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_- 
f The Tau-Charm Facility was first proposednl in 1987 as a dedicated facility which 

would represent the first of the nest-generation high luminosity (2 x 1033cm-2sec-1) 
-. 

two-ring symmetric e+e- colliders. Machine design has been ongoing at SLAC, 

Orsay, KEK since its inception at CERN; the first workshop exploring the physics 

and the machine was held at SLAC in May 1989f2’ The machine and detector 

projects are currently under review in Europe for possible siting in Spain or France. 
- 

A strong participation of US groups on the detector is anticipated. 

2. GENERAL CONSIDERATIONS ON THE PHYSICS GOALS 

Tests of the Standard Model (SM) can either be performed in new higher energy 

- facilities - seeking to produce new particles, or by precision measurements at lower 

-. energies of those quantities predicted unambiguously by the Standard Model itself. 

Historically, the clean and direct analysis of heavy quarks and leptons at production 

threshold in e+e- has provided the most detailed tests of our understanding of 

quarks and leptons and their interactions within the context of the Standard Model. 

To achieve significant progress in tau-charm and b-physics, future data samples 

must be characterized by: (i) significantly higher statistics, (ii) low backgrounds, 

(iii) well thought-out programs targeted specifically at the reduction of systematic 

errors, and finally (iv) third and fourth generation detectors matched to the b- and 

c-quark and tau physics, respectively. Thus, the next logical step for the study 

of charm, beauty and the tau-lepton are the construction and operation of a next 

generation of dedicated high luminosity storage rings operating near each respective 

fermion-pair threshold. 

Studies PI show that the luminosity requirements of the Tau-Charm Facility are 

100-1000X present facilities, leaving it at least one order of magnitude higher than 

competing facilities in the mid 1990’s. For studies of the charm quark:’ the luminos- 

ity is most important, allowing the possibility of examining second order weak in- 

teractions of 00 mixing, doubly Cabibbo-forbidden weak hadronic decays (DCSD), 

rare and radiative decays, Penguin decays, making precision tests of CKM matrix 

2 



ur&arity through studies of the semileptonic and pure leptonic decays of the charmed 

mesons. The charm physics program strongly compliments any program .- 
t that eventually studies B-meson decay at a similar precision. 

Studies of the tau-lepton emphasize both the high luminosity and clean produc- 

tion available in an e+e- threshold environment. Measurements of tau decay (for 

example, one-prong branching ratios) and the Lorentz spin structure (the Michel 

- 

parameters) represent precision tests of the Standard Model, which unlike the study 

of charm mesons rely not only upon the high luminosity and large event samples 

produced by the Tau-Charm ring, but also require precise (and unprecedented) con- 

trol of systematics. To achieve the necessary control of systematic errors, the mea- 

surements must be made operating the ring at several beam energies, making these 

studies unique to the machine. The stringent limits on the tau-neutrino mass and on 

rare tau decays that are accessible at Tau-Charm depend largely on the customiza- 

tion of the detector and trigger to the study of these specific processes, in addition to 

the Tau-Charm machine’s ability to copiously produce and cleanly tag tau-leptons. 

-In addition to the two programs highlighted and discussed herein, a rich parallel 

program of charmonium, light quark and gluonium spectroscopy is also available, 

with little impact on either of the two longer term base programs. 

For completeness and comparison, I summarize in Table I the projected data 

samples of CESR/CLEO-II by the beginning of 1995, (perhaps the earliest that a 

new Tau-Charm ring could turn on), together with the yearly samples from a B- 

factory and the Tau-Charm Facility . For the CESR yield, the curve is based on 
[41 anticipated improvements . 

The fixed target experiments expected to come online in this period will be 

FNAL E-687 and E-79l(photo- and hadro-production). These should collect 10X 

greater statistics than E-691, which reconstructed roughly lo4 charmed mesons 

(about 2X the Mark III tagged data sample from SPEAR). The experiments fore- 

seen within the next five years should thus have in the range of lo5 reconstructed 

charm events, which is to be compared with the fewx lo7 tagged D mesons expected 

in a year’s run at the Tau-Charm Facility . 
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Table I 

. 

Primary Charm and Tau Yields 

Channel CLEO II B-Factory Tau-Charm 

1995 L = 1033 L = 1033 

(Per Year) (Per Year) 
DO 3.9x107 1.0x107 s.7x lo7 
D+ l.Sx107 0.5x107 6.3x lo7 

DS 1.2x107 0.3x107 2.7x lo7 

r+r- 5.1x107 0.7x107 0.7~10~ (3.57 GeV 

3.6~10~ (3.67 GeV 

5.3~10~ (4.25 GeV 

1ct - - 1 x 1010 
$1 - - 5 x log 

3. PHYSICS HIGHLIGHTS IN CHARM DECAYS 

The most unique contributions of the Tau-Charm Facility in the area of charm 

meson physics will come in four areas: 

1. The second order weak interactions ( DoDo Mixing) and limits on CP violation 

in the charm meson decays, 

2.) The pure leptonic decays of D+ and D,, yielding fo and fo,, 

3.) The semileptonic decays, yielding precision CKM matrix parameters and the 

lepton spectrum, and 

4.) Rare Do, D+, D, d ecays, measuring radiative and hadronic penguins, and 

searches for decays outside the Standard Model. 

3.1 Second Order Weak Interactions DoDo Mixing and CP Violation 

The observation of mixing from the second order weak interaction in the Do 

meson system is a fundamental measurement for the understanding of the weak 
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hadronic interaction. For charm mesons, in the Standard Model, the mixing param- 

eter rD is predictedL5] to lie between low5 to 10p4. Thus, an experiment should be - 
z able to set a limit on rg 5 1 x 10e5, or measure a significant signal within this range. 

-. The present limit on rD is 4 x 10m3 at 90% CL, from E-691. In the fixed target 

experiments, and proposed B-Factories, mixing measurements rely on the vertexing 

of Do mesons to measure the decay length of Do whose parentage has been tagged 

through D*+ + Dow+. These time evolution approaches rely on the fact that 

- the mixing rate is proportional to t2 x eert, while the background from DCSD is 

-proportional to e -” However, DCSD background will always exist, limiting the . 

ultimate sensitivity for potentially small rD values. 

In the Tau-Charm Facility , DoDo mixing is measured by exploiting the quantum 

- coherence of the initial state and does not rely on a time evolution measurement. The 
- . background from DCSD suppressed decays can be turned-off or made to selectively 

interfere with a mixing signal by preparation of the initial state, allowing rg (the 

total mixing rate) and its individual components (AM/I and AI’/I’) to be measured, 

when independent information on DCSD amplitudes is incorporated. 

It is proposed to study DoDo mixing in the Tau-Charm Facility by making at 

least seven independent measurements, indicated in Table II. Table II also summa- 

rizes estimates for either limits on rg or observation of mixing signals. These tech- 

niques independently limit rD from 8 x 10m4 to 6 x10s5, or combined are sensitive 

t0 rD 5 3 x lo- 5. Running over several years, a limit on rD below 10m5 becomes 

possible. 

CP violation in the charm sector can occur either through Do Do mixing or di- 

rectly through a difference in the decay amplitude to a final state for the particle 

and its anti-particle. A more detailed discussion is available elsewhere!’ Briefly, The 

mixing dependent CP violation can be determined from an asymmetry measurement 

in the process e+e- + D*‘fiO + [(y(D’semileptonic decay)(D’ CP eigenstate de- 

cay (e.g., K+K-))]. 0 ne ea ure is that any detector induced asymmetries can be f t 

accounted for by observing the expected null signal in those similar events in which 

the D*’ decays to a R’ rather than to a y. A one year run at the Tau-Charm Fa- 
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Table II 

DoDo Mixing (1 Yr at L=1033, * = scaled ) 

e+e- + Final State Rate Events Bckgnd rD rD 

(right sign) 90% CL 50 signal 

DODO (Icr+)(r7r+) rD 34900 0.4 7.0 x 10-5 1.7 x10-4 

DoDo y (Inr+)(r7r+) y 3rD-b 3300” - - - 

8( gtar120,j? 

+4tan4d,jS2 

DoDo TO (~<-7T+)(~<-7r+) To rD 2750* 0.1” 7.6 x~O-~ 1.7 x~O-~ 

_ DoDo (I<-e+v)(l(-e+v) rD 15500 0.9 

(I<-e+v)( I(-p+v) rD 23300 2.4 8.6 x 1O-5 3.1 x~O-~ 
- . (I{-p+v)( Ii’- p+V) rD 12700 2.8 

(l--*zv)(Is-zv) rD 68000” 9” 6.4~10-~ 2.3~10-~ 

(K*zv)(l-*zv) rD 22000” 3* 

DODO Y (K-z+v)(K-z+v) y 3rD 11600” 1’ 7.5~10-~ 2.3~10-~ 

DoDo T’ (I<-z+L/)(K-z+V) 7r” rD 9600” 1* 

(D’x+)D- [~+(li-+e-v)(lc+~lr-n->l rg 9400 <0.5 

[7r+(K+p-v)(K+7r-7f-)] rg 7000” 1* 

[W+(K*zV)(K+7nr-)] rD 8000” 1* 8.3 x~O-~ 2.7 x~O-~ 

[T+(K/K*ZV)(D- tag)] rD 24000* 2* 

cility should yield a sensitivity to the CP asymmetry at the - 1% level. Direct CP 

violation searches are best carried out at the $“. An asymmetry measurement in 

the process +” +(semileptonic decay)( CP er ‘g enstate decay) would allow a determi- 

nation of the magnitude of any CP violating amplitude to an accuracy of - f % in a 

one year run. The phase of the CP violating amplitude can be determined from the 

observation of final DoDo states in which both D’s decay into different states with 

the same CP. If CP were completely violated, we would expect to see - 4000/year. 
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A&though the levels of CP violation which can be probed do not reach the Standard 

Model predictions, the Tau-Charm Facility would provide the first look into poten- .- 
t tial CP violation in the up-quark sector. Any such signal observed would provide 

unequivocal evidence for New Physics. _. 

3.2 Leptonic Decays of D+ and D, (fD and fD,) 

- 
The pure leptonic decays of heavy mesons directly measure the axial vector decay 

constants f~ and fD,. Precision measurements of the leptonic decays of the D+ and 

-D, allows the unambiguous determination of fD or f~,: 

G2F 2 B(D+ -+ /i+Y) = &D TD MD m; 1 Vcd I2 

- 
._ . where MD is the meson mass, ml, the muon mass, Vcd the CKM matrix element, GF 

the Fermi constant, and TD the lifetime of the D +. The decay constants measure the 

overlap of the heavy and light quarks in the meson, and thus appear in calculations 

of annihilation and exchange processes and in particular, in second order weak inter- 

actions (i.e.: heavy meson mixing). In the latter, they appear in conjunction with 

the B-constant, under the vacuum insertion approximation. While in principle they 

may be calculatedL8] in relativistic and non-relativistic potential models, the more 

fundamental estimates come from lattice QCD ( see Table III). The lattice calcula- 

tions should in the next 5 years be able to calculate these constants with a precision 

of 5% or better. Since a specific scaling from fD to fD, will be predicted, the mea- 

surement of both these constants with an accuracy of 5% or better will provide an 

important benchmark test of lattice QCD. Naively, the decay constants scale like 

the square root of the inverse of the heavy quark mass times the reduced mass to a 

power between one and two. This mass dependence already appears reproduced on 

the lattice!’ Thus, scaling from the values of two constants (fD and fD,> will prob- 

ably provide the only reliable estimate of fB, since accurate lattice calculations will 

probably not occur until rather far into the future and it is rather easy to demon- 

strate that an experimental measurement of fB is unlikely to be made in any of the 

machines of the next decade(s). 
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Table III 

Theoretical Estimates of Weak Decay Constants 

Author Year Type fD fDs fBd fB/fD 

Mathur and Yamawaki (81) QCD SUM RULE 192 232 241 1.3 

Aliev and Eletskii 

Shifman 

Narison 

Dominguez and Paver 

Reinders 

Kraseman 

Suzuki 

Godfrey and Isgur 

Bernard 

DeGrand and Loft 

Golowich 

(83) QCD SUM RULE 170 - 132 0.8 

(87) QCD SUM RULE 170 - 110/130 0.7/0.8 
(87) QCD SUM RULE 173 - 187 1.1 

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

(88) QCD SUM RULE 170 - 132 0.8 

(80) POTENTIAL 150 210 125 0.8 

(85) POTENTIAL 138 - 89 0.6 

(85-86) POTENTIAL 234 391 191 0.8 

(88) LATTICE 174 234 105 0.6 

(88) LATTICE 134 157 - - 

@O) BAG 147 166 - - 

About 1000 (2000) events/year are detected for fD(fD,), in the final state pup. 

The reconstruction of D, + rv is possible, requiring the concomitant measurement 

and subtraction of many hadronic D, channels that may feed into it. About 5000 

events/year could be reconstructed, providing a complimentary measurement for 

fD,- 

3.3 Semileptonic Decays 

The study of semileptonic decays in the Tau-Charm Facility will provide the first 

test of the unitarity of the second row of the CKM matrix through a systematic 

study of all possible D/3 and 014 [lo1 decays. Existing measurements are at the 15- 

20% level while the Tau-Charm Facility anticipates an ultimate measurement at the 

f eUr% level, including systematics (see Table IV). The Tau-Charm Facility will also 

be the first experiment sensitive to leptonic final states of D and D, mesons that 

do not occur through ordinary semileptonic graphs. Examples of the latter are: 

D + gg + Iv and resonant decays D -+ gluonia + Iv. The existence of these final 

states would significantly alter our picture of D and B meson decays. 
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Table IV 

teconstructed Semileptonic Decays/Year L = 103’ 

Do + BR NXW, NXWl CKM 

I<-e+u 0.034 2.9 x 105 2.2 x lo5 X8 
r-e+u 0.004 3.7 x lo4 3.0 x lo4 vcd 
Ir’*-e+u 0.06 1.5 x 105 1.2 x 105 v,, 
p-e+u 0.004 1.6 X lo4 1.3 X lo4 vcd 

D+ + 

Ic"e+ u 0.07 1.1 x lo5 8.6 x lo4 v,8 
.noe+u 0.004 1.4 x lo4 1.1 x lo4 vcd 
rle+u 0.0015 3.3 x lo3 2.6 x lo3 vcd 
77le+ u 0.0005 9.2 x lo” 6.2 x lo2 vcd 
li’*“e+u 0.05 2.0 x lo5 1.5 x lo5 v,, 
poe+ u 0.0025 1.3 x lo4 1.0 x lo4 vcd 
we+u 0.0025 5.5 x lo3 4.0 x lo3 v-d 

Ds --f 

77e+u 0.02 6.7 x 10’ 5.1 x 10’ K8 
ge+ u 0.006 1.5 x lo3 8.5 x lo2 V,, 

~c”e+U 0.002 43 X 10’ 3.6 X lo2 vcd 
4e+u 0.034 4.4 x lo3 3.2 x lo3 Vcs 

I-*Oe+ u 0.0013 4.5 x lo2 3.4 x lo2 vcd 

The 013 decays have branching ratios proportional to the product 1 V,, I2 

x S(f+(t)2P3dt) h w ere V,, is the appropriate CKM element, and f+(t)is the vector 

form factor. The Tau-Charm Facility itself is experimentally sensitive to a N 1% 

deviation in the shape of f+(t) f rom single vector pole dominance of the next higher 

vector meson. To test CKM unitarity by measuring I& and V,,, an absoZute 013 

branching ratio is required, as well as theoretical input to evaluate f+(O). Current 

techniques such as QCD sum rules are reliable at the 10% level and with mea- 

surements of all Cabibbo allowed and Cabibbo forbidden D/3 and 014 decays could 

be improved to the - 5% level. Each 014 channel has three form factors, V(t), 

Ao(t) and Al(t); the Tau-Ch arm Facility will provide precise information on their 
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t-&pendence, the ratios of their magnitudes, and the polarization of the vector 

mesons in their decays. By systematically reproducing the features of the D/3 and _- 
z 014 decays, we anticipate that the lattice theory within the same time frame as Tau- 

Charm Facility , can be used to reliably evaluate f+(O), thus allowing the precise 
_. 

extraction of the CKM parameters. 

Just as in the case of the pure leptonic decays, the precise measurements of 

semileptonic decays will provide the benchmark for QCD sum rules, and then for 

lattice &CD. 

- 

- In addition to measurements of the CKM parameters, the Tau-Charm Facil- 

ity will be able to probe semileptonic branching fractions in the 10m4 - 10m5 range, 

in search of deviations from the spectator picture. With largely background free 

measurements the Tau-Charm Facility will be sensitive to the non-spectator decays 

with gluonic couplings to the v’, 0 and L. . 

3.4 Rare, Radiative and Penguin Decays of the Do, D+, D, 

Experimental tests of extensions to the Standard Model require either the obser- 

vation of new particles or their manifestation in single loop graphs. It is argued”” 

that all such extensions with new scalars or vector bosons, will have rates scaling 

like: B(D + Z+Z-X) cx w. Flavor changing neutral currents in the Stan- 

dard Model (ie: lepton family n:mber violating decays, LFNV), are forbidden to all 

orders. Any non-zero rate observed would thus signal the onset of New Physics. Ex- 

amples are Do or D+ + e+p-X, where X is a light hadron. Lepton family number 

conserving decays (LFNC) can be simulated by effective FCNC, that are allowed in 

the SM o?~Zy through higher order weak and/or electromagnetic processes; the sim- 

plest examples are Do or D+ + Z+Z-X ) These one-loop induced FCNC are the 

most sensitive to New Physics and compliment all searches in the down quark sec- 

tor because the couplings to new particles may a priori be flavor dependent, either 

through mass-dependent couplings or through mixing angles. With the inclusion of 

long-distance effects, all these classes of decays are expected to occur at inclusive 

rates of 10w7. Specific channels may however be as much as an order of magnitude 
w4 smaller in branching fraction. 
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All current limits are at the few x low4 level. The mass sensitivity to New Physics 

is -0.2 TeV ( h c oosing unit couplings for gqy and gyl and factoring out helicity sup- - 
z pression). The Tau-Charm factory brings these into the TeV range for the helicity 

suppressed class of decays, and to the N 20 to 200 TeV scale for non-helicity sup- -. 
pressed decays (see Table V). 

- 

. 

Table V 

Sensitivity to Rare Decays 

Channel Estimated Limit Signal 

Background at 90% CL at 50 

DO -b e+e- SO.2 evts 3x10-s 6.0x 1O-8 

DO + p+e- 11.3 evts 5x10-s 1.2x1o-7 

Do + /x+/r 510. evts 8~10-~ 2.9x 10-7 

D’+pe e o+- 51.6 evts 4x10-s 1.3x 10-7 

Do + K’e+e- 11.5 evts 2x10-7 7.3x 10-7 

An area of recent interest are the Penguin-type hadronic and radiative decays. 

The former lead to ordinary Cabibbo suppressed final states, and thus present a 

problem in disentangling them from the much larger “ordinary” physics. The latter 

Penguins are GIM suppressed to a level of 0( 10m8): A N v. Rescattering 

processes (long-range effects) may however enhance the electromtgnetic graphs to 

a level of 0( 10e5). Furthermore, a number of recent calculations suggest that QCD 

radiative corrections may enhance the Penguin graph even further. At a level of 

10p5, decays such as D+ -+ yp+ will be detectable in the Tau-Charm Factory, 

through tagging. 

The importance of seeking Penguins in charm decay where the tree graph is 

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

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

dominate the more interesting t-quark (or New Physics) contribution. If Penguin 

decays are found in D decay to be large (O(10m6 - 10b5)), it may be impossible to 

unambiguously resolve the t-quark contribution to electromagnetic-penguin B decay 
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fr& the long-range effect. Thus, the contribution of the understanding of Penguin 

decays is unique here. - 
z 

3.5 Other Charmed Physics 

In addition to the topics described here, the Tau-Charm Facility will address the 

measurement of the full pattern of weak hadronic decays of the Do, D+ and D, 

- 

- 

with sensitivity beyond the DCSD level (- 10e4). Combined with precise measure- 

ments of their absolute branching fractions (- 1% systematics level), the semilep- 

tonic and pure leptonic decays, their lifetimes (from SLC and LEP) and the parallel 

measurements of B-mesons at CLEO-II, a unique opportunity exists for a thorough 

understanding of the weak-hadronic decays of heavy mesons. The Tau-Charm Fa- 

cility also offers the possibility of similar studies of charmed baryons. 

4. PHYSICS HIGHLIGHTS IN TAU DECAYS 

- 
The Tau-Charm Facility best addresses four areas in tau-physics: 

- 

(1) The absolute b ranching ratios for ecv, ~VV, TV, KV and the precise measure- 

ments of all other r decay rates. 

(2) The V~ mass. 

(3) The Lorentz structure of tau-decay matrix elements. 

(4) Limits on the rare or forbidden decays. 

4.1 Precise Measurements of r + efiu, pi;lv, ru, and Kv 

The one prong branching fractions can be accurately predicted by the Standard 

Model. It is important to test the theory at least to the level of the electroweak 

radiative corrections (N $ - 1%). Any deviation from the predictions would of course 

indicate New Physics, with the most likely candidates being intermediate particles 

that couple either to mass or generation number, such as Higgs or leptoquarks. 
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:A detailed study of the l-prong branching fraction measurements at the Tau- 

Charm Facility is given in the Workshop!‘31 The main background in these measure- 

f ments is the confusion of one T decay with another. By running slightly (1 MeV) 

above threshold, the powerful kinematic separation of particles (see Figure l), is --I 
possible allowing the determination of with absolute branching ratios to - f% frac- 

tional error. 

- 
4.2 The z+ Mass 

The current experimental limit on the ur mass (35 MeV) is far weaker, relative 

to its charged partner, than the corresponding limits on the ue and ucL masses. If 

neutrinos do have mass, one expects a hierarchy leaving the z+ as the most massive. 

- It is important to search with increasing sensitivity for a finite ur mass. 
.- . A detailed study of the ur mass measurement has been done!“’ The key feature 

here is that the r decay products have a low momentum allowing better mass res- 

olution. he The measurement of m,, also requires that the absolute mass scale be 
- 

correct to 10v3 of the mass measured. calibrate the mass scale. D+ decays with 

mass very close to endpoint of 57r from r decay provide large statistics to check for 

systematics. We estimate that a 3 MeV limit on myz can be set with a one-year 

sample, for the measurement of mv, using the endpoint of the mass distribution in 

the 7t-+r+n+7r-rlrw ur. final state. 5 pion mass distributions for various u, masses 

for the Tau-Charm expected data sample are shown in Figure 2. 

4.3 Lorente Structure of Matrix Elements 

Measurement of the Lorentz structure of the tau-lepton provides a sensitive test 

of the universality of weak-interactions, and the presence of non V-A components 

that may arise from scalars (charged Higgs) or right handed gauge bosons. Unlike 

the muon case, we know very little about the spin structure of the 7. At present, 

of the Michel parameters, only p is measured and not very well (- 10% accuracy), 

however, only the full set of Michel parameters are sensitive to New Physics, (eg: 

right handed W’s), whereas p alone is not. 
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2he measurement of the Lorentz structure for r decay is decribed in detail else- 

where!15] We estimate that at the Tau-Charm Facility the Michel parameters can - 
i be measured with an accuracy comparable to those for muon decay (see Table VI). 

-: 

._ 

- 

- . 

Table VI 

Precision of Tau-Decay Parameters 

Lepton P rl t 6 5fl I 
p - present 0.003 0.013 0.01 0.004 - 

r - present 0.05 - - - - 

T(L = 1032) 0.01 0.03 0.03 0.03 0.3c 

T(L = 1033) 0.003 0.02 0.02 0.02 O.lC 

4.4 Rare or Forbidden Decays 

- 

The advantage of a Tau-Charm Facility for measuring rare r decays is that the 

maximum cross-section for rr pairs occurs at 4.2 GeV, where it is -4X that at 

the T(4S); this translates directly to sensitivity for rare or forbidden r decays. In 

particular, we anticipate being sensitive to r branching fractions on the order of 

10e8, if backgrounds are reducible. Furthermore, the observation of a positive signal 

is easily tested by moving below rr threshold. 

5. CONCLUSIONS 

A 1O33 Tau-Charm Facility provides an extensive program of fundamental physics, 

e.g.,to measure second order weak interactions (O”oo mixing) at the Standard 

Model level, to make precise measurements of fundamental constants ( fD, fD,, I&, 

V,,, m,,), to make precise tests of the theory (l-prong branching fractions of the T), 

and to reach a high sensitivity for rare processes that would signal the onset of New 

Physics( e.g. in the charm sector, CP violation or flavor-changing neutral currents). 

A rich parallel program of charmonium, light-quark and gluonium spectroscopy also 

becomes available. 
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Fig. 1 The momentum distribution of x, K, and e(p) just above T-pair t&&old 
for one-prong 3- decays. 
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Fig. 2 The 5 pion mass distribution from T decay assuming ur masses of 20, 
10, 5 and 1 MeV, respectively. Statistics correspond to a 1 year run 
at 4 = 4.2GeV/c 2. Curve indicates fit to the distribution with detector 
resolution. 


