meson FCNC transitions are mediated
by light down-quark sector, which implies an efficient Glashow-lIliopotNt&ani (IM) cancella-
tion. In this caseP® mixing, as well as FCNC decays are expected to be very small in the SM
short-distance contributions. Many extensions of the SM may enhance tivggmakxe and FCNC
processes in the short-distance of ihaystem by orders of magnitudes. Unfortunately, the new
physics contributions are diluted by large long-distance contributions velnechkely to dominate
over the SM short-distance effects. For example, the charm radiatoaysl® — hy, whereh
denotes a light hadron final staf¢ [1], are completely dominated by hadnooéctainty. However,
semileptonic decays suchas- ul |~ may be used to constrain the new physics since one can look
at the new physics contributions to the whole kinematics to which the new physicsontribute
in the region away from the resonance-dominated (long-distance domjimatgdn [2,[B]. Al-
though the long-distance effects dominate Efemixing rate, the recent experimental bounds can
still be used to constrain the new physics space. Purely leptonic flavatimgp(LFV) modes such
asD? — p*et andD — hutet, as well as lepton-number violated (LNV) modas — h~etet
, are completely not allowed in the SM, they are "smoking gun" for new physarches. In this
paper, we report the recent measurements of rare and forbidden deaays from CLEO-c, and
discuss the prospect of these decays at the BES-III experiment. Aacmoip betweeB factories
andrt-charm factories are also presented.

2. CLEO-c and BES-III for charm flavor physics

The Cornell Electron Storage Ring (CESR) had been upgraded to CE#iRthe installation
of 12 wiggler magnets to increase damping at low energy. The CLEO-ctdeisca minimal
modification of the well understood CLEO-III detector. It is the first moddetector to operate at
charm threshold. The CLEO-c has accumulated a total of 28% aty (3770 peak (1.8 million
DD pairs) and 200 pbt at \/s= 4170 MeV forDs physics. CLEO-c expects to take data until
April 2008 and will approximately triple each data set by that tifje [4].

The BES-IIl detector is designed for tkee™ collider running at the-Charm energy region,
called BEPCII, which is currently under construction at IHEP, Beijing, ERina [$]. The accel-
erator has two storage rings with a circumference of 224 m, one for etestich one for positron,
each one with 93 bunches spaced by 8 ns. The total current of the ibea88 amp, and the
crossing angle of two beams is designed to be 22 mrad. The peak luminosityeistex to be
10°3cm2s! at the beam energy of 1.89 GeV, the bunch length is estimated to be 1.5 creand th
energy spread will be.56x 10~4. At this moment, the LINAC has been installed and success-
fully tested, with all specifications satisfied. The storage rings have bstalléu, and will be
commissioned for synchrotron radiation run by the end of the year.
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The BES-III detector consists of a He-based small cell drift chambere-Df-Flight (TOF)
counters for PID, a CsI(TI) crystal calorimeter, a solenoidal supadacting magnet with a field
of 1 Tesla and the return yoke interleaved with Resistive Plate Chambe@) @@Rnters acting
as muon chamber. The construction is expected to be completed in the middlé7of RBoton
energy resolution iAE/E = 2.5% atE, = 1.0 GeV. The momentum resolution & /p = 0.5%
at p = 1.0 GeVk, and thedE /dx resolution for hadron tracks is about 6%. The time resolution of
TOF is about 100 ps, combining energy lod& (dx) measurement in the drift chamber gives 10
o K/mresolution across the typical kinematic range.

Table 1: T-Charm productions at BEPC-II in one year’s runningd&0

Central-of-Mass energy  Luminosity #Events
Data Sample (MeV) (Bem?s1)  peryear
J/yY 3097 0.6 10< 1¢°
ThT 3670 1.0 12¢ 1¢P
Y(29) 3686 1.0 D x 10°
p°p° 3770 1.0 18¢ 10P
D*D- 3770 1.0 14< 10P
D&Dg 4030 0.6 10x 10°
D{Dg 4170 0.6 20x 10°

The BES-IIl can accumulate 2010° 3/, 3x 10° (2S) , 30 million DD or 2 million DsDs-
pairs per running year as listed in Taple 1, respectively, when it is tumeah at resonances in
2008 [6]. Coupled with what is available at CLEO-c, the BES-III will makgdssible for the first
time to study in detail the light hadron spectroscopy in the decays of charmatates and the
charmed mesons. In addition, about 30 millPDB pairs will be collected at BES-IIl in one year at
(3770 peak. With modern techniques and unprecedented high statistical data s&egplehing
for rare D, Charmonium and tau decays will be possible, such as LF\LldNddecays, invisible
decays.

3. Rare charm decays from CLEO-c and prospect at BES-III

With 1.6 million chargeds, the CLEO-c collaboration has searched for the FCNC decays
Dt — mfete andD"™ — e"e ", and the LNV decayP™ — mete" andD™ — K~ete™ (charge-
conjugate modes are implicit throughout this papfr) [7]. For each caeditteay of the form
D+ — h*efet, whereh is eitherm or K, the energy differencAE = Ecang — Epeam IS cOmputed
and the beam-constrained mass differefiecg; = / Egeam — | Beand|? — Mp+, whereEcang and Beang
are the measured energy and momentum ohtreet candidate Eyean is the beam energy, and
mp+ is the mass of th®* meson. Events with* candidates satisfying 30 MeV < Amy < 30
MeV and -100 MeV< AE < 100 MeV are selected for further study. Within this region, the signal
box is defined as-5 MeV < Amy. < 5 MeV and -20 MeV< AE < 20 MeV, corresponding te-30
in each variable, as determined by MC simulation. The remainder of the céad@aaple was
used to assess backgrounds.
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Figure 1: Scatter plots of\my; vs.AE obtained from data for each decay mode. The signal regidimedke
by —20 MeV < AE < 20 MeV and—5 MeV < Amy: < 5 MeV, is shown as a box. The two contours for
each mode enclose regions determined with signal MC simuakato contain 50% and 85% of signal events,
respectively.

Candidates for the decay of the long-distance d&xay- " @ — m"ete™ are selected using
the mass squared of the final-state~ (equal to they? of the decay), with 0.9973 GE\K nZ. . <
1.0813 Ge\f defining theg-resonant region. This region is used both to veto the long-distance
Dt — @m™ — meTe” contribution and to measure its branching fraction. Backgrounds in the
Dt — h*eTe' candidate sample arise from bddD and nonbD sources. A detailed analysis of
backgrounds can be found in Rd]i. [7].

CLEO-c results show no evidence for signals, the 90% confidenceuppel limits are set as
below:

#(Dt — mtete”) < 7.4x10°°
#(D* — metet) < 3.6x10°°
#(DT - Ktete ) < 6.2x10°°
B(Dt — K etet) < 45x10°°

these results for these dielectron modes are significantly more restrictivertigous limits, and
reflect sensitivity comparable to the searches for dimuon moflds [16].tdike dominance of
long-distance effects in FCNC modes, they separately measure the ingafreletion of the reso-
nantdecapp™ — i @ — mete, obtainingZ(DT — o — mteteT) = (2.7735+0.2) x 1075
This is consistent with the product of known world averggé [16] bramchractions, 2(D+ —
et — mrete”) = B(D' — Q) x B(@ — ete”) = [(6.2+0.6) x 1073] x [(2.98+ 0.04) x
1074 = (1.940.2) x 10°5.

With 20 fb~! data aty(3770 peak with the BES-III detector, the sensitivity of the measure-
ments of the rare charm decays are summarized in THbles[2 an®3 fmdD°, respectively. For
most of them, the sensitivities can be at the order of1The current best experimental limits are
also listed in the tabldg 2 apfi [3 [6].

4. D — D% Mixing, CP Violation at BES-III

With the design luminosity of §cm~2s~1, BES-III will have the opportunity to probe for
possible new physics which may enter up-type-quark decays. It ircksgrches for charm mix-
ing, CP violation and rare charm decays. The BES-IIl charm physics progiso includes a
variety of measurements that will improve the determinatiog;@f/ from B-factory experiments.
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Table 2: Current and projected 90%-CL upper limits on r@re decay modes at BES-IIl with 20 i} data
at (3770 peak. We assume the selection efficiencies for all modes 85%e

Reference Best Upper BES-III

Mode Experiment  limits(10°) (x1078)
metfe- CLEO-c[]] 7.4 5.6
mhutu~ FOCUS[B] 8.8 8.7
mtutes  E791 (9] 34 8.3
mete’ CLEO-c[]] 3.6 5.6
mutut FOCUS[B] 4.8 8.7
mutet  E791[9] 50 5.9
Ktete CLEO-c[] 6.2 6.7
Ktutu~ FOCUS[B] 9.2 10.5
Ktutes E791 9] 68 8.3
K-efe® CLEO-c[]] 45 6.7
K-utut FOCUS[B] 13 10.4
K-ute™ E687 [10] 130 8.3

Table 3: Current and projected 90%-CL upper limits on r@®decay modes at BES-IIl with 20 fB data

at (3770 peak.

Reference  Best Upper BES-III
Mode Experiment  limits(10%) (x10°9)
vy CLEO[12] 28 5.0
utu DO [I4] 2.4 17
utes E791 [9] 8.1 4.3
ete” E791 [9] 6.2 2.4
mutu- E653[1%] 180 12.3
mutet CLEO[D3] 86 9.7
mete CLEO[I3] 45 7.9
Ksutp~ E653[5] 260 10.6
Ksute~ CLEO[I3] 100 9.6
Ksete~ CLEO[13] 110 7.5
nutu- CLEO[I3] 530 10
nute  CLEO[13] 100 10
nete-  CLEO[I3] 110 10
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The total number of charm mesons accumulated at BES-III will be much sntfadlerthat at the
B-factories which are about 500 milliddD pairs for each of them. However, the quantum correla-
tions in they (3770 — DD system will provide a unique laboratory in which to study charmh [17].

4.1 D — D° Mixing

D — D® mixing within the SM are highly suppressed due to GIM mechanism, thus, at BES-
searches for neutral charm mixing &# violation in the charm decays may be essential to search
for some intriguing signals due to new physics.

The time evolution ofd® — D° system, assuming nGP violation in mixing, is governed
by four parametersx = Am/I" andy = Al /2I" which are the mass and width differencesDof
meson mass eigenstates and characterize the mixing matitivg relative strong phase between
the Cabibbo favourite (CF) and the doubly-Cabibbo suppressed (Bx@88ljtudes andp the DCS
decay rate relative to the CF decay rate. The mixing Rateis defined as}(x? +y?). The SM
based predictions for andy, as well as a variety of non-SM expectations, span several orders of
magnitude L[]8 19] which is ~ y ~ 10-3. Presently, experimental information about charm
mixing parameterg andy comes from the time-dependent analyses.

At the B factories, the wrong-sign (WS) proceBs—~ K* 11, is used to extract thB® mixing
parameters by fitting the time-dependent decay rates. The WS procgz®caad either through
direct doubly-Cabibbo-suppressed (DCS) decay or through mixitayfed by the right-sign (RS)
Cabibbo favored (CF) decap® — D° — K*m~. The two decays can be distinguished by the
decay-time distribution. FdK|, |y| < 1, and assuming negligib&PV, the decay-time distribution
for D° — K* 1 can be expressed as

X/2 4 yz

Rws(t) = e (R +vRoy (I't) + (re)?), (4.1)

wherex' = xcosd + ysind andy’ = —xsind +ycosd, andd is the strong phase between the DCS and
CF amplitudes. Recently, a time-dependent analyd i K1t has been performed based on 384
fb~1 luminosity atY(4S) by BaBar experimen{]20]. By assumi@ conservation, they obtained
the following neutraD mixing results

Rp = (3.03+0.16+0.10) x 10 3,
X* = (—0.2240.30+0.21) x 103,
y = (9.7+4.4431)x 103 (4.2)

The result is inconsistent with the no-mixing hypothesis with a significance9aftandard devia-
tions. The results from BaBar and Belle are in agreement within 2 standsiation on the exact
analysis ofy measurement by usirg — Krras listed in Tabl§]4.

At (3770 peak, to extract the mixing parametgrone can make use of rates for exclusive
DPDP combination, where both tHg° final states are specified (known as double tags or DT), as
well as inclusive rates, where either the or DY is identified and the othdd® decays generically
(known as single tags or ST) J17]. With the DT tag techniqué [2}, 25], carefully consider
the quantum correlation i€ = —1 andC = +1 D°D° pairs produced in the reacti@ie™ —
D%DO(nmP) ande* e~ — D°DOy(nmP) [P8, [2T.[IF], respectively.
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Table 4: Experimental results used in the paper. Only one error isagljove have combined in quadrature
statistical and systematic contributions.

Parameter BaBar (x10°%) | Belle(x10 %) Technique
X -0.224+0.37 [20] | 0.18°92L [p7] K
y 9.7+5.4 [20] 0.6759 [2] K
Ro 3.03+0.19 ] 3.644+0.17 @] Krm
yep - 131+41 03] | KK, mhm
X - 80+343] | Ker'm
y - 33423823 Ksrrt m

For the ST, in the limit oCP conservation, the rate &° decays into £P eigenstate is given

as [IT]:

M, = (D%— fy) =2A% [1—ny],

(4.3)

where f, is aCP eigenstate with eigenvalug = +1, andA;, = |(f,[.|D%]| is the real-valued

decay amplitude.

For the DT case, Gronaat. al. [2§] and Xing [29] have considered time-integrated decays
into correlated pairs of states, including the effects of non-zero fintd ptease difference. As
discussed in Ref[]28], the rate @{D°)=—1 — (I1X)(fy) is described ad28]:

Mty = FI0HX)(F)] = AZXAT (1+Y)

~ AI2i X A%,] )

(4.4)

whereA -y = |(I*X|.2#|D%| is real-valued amplitude for semileptonic decays, here, we negflect

term sincey < 1.

For C = —1 initial DD state,y can be expressed in term of the ratios of DT rates and the
double ratios of ST rates to DT ratds|[17]:

1

y= 1 (rl;fJ_f B rl;fru)
A\Tpe Ty, T Me )7

(4.5)

For a smally, its error,A(y), is approximately 1,/Ni+x, whereN-x is the total number ofl £X)
events tagged witlcP-even andCP-odd eigenstates. The numbidry of CP tagged events is
related to the total number &°D° pairsN(D°DP°) throughNy=x ~ N(D°D°)[#(D° — I+ + X) x
B(DP — L) X ag] = 1.5x 10-3N(D’DP), here we take the branching ratio-times-efficiency factor
(#(D° — f.) x &qg) for taggingCP eigenstates to be about 1.1% (the total branching ratio into
CP eigenstates is larger than about [16]). We find

+26

Aly) =

N(D°DY)

==+0.003

(4.6)

If we take the central value gffrom the measurement g¢p at Belle experimen{[21], at BES-III
experiment, with 20 fb! data at(3770) peak, the significance of the measurement céuld be
around 4.30 deviation from zero[[30].
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We can also take advantage of the coherence dbfhmesons produced at thjg(3770 peak
to extract the strong phase differentdetween DCS and CF decay amplitudes. Becaus€fhe
properties of the final states produced in the decay ofitf8&770) are anti-correlated [26, 7], one
DO state decaying into a final state with defir@® properties immediately identifies or tags R
properties of the other side. As discussed in Rel. [28], the processaid® decaying toK ~ 7+,
while the otheD® decaying to &P eigenstate, can be described as

Mty = (0K ()] ~ AZA, [1+n/Roe 92
~ APAZ (1+2n+v/Rocosd),
4.7)

whereA = |(K~ 1t |57 |DO)| andAs, = [(fy |.7#|D%)| are the real-valued decay amplitudes, and we
have neglected thg’ terms in Eq.[(4]7). In order to estimate the total sample of events needed to
perform a useful measurement®fone define[[2g] 1] an asymmetry

_ rKTl‘,f+ - rKrr,L
p— —’
Mkme, + Tkt

wherel k1. is defined in Eq.[(4]7), which is the rates for tip¢3770 — D°DP configuration
to decay into flavor eigenstates an€CB-eigenstates,. Eq. (4.]) implies a small asymmetry,
o/ = 2,/Rpcod. For a small asymmetry, a general result is that its etef is approximately
1/v/Nk-r+, whereNg -+ is the total number of events tagged w@F-even andCP-odd eigen-
states. Thus one obtain

(4.8)

1
2y RovNe—r+

The expected numbedy .+ of CP-tagged events can be connected to the total numbBPbf
pairsN(D°DP) through [2B]

A(CoD) ~ (4.9)

Nk =~ N(D°D?)B(D° — K~ 11") x B(D° — f.) X gag ~ 4.2 x 107 *N(D°DP)

here, as in Ref[28], we take the branching ratio-times-efficiency fagt@° — f..) x &g = 1.1%.
With the measure®p = (3.03+0.19) x 10~ and#(D° — K~ ") = 3.8% [L16], one found[[28]

+444
/N(DODO)
At BES-III, about 72x 10° DD pairs can be collected with 4 years of running. Considering both
K-t andK™ rr final states, we thus estimate that one may be able to reach an accuraoytf ab
0.04 on co8.

At BES-Ill, the measurement dRy can be performed unambiguously with the following
reactions[[26]:

A(CoD) ~ (4.10)

(i) ete” — (3770 — DD — (K*mF)(KEmT),
(i) e"e” — (3770 — DD% — (Ke"v)(K ev),
(iii) e"'e- =D D" — (K'm ) (g [K e v)).
(4.11)
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Reaction(i) in Eq. (4.I]L) can be normalized @°D° — (K~ m")(K* ), the following time-
integrated ratio is obtained by neglecti@B violation:

N[(K-m") (K- mh)]  x2+y?
N[(K-mH)(Ktm )]~ 2

= Ru. (4.12)

For the case of semileptonic decay,(a$in Eq. (4.11), we have

N(|i|i) B x2+y2

NEBI = Ry, (4.13)

In the limit of CP conservation, by combing the measurements iof D° — Ksrrr andycp
from Belle, one obtaiRy = (1.18+0.6) x 10~*. With 20 fo~! data at BES-III, about 12 events for
the preces®’D® — (K*7F)(K* ") can be produced. One can observe 3.0 events after consid-
ering the selection efficiency at BES-III, which could be about 25%tferfour charged particles.
The background contamination due to double particle misidentification is al®avént with 20
fb~! data at BES-II [3L].

4.2 CP Violation in D System

For the direcCP violation, the SM predictions are as large as 0.1%D8rdecays, and 1%
level for D* andDs decays[[32]. At BES-IIl, one can also look@P violation by exploiting the
quantum coherence at thig3770). Consider the case where both 1B and theD° decay into
CP eigenstates, then the decay&3770 — fL f\ or fi ! are forbidden, wheré, (f_) denotes a
CP+- eigenstateP— eigenstate). This is becauSB(f. f.) = CP(f.)CP(fL.)(-1)! = —1, while,
for thel =1 (3770 state,CP(¢(3770) = +1. Thus the observation of a final state such as
(KTK™)(mrt ) constitutes evidence &P violation. For(K*K™)(rrtm~) mode, the sensitivity
at BES-Ill is about 1% level. Moreover, all pairs of tB€ eigenstates, where both eigenstates are
even or both are odd, can be summed over folQReiolation measurements at BES-III.

5. Summary

In summary, the rare charm decays are searched for at CLEO-cvitlEnee is found either
for the rare (FCNC) decays or for the forbidden (LNV) decays @rgedD mesons to three-body
final states with dielectrons. The sensitivities of the rare charm decayz@sented by assuming
20 fb~1 at (3770 peak with BES-III detector. The measurements at BES-I1I for theged@zays
can be at the level of 1§. The sensitivities for the neutr@ mixing andCP violation are also
studied, we find that sensitivity for the lifetime differengecan be 0.003 with 20 fo' data at
Y(3770 peak, and the significance will be 4a3if y is at 1% level.
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