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Introduction 

The Tau-Charm Factory is described in detail in these proceedings by M. Perl.‘) Briefly, 

we assume an e+e- collider operating between m = 3.0 and 4.4 GeV/c2 with a luminosity 

L - 1O33 sec- - ’ that peaks at about 4.0 GeV/c2. We assume that with a dedicated injector, 

the injection time can be optimized against beam lifetimes to allow us to run the machine 
. 

with Lpeak M Lavg . 2, We therefore choose 5000 hours of fully efficient data-taking as our 

definition of one running year at each energy.3) 

Three distinct center-of-mass energies (3.770, 4.028, and 4.140 GeV/c2) are chosen for 

the study of charmed meson production. The production cross sections and rates are summa- 

rized in Table I. 

Table I. Charm production cross sections and 
event rates. 

Center-of-Mass Produced Cross Pairs 
Energy Species Section Produced 

(GW4 bb) (x10-‘) 

3.770 DO8 5.8 f 0.8 5.0 

3.770 D+D- 4.2 f 0.7 4.0 

4.028 D,B, 0.7 f 0.2 1.2 

4.140 D,D’ 0.9 f 0.2 1.6 

In addition, the option to run just below Do8 threshold at 3.728 GeV/c2 exists, to 

provide information on backgrounds that would otherwise introduce systematic uncertainties 

by requiring detailed reliance on fragmentation Monte Carlos. 

There are three primary reasons for studying charm at or near threshold, as opposed 

to studies in the continuum. First, as seen in Table I, production cross sections of charm 

are large and well measured.4) Charm production at higher energies in e+e- is smaller (see 

Table II) and production is not exclusive. 

Second, the production processes near threshold are all esclusive in nature. Just above 

threshold, all production is pairlike with no extra particles in the fragmentation chain. This 

implies low combinatoric backgrounds and, more importantly, the unique pair-production 
-A’ 
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Table II. Charm in the continuum and at the T(4S) for J Ldt = 
1040 cme2 . 

Species Continuum Produced Produced Tau-Charm 
Cross Section Q~ = 2.66 nb UbE2.30 nb Year . 

w (x10-7) (x10-7) (x10-7) 

10. 

8.0 

3.2 

kinematics. These kinematics may be exploited to separate noncharm from charm events as 

well as providing the essential background rejection (in addition to that attainable without 

the need- to construct highly specialized detectors) for the proposed study of rare processes. 

Finally, only at low energy is full knowlege of all physics backgrounds both possible and 

independently verifiable by small changes in center-of-mass energies. 

The primary techniques employed in most studies of charm near threshold are either the 

single or double tagging method. In the single tag technique, one charmed meson is tagged by 

reconstructing its mass. Once one meson is tagged, the recoil system is a priori known to be 

another charmed meson with a known charm (e.g., flavor tagged), and by kinematics, a known 

4-momentum. Backgrounds that might exist in studying properties of the recoiling system are 

suppressed in two ways. First, the event has been charm enriched by selection of the tag, hence 

noncharm backgrounds are severely reduced. It is reasonable to assume that one can achieve 

a contamination in the tag sample of 2 1O.%.5) Second, by reconstructing one-half the event 
‘. 

as a tag, the combinatorics in the recoil half are significantly reduced. Unlike vertex-finding 

(proposed to reduce combinatorics at higher energies), there is no confusion here from tracks 

in the first half of the event. This reduction means that it is reasonable to assume that in 

most analyses, one can achieve combinatoric backgrounds very close to zero, 6, after suffering 

only a small and known loss of signal efficiency due to the tagging requirement. 

Double tagging means that all or part of both mesons are reconstructed in an event. 

The strength of double tagging is that an additional mass constraint (the second meson) is 

added. Searches with one missing particle per event (for example, a neutrino) only then 

become possible. 



Achieving the high levels of background suppression by tagging while still retaining 

sensitivity to rare processes, implies the need for high tagging efficiencies through an optimized 

detector design. 

i 
Table III. Well-established single tag modes. 

Do+ BR z # DET/yr 

K-T+ 0.042 0.61 2.7 x lo6 

iA0 0.020 0.10 2.1 x 105 

K” w+7r- 0.064 0.14 9.4 x 105 

K-T+7P 0.130 0.22 3.0 x 106 

K--?r+T+Tf- 0.091 0.35 3.3 x 106 

Pqs 0.010 0.03 3,.1 x 104 

7r+7r- 0.002 0.76 1.6 x lo5 

K+K- 0.005 0.48 2.5 x lo5 

K-7r+7f07ro 0.149 0.08 1.2 x 106 

Total 1.2 x lo7 

D++ 

K"w+ 0.0320 0.17 4.1 x 105 

K-T+T+ 0.091 0.53 3.6 x lo6 

3 7r+7r” 0.130 0.06 5.9 x 105 

KV7r+*--7r+ 0.066 0.07 3.5 x lo5 

K+K-w+ 0.011 0.42 3.5 x lo5 

??I(+ 0.010 0.14 1.1 x 105 

K-r+a+?r-T+ 0.007 0.08 4.2 x lo4 

Total 5.5 x 10s 

Ds + 

dr+ 0.030 0.14 1.1 x 105 

S*T+ 0.009 0.44 1.0 x lo5 

K"K+ 0.030 0.22 1.7 x 105 

v+ 0.080 0.12 3.4 x 105 

K"*K+ 0.030 0.14 1.1 x 105 

Total 8.3 x 105 

Table III summarizes the expectation for single tagging capabilities per year, in a de- 

tector only modestly improved in solid angle and particle identification over the Mark III. 



The overall efficiency for tagging Do is conservatively estimated to be N 12%, for D+ - 7% 

and for D, N 3%. With improved photon detection efficiency, an additional factor of two in 

tagging efliciency may be possible. 

The Pure Leptonic Decays 

The pure leptonic decays of heavy mesons is at present a largely unexplored field. The 

diagrams for these decays are shown in Fig. 1. The partial width for these processes is 

proportional to the product of the weak hadronic current (Jhodronic) and the leptonic current 

(J leplonic). The axial vector current Jhadronic is defined by the Van Royen-Weisskopf equation: 

< o 1 Jhaadronic 1 D+ >= iVCdPafD , 

in terms of the weak decay constant fD oft: he D meson. The weak decay constant fD is thus a 

fundamental constant which characterizes the degree of overlap of the heavy and light quarks 

in the meson. It contains all the QCD corrections which modify the Wqq vertex from a pure 

weak interaction. The weak decay constant can also be written in terms of wavefunctions of 

the heavy and light quarks, as: 

I Q(O) I2 
fD2 = MD , 

emphasizing the overlap interpretation. 

C 

3,s 
8-89 6372Al 

Figure 1: Diagram of the pure leptonic decays of the D+ and D,. 
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A measurement of the leptonic decay of the D+ or D, provides an unambiguous deter- 

mhatiOn Of fD Or fDsZ7) 

B(D+ + p+v) = 
JJD+ + p+v) 

Gz”f$TDMDmzIbd I2 
I’(D+ + all) = SW 

. where MD is the meson mass; mcr , the muon mass; Vcd , the Kobayashi-Maskawa (KM) matrix 

element; GF , the Fermi constant; and 70, the lifetime of the D+. 

In simple nonrelativistic quark models, decay constants should scale like the square root 

of the inverse of the heavy quark mass (the ~/MD term) times the reduced mass of the heavy 

and light-quark to a power between one and two [9(O) term]. This ~/MD dependence appears 

to be reproduced in lattice calculations. 8, Thus, by measuring two distinct decay constants 

to adequate precision, say Jo and Jo,, it should be possible to distinguish among models 

- predicting their values, and then to reliably extrapolate to the even heavier B system for 

which experimental measurements may never be obtainable. Table IV summarizes some of 

the theoretical calculations of the decay constants.g) 

Table IV. Theoretical estimates of weak decay constants. 

Author Year Type fD fD, fBd f~1.f~ 
Mathur and Yamawaki (81) QCD SUM RULE 192 232 241 1.3 

Aliev and Eletskii (83) QCD SUM RULE 170 - 132 0.8 

S hifman (87) QCD SUM RULE 170 - 110/130 0.7/0.8 

Narison (87) QCD. SUM RULE 173 - 187 1.1 

Dominguez and Paver (87) QCD SUM RULE 220 270 140/210 0.6/1.0 

Reinders (88) QCD SUM RULE 170 - 132 0.8 

Kraseman (80) POTENTIAL 150 210 125 0.8 

Suzuki (85) POTENTIAL 138 - 89 0.6 

Godfrey and Isgur (85-86) POTENTIAL 234 391 191 0.8 

Bernard (88) LATTICE 174 234 105 0.6 
DeGrand and Loft (88) LATTICE 134 157 - - 

Golowich C30) BAG 147 166 - - 

The importance of the weak.decay constant goes beyond the pure leptonic decay process 

under discussion. Indeed, all the second-order weak processes involving hadrons-such as 
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Figure 2: Box diagrams leading to Doi? and Bog mixing. 

D?? and BB mixing involve box diagrams (see Fig. 2) whose evaluation requires the same 

understanding of QCD corrections to Jhadronic. In the case of the box diagrams, the mass 

eigenstate splitting which induces mixing in the B system is given by: 

AMBd 
r 

cc r~,Mt2M13,-b%i( j;dBB)&dF(Mt/&v) . 

The largest unknowns in this expression are the KM parameters, the Bd lifetime (rBd), the 

decay constant jam and the Bg- parameter. The calculation of the BB parameter is directly 

related to the calculation of the fB, since it amounts to the QCD corrections (for internal 

gluon lines) to the box diagram. It is simply the ratio of the naive vacuum insertion calculation 

to the QCD corrected matrix element. 

In a Tau-Charm Factory, the measurement of D+ -+ P+V, and D, + F+V are straightfor- 

ward.“) Tagged events are sought, containing only one additional muon, and with missing 

mass near zero. The muon is monochromatic in the D rest frame, which is calculable from 



the tag. After kinematic cuts from tagging, the major backgrounds that remain are from two- 

body hadronic channels and from real semimuonic decays. Both can be reduced to less than 

a few percent contamination by implementing a KE veto, and having good hermetic photon < 

coverage. The pure leptonic decays D, + W, with T + luu or r + ?TV are also detectable, 

i although the monochromatic nature of the lepton is lost; the missing mass constraint also is 
* 

lost. There we rely on the tagging, hermeticity of the detector for photons, and the Ki rejec- 

tion. In addition, a large fraction of hadronic D, decays with neutrals must be independently 

measured before interpretation of the result. 

- -0.2 0 0.2 0.4 0.6 - -0.2 0 0.2 0.4 0.6 
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Figure 3: (a) Missing mass for D+ + pv, shaded areas are backgrounds; 
(b) missing mass for D, -+ pu; (c) missing mass for D, + TV, r + evv; and 
(d) missing mass for D, + TV, r + pvv. 

Figure 3 shows the four channels, with their backgrounds shaded, assuming a one-year 

run. Figure 4 shows an estimate for the number of reconstructed events in the three charmed 

meson channels. we would expect to measure f~ and fD, statistically to a few percent, and 

if all one-prong r decays are usable, then D, + TV is measureable and f& can be reduced to 

a statistical error of about 1%. The systematic limitations of the measurement come from the 
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Figure 4: Detected pure leptonic events. Dotted (OS + TV); dot-dashed 
(D, + PV); solid (D+ + PV); lim it region for B + TV based on 90% CL 
VaheS Of vb,, , assuming lo5 tagged B, and assuming the same detection efi- 
ciency as for the dotted line. 

D meson lifetimes and knowledge of the KM matrix elements. Because this is theoretically 

the easiest calculation, as estimates improve, it may make sense to invert the procedure, using 

lattice theory for the ratio of Jo/ Jo, to extract the ratio of KM parameters &/V&. F igure 4 

also shows the expection for a  B factory where lo5 BU mesons have been tagged, and are 

used to measure B + rv, assuming the same efficiency as the Tau-Charm Factory detector. 

Because of the small value of I&, this measurement does not appear feasible; however, if I& 

were large, and the TY measurement could be made, a  measurement of the lifetime of the B, 

is also required to evaluate f&. 

In F ig. 1, only a  W+ was assumed to be exchanged. The diagram could equally well 

represent any charged scalar such as a  nonminimal charged Higgs. Since a  charged Higgs 

couples to a  ~1 and r with strengths proportional to their masses, the independent measure- 

ments of D, + rv and D, + pv can be compared, providing a  very sensitive test of lepton 

universality and the presence of new currents. Higher-energy machines have been able to 

mode l dependent ly set lim its down to 3  to 4  GeV, for a  new scalar. These measurements are, 

however, at the edge of their detector resolution.“) 



Semileptonic Decays and Determination of the KM Matrix Parameters 

At the present time, knowledge of the KM matrix in the first two generations is restricted 

to precision measurements in the kaon row alone. The values of Vud and V,, are measured at 

the 0.1% and 1% level, respectively. Measurements in the charm row are only at the N 20% 

* level now, dominated by statistics in some cases and systematics in others: 

1 v& I2 = 0.058 f0.014 (CDHS) 

1 Vi, I2 = 0.530 f0.080 &0.060/f+(0)2 (MKIII) 

1 v,, I2 = 0.590 f0.070 *o.090/f+(o)2 (E691) 

&d 2 
I I v,, 

= 0.057+;:;;; f 0.005 (MKIII) 

Beyond pure leptonic decays, the semileptonic D/3 decays provide the next level of difficulty 

_ for any theoretical interpretation. The partial width for DZ3 decays involves two form factors 

f+k2) and f-tq2>, corresponding to the exchange of a vector meson. The latter is multiplied 

by the lepton mass squared in the matrix element and is normally dropped, leaving in the 

Cabibbo-allowed decays: 

I'(D + Klv) = $&'I v,s I'J 1 f+(q2) I2 (22, -2XKX, -Xe2 - 1 -x2) . 

In the simplest picture, f+(q2) is represented as a simple pole, with one normalization 

constant f+ (0) : 

f+(n2) = f+(O) { MpF:q2} - 

By systematically measuring the DZ3 decay rates and the q2 dependence of the form 

factors in D and D,, it is possible to extract Vcd x f+(O) and VI, x f+(O). Because SU(4) 

is a badly broken symmetry, f+(O) d eviates strongly from unity (unlike in the kaon system). 

Reliance on theory is imperative to extract the KM parameters. Ratios of rates will yield 

ratios of KM parameters with the form factor uncertainty reduced to the SU(3) breaking level 

only (X 5%). The theoretical values for f+( 0) come from potential models, QCD sum rules, 

and lattice calculations (see Table V).12) 
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Table V. Recent theoretical estimates of f+(O). 

I Author YCXU Type f+(O) I 
G’rinstein and Wise (87) NON. REL. POT. 0.58 

Bauer, Stech and Wirbel (85) REL. POT. 0.73-0.75 

Dominguez and Paver (88) QCD SUM RULE 0.75 f 0.05 

Soni and Bernard (89) LATTICE 0.75 f 0.20 

Figure 5 shows how semileptonic Cabibbo-allowed and Cabibbo-suppressed decays can 

be easily isolated using tagged events and plotting the missing energy less the missing mo- 

mentum (the variable V). This is proportional to the missing mass in the event, peaking at 

zero for a single missing v. 
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-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2 
‘dl U-E ORA missing -Pmissing (GW u = E missing -Pmissing tGeV) 

Figure 5: Cabibbo-allowed and Cabibbo-suppressed semileptonic decays. 

In the Did decays, there are four form factors that appear; another vector [V(q2)] and 

three axial vector [Ao(q2), A1(q2), andA2(q2)]. Ag ain, one of these A2(q2) is generally inac- 

cessible, being multiplied by the square of a lepton mass. The overall q2 dependence may be 

factored into a sum of simple pole-like terms and the matrix element formed in terms of two 

angles in the decay (8,$). Th ese are the K or ?r decay angle (0) in the I(* or p rest frame, and 

the angle (4) of the decay plane of the IV+ ( + v re a ive to the decay plane of the K* or p. I ) 1 t’ 

Figure 6 shows the angles in the decay. Providing adequate statistics (- 105) are obtained, 
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measuring the D/J decay rates and the q2 dependence of the form factors in the (0,qS) plane, 

allows one to determine the relative form factors and hence V& or V,, up to a single constant. 

6-89 6372A6 

Figure 6: Decay plane decomposition in D14 decays. 

In Table VI, we estimate the expected rates for the numerous channels in the spectator- 

type semileptonic decays that are accessible to a Tau-Charm Factory.13) 

The prescription for measuring I& and V& is thus to first measure the D/3 decays, 

comparing models for the form factors and adjusting models until shape agreement is reached. 

The same model is then tested against the DZa decays, and similarly corrected until agreement 

is reached. In each case, both the allowed and Cabibbo-forbidden decays need to be examined. 

When a consistent model emerges, one can then reliably assume that the values of f+(O) can 

be used. Experimental statistical errors will be below 1%; then the partial width will be 

dominated from knowledge of the D and D, lifetimes. On the timescale of the Tau-Charm 

Factory, N 1% absolute measurements of lifetimes may become available. If we only wish to 

constrain the ratios of KM angles, lifetime dependency is largely eliminated experimentally; 

it should be possible with many ,redundant measurements to reduce any residual detector 

systematics to the same level of N 1%. 
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Table VI. Estimate for detection of ex- 
clusive semileptonic decays. 

Do+ BR 5 # DET/yr 
K-e+u 0.034 0.71 0.29 x 106 
K-/.i+U 0.034 0.55 0.22 x lo6 
K*-e+u 0.06 0.20 1.53 x 105 
K*-/l+Y 0.06 0.16 1.19 x lo5 
7r-e+u 0.004 0.80 0.37 x lo5 

7r-/i+Y 0.004 0.65 0.30 x lo5 
p-e+u 0.004 0.33 0.16 x lo5 
P-/J+v 0.004 0.27 0.13 x lo5 

D+ 4 

Pe+u 0.07 0.82 0.11 x 106 
Z$!l+U 0.07 0.64 0.86 x lo5 
K*‘e+u 0.05 0.42 1.99 x lo5 
K*‘p+ u 0.05 0.31 0.15 x lo6 
7r”e+u 0.004 0.64 0.14 x lo5 
7Pp+, 0.004 0.51 0.11 x 105 
ve+u 0.0015 0.40 0.33 x lo4 
?w+u 0.0015 0.30 0.26 x lo4 
q’e+u 0.0005 0.30 0.92 x lo3 
h+ u 0.0005 0.21 0.62 x lo3 
pOe+u 0.0025 0.95 0.13 x lo5 
POP+u 0.0025 0.73 0.10 x lo5 
we+u 0.0025 0.40 0.55 x lo4 
wp+u 0.0025 0.30 0.40 x lo4 

F-, 
qe+u 0.02. 0.40 0.67 x lo4 
w+u 0.02 0.30 0.51 x lo4 
q’e+u 0.006 0.40 0.15 x 104 
rl’P+u 0.006 0.21 0.85 x lo3 
q5e+u 0.034 0.15 0.44 x lo4 
Wu 0.034 0.11 0.32 x lo4 
K”e+u 0.002 0.82 0.47 x 103 
K”p+u 0.002 0.64 0.36 x lo3 
K*Oe+u 0.0013 0.42 0.45 x lo3 
K*‘p+u 0.0013 0.31 0.34 x 103 

In the next generation of experiments, before Tau-Charm, the KM parameters of the 

charm sector may be driven down below the 10% level with improved statistics. It remains 

unclear whether a sufficiently systematic and background-free set of measurements will become 
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available to drive the theoretical uncertainties significantly below their current values, thereby 

preventing truly precise determinations at the level of N 1% , which is the goal of Tau-Charm 

experiments. 

With the sensitivity suggested in Table VI, it is clear that the Tau-Charm Factory can 

also provide information on states not accessible through semileptonic spectator graphs (see 
* 

Fig. 7) such as D + gglv and resonant D + (glueball)lv. The couplings to the q’, the L, 

and the t9 in a semileptonic decay may provide new insights into the gluonic makeup of these 

states. Branching fractions of N 10s3 will produce 10’s of detected events in any of these 

channels, with no background. 

Flavorless 
Hadrons 

Figure 7: Examples of nonspectator semileptonic decay. 

Rare D Decays 

Experimental tests of extensions to the Standard Model require the direct observation 

of new particles or the observation of their manifestations. It is suggested14) that all such 

extensions containing either new scalars or new vector bosons (Y), as shown in Fig. 8(a), will 

have rates scaling like: 

BR(D -+ l+Z-X) o( $Y * G-l 
M; ’ 

Flavor-changing neutral currents in the Standard Model [for example, lepton family 

number-violating decays (LFNV)] are forbidden to all orders. The observation of any nonzero 
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Figure 8: (a) Examples of jl aver changing neutral currents involving new 
scalars or vectors; (b) and (c) are examples of allowed flavor-changing neutral 
currents. 

rate signals the onset of New Physics. Examples are Do or D+ + e+p-X, where X is a 

light hadron. Lepton family number-conserving decays (LFNC) can be simulated by effective 

flavor-changing neutral currents, allowed in the Standard Model onZy through higher order 

weak and/or electromagnetic processes [see, for example, Fig. 8(b)]. The simplest examples of 

such a processes are Do or D+ + 1+1-X. These one-loop induced FCNC are most susceptable 

to New Physics; they complement all searches in the down quark sector, because the couplings 

to new particles may be a priori flavor dependent, either through mass-dependent couplings 

or through mixing angles. 

All of these classes of decays would be expected to occur at rates 5 10m7 in the Standard 

Model.15) This generally occurs because of the need for a quark annihilation (- fg/Mi) in 

the meson, and in the case of two-body decays, a further reduction occuring from the helicity 

suppression (N Mf/Mi) associated with the chirality of the leptons. Current estimates are 

that long-range effects may bring the Standard Model allowed processes up in rate to (10m6 

15 



to lo-‘). If that is so, then correctly sorting New Physics from Old Physics will require the 

measurement of the full pattern of rare decays, each at the same sensitivity, rather than just 

limits or the observation of single isolated channels. 
* 

When helicity suppression is factored out of recent measurements-which are almost all 

limits at the few ~10~~ level16)-the mass reach of current measurements is about 0.2 TeV 
* 

(choosing unit couplings for gqy and gyl). As a result of the l/M; dependence, sensitivity 

to a few TeV masses requires four orders-of-magnitude improvement over today’s branching 

ratio measurements. 

The Tau-Charm factory would gain an order of magnitude in sensitivity to My, bringing 

us into the several TeV range for the helicity-suppressed class of rare decays. Luminosity 

alone provides about three orders of magnitude, and an improved detector which provides 

_ equal efficiency and background rejection to nonhelicity suppressed channels, will provide the 

balance. The nonhelicity suppressed channels provide sensitivity at the N 20 to 200 TeV 

scale, if unit couplings (gyi and gqy) are assumed. Table VII shows the estimates for signal 

sensitivity to a set of rare decays. 17) 

Table VII. Rare decay sensitivity-preliminary analysis. 

Channel Estimated Limit 

Background at 90% CL 

Signal 

at 5a 

DO + e+e- 10.2 events 3 x10-8 6.0 x~O-~ 

Do -+ p+e- 11.3 events 5 x10-s 1.2 x1o-7 

Do + p+p- 510 events 8 x~O-~ 2.9 x10-7 

D’+pe o+- e 51.6 events 4 x10-s 1.3 x10-7 

Do + K’e+e- 51.5 events 2 x10-7 7.3 x10-7 

DO + UT 122 events - 8.0 x10-” 

In addition to rare decays in the class described above, there are also ordinary radiative 

decays and penguin-type hadronic and radiative decays. An example of such penguin decays 

is shown in Fig. 9(a). The hadronic decays lead to ordinary Cabibbo-suppressed final states, 

and thus present a problem in untangling them from much larger “ordinary” physics.“) The 
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electromagnetic penguins are GIM-suppressed’g) to a level of O(10W8): 

A-J (4 - 49 
I M$ - 

Rescattering processes (long-range effects) may, however, enhance the electromagnetic 
* 

graphs to a level of O(10W5). A n example of rescattering through an intermediate state is 

shown in Fig. 9(b). F ur th ermore, a number of recent calculations suggest that QCD radiative 

corrections may enhance the,penguin graph even further.20) At a level of 10e5, decays like 

D+ + rp+ should be easily detectable in the Tau-Charm Factory.21) Such a decay can be 

sought even in tagged events at that level, to entirely reduce noncharm backgrounds. The 

importance of seeking penguins in charm decay where the tree graph is below the sensitivity 

of the experiment is to establish the strength of long-range rescattering and QCD radiative 

corrections. Both these “corrections” must exist for B decay as well and, in fact, may compete 

(or even dominate) the t-quark contribution to the radiative penguin amplitude. Thus, if the 

class of p‘enguin decays is found in D decay to be large [0(10-5)], it may be difficult to 

unambiguously untangle the t-quark contribution to an observed electromagnetic penguin B 

decay. Interestingly, CLEO or ARGUS have an excellent chance of first observing these B 

decays in the next few years. 

C . / \ Y 

Li . l-J+ 

(4 

.--A 

I . 

(b) 

Figure 9: (a) R d’ t ’ p g a aa we en uin graph; (b) penguin final state simulated by a 
rescattering process. 
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Do8 Mixing and Doubly-Suppressed Decays 

Charm mesons may constitute the only system where Cabibbo-allowed, singly Cabibbo- 

suppressed, doubly Cabibbo-suppressed and second-order weak decays may be measured. 

While Tau-Charm can shed light on all of these measurements, space prevents the discus- 

0-o * sion here from going beyond the two rarest processes. In the Standard Model, D D mix- 

ing is a second-order weak interaction which occurs either through the twelve box diagrams 

[Fig. 10(a)] or through long-distance effects [Fig. 10(b)]. 22) The quantities AM and AI’ are 

the difference in mass and width between the weak-interaction eigenstates chosen to diago- 

nalize the mass matrix describing the strong-interaction eigenstates (Do and @) evolution. 

Experimentally, the mixing parameter rg is defined as the number of observed events exhibit- 

ing mixing over the number of events not exhibiting mixing. In an experiment that does not 

measure time-evolution, but integrates over time, rD is simply related to the mixing matrix 

parameters: 

rD = 
(AM/I’)2 + (AI’/21’)2 

2 
. 

The box diagram contributions to mixing are expected to be small rD 5 10m6 because 

of GIM cancellations. Long-range contributions (also second-order weak) to rD from AM and 

AI’ may be equal in magnitude and each as large as N few x 10s2. These large contributions 

may come about from SU(3) b rea m and differences in partial widths to intermediate CP k’ g 

6-66 6372AlO 

Figure 10: (a) DOD’ mixing from box diagrams; and (b) from long-range 
efects. 
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At this large a level, one of the main experimental backgrounds leading to “mixing-like” 

final states comes from doubly Cabibbo-suppressed decays (DCSD). Having branching frac- 

tions of O(tan4 0,) = 0.003, these decays may dominate a mixing signature. In the absence , 

of time-evolution information, it has been suggested by Bigi ’ ‘I’) that a set of measurements at 

i 
two or more energies can be used in conjunction with quantum statistics to sort out mixing 

* 
from DCSD or New Physics. It is also possible, using the interference term, to measure AM/I’ 

and AI’/I’ separately. This is illustrated in Table VIII, where two such sets of measurements 

are made. First, final states where both Do mesons decay semileptonically (thereby elimi- 

nating DCSD background), and second, where both decay hadronically, but to identical final 

states. In the latter case, Bose statistics forbids DCSD when the Do mesons are in a relative 

2 = 1 state. When the Do are in a I = 0 state, then mixing and .DCSD interfere, allowing 

a measurement of both. A third possible option to sort out mixing and DCSD is to measure 

a semileptonic decay versus a hadronic decay. 

Table VIII. Establishing mixing contributions and DCSD. 

I e+e- + I No Mixing Signature 
(No New Physics) 

K6rflmrf 
K-n+K+r- 

DO-is0 0 

Do3 +/ 4 tan4 8, 1 i? I2 

DOD’ w” 0 

K?fK?f 

DOD’ 
K~l*K*F 

0 

0 

0 

Mixing Signature 

rD 

3rD + 8 ($-) tan2 e,fi + 4 tan4 8, 1 i I2 

TD 

rD 

3rD 

rD 

In Table VIII, the quantity 6 is defined by Bigi’s convention: 

A 1 T(D” + K+a-) 
= tan2 0, T(D” + K-n+) . 

Note that the doubly Cabibbo-suppressed amplitudes can be measured in parallel with tagged 

events (see below). 
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At a Tau-Charm Factory, our preliminary analysis suggests that we can reconstruct at 

the +(3770) in excess of 1.80 x lo5 events in the two categories of Table VIII.24) Backgrounds 

appear to be reducible by a combination of detector particle identification and kinematic 

constraints. At any of the higher energies suggested (4.03 or 4.14 GeV/c’), providing pho- 

ton detection efficiency and resolution are comparable to that achieved in current “crystal” 

calorimeters, similar numbers of events should be reconstructable, including the D*' + yD" 

or D*' + roDo. At least one study has been done to verify this conclusion. 25) Similar stud- 

ies using D*+ + w+D" have also been done. They conclude that if either the whole event is 

reconstructed (the D+ tag and the recoil), or at most the soft n+ is lost,26) this flavor-tagging 

scheme would appear to have statistical power similar to the experimental results shown in 

Table VIII. This implies that at a Tau-Charm Factory, Do3 mixing should be measureable 

at the level of rD x 10s4, and unambiguously observable at the level of ?-D x 10s5, by several 

independent techniques. 

A clear understanding of DCSD can be reached by measuring D+ decays, where the 

signature-is not confused by a mixing component present in Do decays. D+ DCSD have an 

added attraction, because unlike allowed D+ decays, they do not suffer from intereference 

effects, and hence may be significantly enhanced. This was first noted by I. I. Y. Bigi.lg) At 

the present time, no experiment has yet reported clear evidence for Do or D+ DCSD. One 

of the severe experimental problems is the kinematic reflection from nonsuppressed decays. 

Table IX gives estimates of some of the DCSD modes of the D+ (see Ref. 21). 

Preliminary studies 27) suggest that the background in the largest channels can be re- 

duced below 10% with a modest improvement in particle identification and momentum reso- 

lution. 

Conclusions 

The Tau-Charm Factory will combine a high-luminosity collider and dedicated injector 

to optimize average luminosity close to peak luminosity. Drawing on experience from all 

previous generations of detectors at SPEAR, it is clear that a new detector that marries highly 

efficient, finegrained electromagnetic calorimetry (while retaining good angular resolution) 
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Table IX. Estimates of double cabibbo- 
suppressed D+ decays: 

L = 1O33 cms2 set-’ 

Channel 

D++ 

K+-7P 

K+q 
K+$ 

K+w 

K+pO 

K*%+ 

K*Op+ 

K++-?TO 

K*+q 

K*+$ 

K*+w 

K*+pO 

K+Tf-T+ 

(eZt .) 

0.43 

0.09 

0.04 

0.34 

0.42 

0.28 

0.25 

0.13 

0.03 

0.01 

0.11 

0.13 

0.42 

tan4 8, 

coeff. 

0.02 

0.01 

0.01 

0.01 

0.07 

0.06 

0.01 

0.05 

0.02 

0.02 

0.01 

0.01 

0.07 

. 

Events 

Detected 

142 

15 

6 

56 

498 

232 

42 

106 

9 

4 

18 

22 

512 

to a precision low-mass tracker would provide a significant improvement in the efficiency 

for tagging charmed events over any earlier detector. Coupled with a redundant particle 

identification system and a unique hermetic hadron (I{:) veto system, the collider and the 

detector should be able to probe the region of the physics of charm decays lying about three 

orders-of-magnitude lower than our present measurements. 
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