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Abstract 

Physics from a Tau Charm Factory is presented. 
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INTRODUCTION 

T au Charm Factories proposed forfuture machines will provide powerful and unique fa­

cilities to study a variety of physics topics: the tau lepton, charm mesons, charmonium 

and the J/v decays. These topics cover the physics of the members of the first and second 

quark doublets and the third 

lepton doublet. The number of 

events produced in a running 

year of 5,000 hours is shown in 

table 1. This represents a factor 

100-1000 increase over previous 

data samples. A workshop nek) 

at Stanford Linear Accelerator 

Center!1! reviewed the physics,'2! 

the machine® and the detectorM 

for such a facility. In this paper, 

highlights of this meeting wMI be 

Table, i Tau Charm Factory particle yields at 1 0 3 3 

J/? 
£adfcla Produced events 

J/? 
£adfcla 

109/month 

3.680 ¥' 5x108/monlh 

2m(t)+2 MeV t V 4x10 6 pairs/year 

3.67 GeV t V 4x10 7 pairs/year 

r " (3.77) D°D° 4x10 7 pairs/year 
V" (3.77) D+D" 5x10 7 pairs/year 
4.03 GeV Ds+Ds" 10 7 pairs/year 

4.14 GeV DsDs* 2x10 7 pairs/year 
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reviewed. We wM begin with a short sketch of the machine issues and then briefly describe 
topics in tau, charm and Charmonkim-Jltyr physics. 

Schematic Diagram of 
the tau charm facility 

LINAC 

separate e+e - rings 

Fig. 1 Layout of a Tau Charm Factory 

STORABEHINQ 

The machine for the 
Tau Charm Factory was 
studied extensively by ac­
celerator physicists.'3! 
The main conclusion was; 
the machine is difficult to 
build but wed within 
present day technologies. 
The schematic layout is 
shown in Fig. 1. The gen­
eral layout plan is to have 
separate rings, a dedicated e'1'and e'injector and probably a single interaction region. The 
operating range was chosen in the energy range 3-4.2 GeV. The peak luminosity to be ob­
tained is L - 1 0 3 3 cm" 2*" 1 at £-4 .0 GeV and at lower energies the luminosity should scale 

quadratically downward. It is expected to achieve high integrated luminosity with frequent fill­
ing of the rings, "topping off-, which would occur every 30-60 minutes. The start up luminosi­
ty is expected to a tew times 1 0 3 3 c m ' V and In a few years achieve routine 1 0 3 3 running. 

The design parameters considered were 24 bunches per beam, a current of 0.5 ampere 
and beta values of P / - 2 0 cm and p *«1 cm to achieve a luminosity of 1 0 3 3 c m ' V 1 . The 
main technical chaHengw to handle ampere sized currents include the vacuum system de­
sign and beam loading. The only technical hurdles for the detector are the requirements ol 
close in mini-beta quad magnets, a SO ns beam crossing and up to a i Khz signal rate for the 
Jfy decays. 

TAU PHYSICS 

Tau physics in a Tau Charm Factory has several important advantages: 
* We* defined low energy kinematics for tagging 
* Low momentum tracks for high resolution mass measurements 
* Small backgrounds (no charm nor beauty decays) 
* PossMMy to run below x*t~ threshold to study backgrounds 
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Fig. 2 Five pion endpoint mass 

In the following physics examples.!5' the 

data sample is based on two years of run­

ning at the design luminosity. The branch­

ing ratio measurements and Michel parame­

ter measurements were studied very near 

threshold to take advantage of tau's being 

almost at rest. The tau neutrino measure­

ment was done at a center mass energy of 

4.2 GeV. 

Tau neutrino mast 

The tau neutrino mass may be mea­

sured from the decay %-*Sxv. The basic 

technique is to measure the end point 

mass spectrum of the five pions. The key 

benefits are the very high statistics and the excellent mass resolution attainable due to the 

low momentum (~300 MeV/c) of the pions from a tau which is nearly at rest in the lab. The 

end point spectrum (or a one MeV tau neutrino mass is shown in Fig. 2. For a two year run at 

a center mass energy of 4.2 GeV, there will be -1000 events near the end point, m(5it)>l 750 

MeV. This limit will approach 3 MeV which 

will improve the current limit ol 35 MeV by a 

factor of ten. 

Tau absolute branching ratios 

The precise determination of absolute 

tau branching ratios are important to study 

the one prong problem.'6 4 ' A unique ad­

vantage of the measurement of the tau 

branching ratios near threshold is the ability 

to separate by kinematics the one prong tau 

decays of x-»jtv and Kv from the i->ew 

and u.w. Near threshold, the momentum 

spectrum of the pion and the kaon in the 

one prong tau decay, appears as a narrow 

peak near the kinematic limit. This enables Fig. 3 One prong momentum spectrum 
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a useful separation from the tepk/,ifc decays where the electron and the muon momentum 

spectrum will be spread over the allowable momentum range. This is shown in Fig. 3. By 

measuring the number ol events where both tau's decay into the m modes ("double tag") and 

the number ol events where one of the two tau's decays into the xv mode ("single tag"), we 

can obtain the total number of produced tau pairs In the sample and the branching ratio 

B(t-»jcv). Using a similar technique lor the electron, muon and Kaon modes we can achieve a 

fractional error of 0.4-0.5% on the leptonic modes and 1 % on the kaon mode. This result is a 

(actor ten better than the current fractional error on the Dion modes which is 10%. 

Michel Parameters 

The Michel parameters'*', p and t|, are the constants that determine the shape ol the en­

ergy distribution oi the election or muon in the leptonic decay of the tau. These parameters 

are determined by fitting the energy spectrum of the electron or the muon. The measurement 

of these parameters from tau's produced near threshold is advantageous due to the tag se­

lection ol ihe pton mode. Selecting the e-it and u-x decay modes will provide a dean sam­

ple. In particular, the tow energy leplon energy spectrum w * not be contaminated by the B-JT 

mode which Is the case when this is studied using tau's produced at higher center of mass 

energies. The resulting study indicates the fractional error on the p parameter will be 0.4% 

which is a factor ten improvement over current values and comparable to the measurement 

lor the muon. 

Other measurements not discussed here but included in the workshop are: study of the 

multiple photon decays,'10) effects of charged Higgs in tau decays,'"' anomalous magnetic 

moments,'12) search for 2nd class currents,'13' electric dipole form factors,'"' supersymmetry 

affects in tau decays,'15' precision measurement of the tau mass,'16' QCD tests in tau de­

cays'17-1" and the search tor rare tau decays'19'. 

CHARM PHYSICS 

Charm physics in a Tau Charm Factory has several important advantages. 

• Large well established D°, D + and D» + cross sections 

• Exclusive, associated production of charm meson pairs to provide uniquely defined 

kinematics and low background contamination 
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• Wei understood light quark continuum backgrounds and the ability to run below cc 
threshold 

* Hadronic calorimelry can be used to veto background events that teed into the event 
selections with a missing neutrino 

The main limitations in further progress in understanding charm meson decays is limit­
ed statistics.'20' The Mark III obtained a combined tag sample of charged and neutral D me­
sons of less than 104. The Tau Charm Factory in two years of running will amass nearly 10 7 

lags. This very high statistics plus the detector improvements in neutral calorimetry resolu­
tion for the T] and x° modes and hadronic calorimetry to reject KL backgrounds should pro­
vide a major improvement in charm meson physics. The following examples are based on 
two years of running on the yr" • 

Leptonlc Decays 
Measurement of the teptonic decays of the Ds and the D + will provide a measurement of 

the pseuooscalar decay constant which is related to the branching ratio In the following for­
mula; 

2 
B < D + - ^ = B 7 , 2 D T D M D m > c d i 

.2 
2 

The pseudoscalar decay constant has only been measured for the pion and the kaon. It is 
basicaffy a measurement of the wavefunction overlap or the annihilation of the quark-anti-
quark pair. Its importance lies not only in testing various models'2'I but also in the model ex­
trapolation for fB which is a parameter in the box diagrams from BB mixing. If the values of 
the heavy quark decay constants are found to be anomalously too large or small, our under­
standing of the top quark mass and BB mixing may change. 

The measurement122! of the D +, Ds+-»u.+v requires the use of fully reconstructed events 
where the exclusive pair production is achieved and the only missing track is the neutrino. 
This allows the use of the constraint of the missing mass of the neutrino. In addition, hadronic 
calorimetry wiN be important to reject backgrounds with KL decays that could feed down into 
this channel. Using the expected tag sample in a Tau Charm Factory, the measurement of f 0 

and fn, should be achievable with a few percent error. The xv mode was also studied. 
Depending on the backgrounds, this mode could also provide a large rate and could provide 
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another independent measurement. Thus far there is only an upper limit for f p from the 
Mark III group. 

Exclusive Semltaptonlc Decay* 
Measurement!23} of the semleptonic decays of D-»Kev and D-Mtev in all possible modes 

will provide important measurements of the KM matrix elements.'24' The relation between the 
KM matrix element and the partial semileptonic rate is; 

r(D°-» >r-e+v)= 
G 2 M 5 

192* 3 \v«?kM p> 
The measurement win provide a measurement of the KM parameters, V ^ and V r a and the 
form factor for the hadronic transition; 

K,* K,* 
f + ( t ) = f + (0)x 

M D\F" 

M D , F . t 

The predicted number of detected events are at a few times 10 s level for the Cabbtoo allowed 
0 decays and a few times 104 level for the Cabbibo suppressed modes. The measurement is 
performed by detecting a D decaying into a Kev or xev recoiling against a D tag. An impor­
tant technique in this analysis is the use of the exclusive nature of the measurement where all 
the tracks are measured except the missing neutrino. The missing mass of the neutrino is a 
powerful constraint that other non-exclusive measurements will not have. These measure­
ments will provide a 1 % determination of the KM parameters and a precise measurement of 
the form factors. In a Tau Charm Factory the projected number of xev (Kev) events is 4x104 

(3x10s) whereas the current existing modest sample is 7 (55) from the Mark III. 

D°D» Mixing 
Mixing in the charm sector is predicted from the Standard Model to be; 

« . - ( * ) • ( # ) 
where tD is the ratio of mixed to unmixed events and AT and Am are the mass mixing param-
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eters. Expected rates from the Standard Model are rD~lO" 4-10' s and any unexpected larger 

rates could be the case for new physics.!25! The mixing can be measured by comparing the 

charge ot the leptons in events where D°D° is produced and both of the D°'s have semilep-

tonic decays. The second but more problematical technique is to use the case where both of 

the O's have the non-leptonic hadronlc decays and compare the strangeness by the sign of 

the charged kaorr. This last case may be plagued by double Cabbibo suppressed (DCSD) 

decays!26' where one D has a Cabbibo suppression at each W connection with a quark line. 

Although this rate is small, ~tan 4e c, these events cannot be separated by time evolution 

measurements in a Tau Charm Factory and they may mask the real mixing rate. It has been 

pointed out*27! that Bose statistics forbids the decay of both of the D's into identical hadronic 

states that are in a p-wave. Hence the decay y ' -» D°D°-»!CVK"V is only possible from 

mixing and not from DCSD, whereas the decays e +e~ -»T D°'5*-»>K +JC"K +*" or y' -> 

D°D°->K V x ° K V may be attributed only to DCSD or in combination with mixing. By sys­

tematically measuring decays that are s-wave (DD*) and p-wave (yr') and several hadronic 

modes that decay into identical pairs the question of mixing and DCSD can be disentangled 

and it is possible to measure Am/T and <U72r separately. The studies^8) indicate that mixing 

may be detected to a level of TQ-10" 4 and by measuring several modes in different tech­

niques the level of r 0 - l 0"5 may be obtained. 

Other charm physics topics covered in the workshop Included a measurement of the ab­

solute branching ratios of the D + , D* and Ds mesons by use of the double tag method, mea­

surement of inclusive semileptonic branching ratios,!29! search for CP violation by measuring 

differences in the D/D rates!30-31) and the search for rare D decays!32) such as ee, MM, lie, 1 3 3 1 

penguin decay modest34) and CP violating decays'31) 

J/iy AND CHARMONIUM PHYSICS 

J/yr and charmonium physics in a Tau Charm Factory will benefit enormously from the ultra 

statistics and improvements from belter detector capabilities which include; 

• High resolution electromagnetic cabrimelry 

• Uniform charged and neutral track acceptance 

• Very large solid angle and very forward angle acceptance 
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The very high statistics enables precise measurements of branching ratios of the J/y by 

use of the decay mode y ' - > w V j / y where the J/y events can be tagged by detecting 

missing mass recoil of the i c V system. One third of the y ' decays into this mode. Another 

major improvement will be the inclusive photon capabMy that a high resolution crystal calo­

rimeter wilt allow. This resolution win enable "Crystal Bar like inclusive photon resolution. 

This permits precise measurements of absolute branching ratios of radiative decays such as 

the TIC, iota, and theta as the luminosity errors win cancel out when the exclusive and inclu­

sive 

rates are measured in the same experiment. 

Charmonlum decays 

Among the charmonium decays, several measurements'35'3*) can really put the model to 

a more confining test. These include the two photon decay of the t | c and the three photon 

decay of the J/y. They are simply the two(tnree) photon diagram divided by the twoflhree) 

gluon diagram of the n c(J/y). 

r ( j / y - > e + e - ) ~ 3 * r(Tj c-»gg) 

The three photon decay of the J/y can be measured via the transition y ' -wVj /y . J/y-wr-
This channel is not affected by the e+e"->yyy background. This decay channel can be easily 

normalized as the total J/y events can be counted from studying the missing mass from the 

reVtags. The n c decays can be measured in J/y -^yr\c,t\c-*n. The normalization can be 

obtained by use of the inclusive photon measurement of the radiative photon from the i^. 

Because the inclusive measurement is performed in the same experiment the himinosiiy er­

rors will cancel out. This of course will enable precise measurements of the branching ratios 

BfT^-jKKrt) and B(i|c-)pp) which are needed to normalize two photon and antiproton gas Jet 

production of the i | c and the % states. These relations predict a rate ol 10"5 for the three pho­

ton decay of the J/y and 10"3 tor the two photon decay of the \ . In a Tau Charm Factory 

there will be 2,550 detected three photon decays of the J/y and 4,500 detected two photon 

decays of the i i c from a radiative decay of the J/y. From the existing world data there is a 
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limit for the J/yr decays and for the n c there are all combined 150 events so far detected and 
a wide range of branching ratio values from the two photon experiments. 

Search for GkMbailt and Hybrids 
The central predfction of the QCD lattice gauge theories is the existence of the lowest 

lying scalar gkiebaV. The radiative decays of the j / y are the seminal hunting ground for 
these particles. Thus far the search in J /yr -wx, -ymi and -jKK has been negative. The possi-
ble explanations include a small branching ratio andtor tr» signal is hidden by overlapping qq 
resonances. Recent theory!37* has suggested that the scalar mass may be near 1 £ GeV in­
stead of of i GeV and that the tensor mass is a factor 1.5 higher. II this is correct the gtueball 
may be hidten among the Dac^jrwrrts of p* and f (1270 

the tin and KK modes. To disentangle!"'I"! the signal from other resonances these chan­
nels requires a partial wave analysis requiring high statistics and a uniform and very forward 
acceptance. The cuirentsanipiesfroin the Mark m and E)M2 are based on 5-1 Orr^km 
events and the forward acceptances of these detector were imited to |cose|<0.8. The pro­
posed Tau Charm Factory wW produce 1 0 9 J / y events in a month ol running and the accep­
tance is designed to achieve cose measurements up to 0.95. These measurements will allow 
a careful search lor underlying resonances but also a complete measurement of many decay 
modes to verify the flavor decay of the candidates which are important tests of the giuebaJI 
predictions. 

Rare decays 
The ultra high number of J/y events allows the possibility of observing weak decays. 

We can estimate the rate from the ratio of the lifetime of the D mesons and the width of the 
Jtv; 

2 n / T ( D ) rx io~ 7 

r(Jrvr) - 5 x 1 0 

This rate is could easily be enhanced by non-spectator effects such as exchange diagrams. 
These decaysl40) could appear either as a spectacular signature in the direct decay into a 
charm meson, J/y-*D»+X, or into C or CP vioiating decays such as J/y-»K»K* or to- These 
rare decays follow similar physics proposed for very high statistics machines such a super 
LEAR or SATURNEt"! which are proposed to study rare decays of light quark mesons which 
are expected at the level of 1 0 ' 1 3 because of their wide widths. The 021 suppressed nature 
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of the J/yr causes a relatively narrow width and this provides an advantage in terms of the 

laiger branching ratios of these rare decays. Wh5» is interesting in the Tau Charm case is the 

possibility of observing these decays is within reach and the decay modas are striking and 

unmistakable. 

Other studies not discussed here include the study of light quark spectroscopy,I*2! 

search for the r\c' and the 1Pi > , 3 6 i study of the total43'44), E and theta^ mesons, search tor hy-

brids and 4-flua* states'37**), study of the pic puzzle in ^ ' decays'47'and study of T^had-

ronic decays'48!. 

S U M M A R Y 

The main conclusions of the Tau Charm studies from the workshop were; 

• Precision lau and charm measurements testing the Standard Model are possUe 
with a very high luminosity, L - I O 3 3 c m ' V 1 machine 

• Machine designs understudy, capable of this luminosity, are challenging but well 

within present technologies 

• Detector designs'40' for Tau Charm physics are easily within present daytechnoto-

gies and represent substantial improvements in physics capabilities over previous 

detectors. 

• The scope and breath of the physics is very broad, a Tau Charm Factory repre­

sents a major facility studying a wide range of particles: tau leptons, charm mesons. 

J/yc and y' decays and their secondaries. 
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