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Abstract

Physics from a Tau Charm Factory is presented.

INTRODUCTION

au Charm Faclories proposed for future machines will provide powerful and unique fa-
cilties to study a variety of physics lopics: the tau lepton, charm mesons, chamonium
and the Jw decays. These fopics cover the physics of the members of the fitst and second

quark doublets and the third — e ——
lepion doublet. The number of Tabie. 1 Tau Charm Faclory particle yields at 1033
events produced i a running ot Paticle  Producad events
year of 5,000 hours is shown in Jy Jy 10%/month

table 1. This represents a factor J| 3:680 v’ 5x10%month
100-1000 increase over previous f| 2M{t)+2 MeV t 4x108 pairsiyear
data samples. A workshop held 3.67 GeV X 4x107 pairsiyear
at Stanford Linear Acceleralor " 37 D°D° 4x107 pairsryear
Centerl? reviewed the physics2 || ¥~ G-77) o*D’ 5x107 pairsryear
the machine!® and the deteciori*! || 4-03 GeV Ds*tDs” 107 pairsiyear

for such a faciity. Inthis paper, || 414 GeV DsDs*  2x107 paire/year

highlights of this meeting will be

Tnvited talk presenied at the meeting of the]98% Inteenational
Symposium on Heavy Guark Physics at Comell
University, Ithacs, N.Y., hme 13-17, 1989
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reviewed. We will begin with a short skeich of the machine issues and then briefly describe
topics in tay, charm and charmonium-J/y physics.

STORAGE RING

The machineforthe g ematic Diagram of
Tau Charm Factory was the tau charm facility
studied axtensively by ac-

calarator physicists.(¥
The main conclusion was;
the machine is difficuk to
buiid but well within
prasent day technologies.
The schematic layout is ,
shownin Fig. 1. The gen- Fig. 1 Layout of a Tau Charm Faclory
eral layout plan is 1o have
separate rings, a dedicaled e* and ¢” injector and probably a single interaction region. The
cpevating range was chosen in the energy range 3-4.2 GeV. The peak luminosity to be ob-
tained is L«10%3 cm2s°! at E-4.0 GaV and at lower energles the uminosity should scale
quadratically downward. It is expaected to achieve high integrated luminosity with frequent fill-
ing of the rings, “lopping off*, which would occur every 30-60 minulas. The start up luminosi-
ty is expected to a few times 10%3 cm2s*1 and In a few years achieve routine 1032 running.
‘The design parameters considered were 24 bunches per beam, a current of 0.5 ampere
and beta vakwes of f,"=20 cmand B,*=1 cm to achieve a luminosity of 10 cm2s™. The
main technical chalenges 1o handle ampere sized currents include the vacuum system de-
sign and beam loading. The only technical hurdies for the detector are the requirements ol
close in mini-beta quad magnets, a 50 ns beam crossing and up 1o a 1 Khz signal rate for the
J/y decays.

JAU PHYSICS

Tau physics in a Tau Charm Factory has several important advantages:
® Well defined low energy kinematics for tagging
@ Low momerttum tracks for high resolution mass measuramans
©® Smail backgrounds { no charm nor beauty dacays )
® Posalbility 10 run below T+ threshold 10 study backgrounds

separate e+e- rings

LINAC
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In the following phiysics examples Il the
data sampla is based on two years of run-
ning at the design luminosity. The branch-
ing ratio measurements and Michel parame-
ter measuremants were studied very near
threshold to take advantage of tau's being
almost al rest. The tau neutrind measure-
ment was done at a center mass energy of
4.2 GeV.

Tau neutrino mass

The tau neutrino mass may be mea-
sured from the decay 1—Sxv. The basic
technique is {o measure the end point
mass spectrum of the five pions. The key
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Fig. 2 Five pion endpoint mass

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 lau which is nearly at rest in the lab. The
end point spectrum for a one MeV 1au neutrind 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(5x)>1750
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Fig. 3 One prong momentum spectrum

MeV. This limit will approach 3 MaV which
will improve the current limit of 35 MeV by a
factor of ten .
Tau absolute branching ratios

The precise determination of absolute
tau branching ratios are imponant 10 study
the one prong problem.[¢8! A unique ad-
vantage of the measurement of the tau
branching ratios near threshold is the ability
1o separate by kinematics the one prong tau
decays of t—onv and Kv from the 1—oevv
and pvv. Near threshokd, the momentum
spectrum of the pion and the kaon in the
one piong lau decay, appears as a narrow
peak near the kinematic limit. This enables
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a useful separation from the lepicnic decays where the electron and the muon momentum

spectrum will be spread over the aliowable momentum range. This is shown in Fig. 3. By
measuring 1he number of events where both tau's decay into the xv modes ("double tag“) and
the number of events where one of the two tau’s decays ino the xv mode (“single tag’), we
can ottain the total number of produced tau pairs in the sampie and the branching ratio
B(t—xv}. Using a similar technique 0 the electron, muon and kaon modas we can achieve a
fractional error of 0.4-0.5% on the leplonic modes and 1% on the kaon mode. This result is a
factor ten better than the cumant fractional error on the pion modes which is 10%.

Michel Parameters

The Michel parameters!®), p and 7, are the constants that determine the shape of the en-
argy distribution of the electron or muon in the faptonic decay of the tau. These parameters
are determined by fitting the energy spectrum of the electron or 1he muon, The measurement
of thase parameters from tau's produced near thrashold is advantageous due 10 the tag se-
lection of tha pion mode. Selecting the e-x and y-x decay mades will provide a clean sam-
ple. In particular, the low energy leplon energy spscirum will not be contaminated by the n—=x
mode which is the case when this is shuiled using tau's produced at higher center of mass
enargies. The resulting study indicates the fractional error on the p parameter will be 0.4%
which is a faclor ten improvement over current values and comparabie 10 the measurgment
for the muon.

Other measurements not discussed hare but included in the workshop are: study of the
multiple photon decays, ™ effects of charged Higgs in tau decays,''l anomalous magnetic
moments,!'2 gearch for 2nd class currants,(3l slectric dipole form factors, !4 supersymmetry
affects in tau decays,'s! precision measurement of the tau mass (6l GCD tests in tau de-
cays!'?.*l and the search for rare tau dacaysf*9l.

CHARM PHYSICS

Charm physics in a Tau Charm Faclory has several important advantages:

® Large well established D°, D¥ and Da* cross sections

® Exclusive, associated production of charm meson pairs to provide uniquely defined
kinematics and iow background contamination
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© Well undersiood kght quark continuum backgrounds and the ability fo run below cc
threshold
® Hadronic calorimedry can be used to veto background events that teed into the event
seloctions with a missing neutrine
The main limitations in further progress in understanding charm meson decays is limit-
&d statistics [20) The Mark lil obtained a combined tag sampie of charged and neutral D me-
sons of less than 10%. The Tau Charm Faclory in two years of running will amass nearly 107
fags. This very high statistics plus the detector improvements in neulral calorimetry resolu-
tion for the 3 and x° modes and hadronic calorimetry 1o reject K| backgrounds shoukd pro-
vide a major improvement in charm meson physics. The following examples are based on
two years of running onthe w .

Leptonic Decays

Measurement of ihe leptonic decays of the Ds and the O* will provide a measurement of
the pseudoscalar decay constanl which is related to the branching ratio in the following for-
mula;

2 2 2
G m
+ + __F2 2 __#
B(D = g'v)= Bn'DfDMDmFIVcd1 1 5
MD

The pseudoscalar decay constant has only been measured for the pion and the kaon. Iltis
basically a measurement of the wavefunction overiap or the annihilation of the quark-anti-
quark pair. Its importance lies not only in testing various modelsl2 but also in the model ex-
trapolation for {5 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-
standifip of the top quark mass and BB mixing may change.

The measurement?l of the DY, Ds* —p'v requires the use of fully reconstructed events
whera the exclusive pair production is achieved and the only missing track is the neutrino.
This aliows the use of the constraint of the missing mass of the neulrino. In addition, hadronic
calorimetry will be important to reject backgrounds with K| decays that could feed down into
this channel. Using the expected tag sample in a Tau Charm Faclory, the measurement of fp,
and fp, should be achievable with a few percent emor. The tv 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, from the

Mark it group.

Exclusive Semlileplonic Decays
Measurementi®] of the semileplonic decays of D—Kev and D-zev in all possible modes

will provide important measurements of the KM matrix elements.j24 The relalion between the
KM matrix element and the partiai semileptonic rate is;

§

G2m 2
rp°- ze*v)= 1:23 |v°d|2j]1f(|)| pdadt

The measurement will provide a measurement of the KM paramelers, V4 and V., and the
form factor for the hadronic transition;

M
Kx Kx D F*
W=t x|
Mpe gt

The predicted number of detected events are at a few times 105 level for the Cabbibo allowed
D decays and a few times 10% level for the Cabbibo suppressad modes. The measurement is
performed by detacting a D decaying inlo 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 Chamn Factory the projected number of xev (Kev) events is 4x10¢
(3x10°) whereas the current existing modest sample is 7 (55) from the Mark Ill,

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

2 2
Am alr
2rg= (r) *(“zr)

where rp is the ratio of mixed 10 unmixed events and A" and Am arg the mass mixing param-
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aters. Expacied rates from the Standard Model are  y~10"4-10"5 and any unexpected larger
rates could ba the case for new physics.i25l  The mixing can be measured by comparing the
charge of the lgplons in events where D°D°is produced and both of the D*'s have semilep-
tonic decays. The second but more problematical technique is 1o use the case wherg both of
the D's have the non-leptonic hadronic decays and compare the strangeness by the sign of
the charged kaon. This last case may be plagued by double Cabbibo suppressed (DCSD)
decaysi?®l whera one D has a Cabbibo suppression at each W connection with a quark line.
Although this rale is small, ~tan*9,,, 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 outl?] 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 v~ — D°D°—K*x'K*x” is only possible from
mixing and not trom DCSD, whereas the decays e~ 5y D°D* K 'xK¥x™ or y’
D°D°~K*x'x K*x” may be atiribuied oniy to DCSD or in combination with mixing. By sys-
tematically measuring decays that are s-wave (DD*) and p-wave (y “) and several hadronic
modes that decay into identical pairs the question of mixing and DCSD can be disentangled
and it is possible to measure AmVT™ and AT/2T separately. The studiesi? indicate that mixing
may be detected fo a level of ry=10™ and by measuring several modes in ditferent tech-
niques the level of rp=10"5 may be oblained.

Othar 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 doubla tag method, mea-
surement of inclusive semileptonic branching ratios, 1?9 search for CF violation by measuring
ditierences in the D/D ratesi®31l and the search for rare D decayst such as ee, uy, pe,
penguin decay modesi®] and CP violating decays 51

ally AND CHARMONIUM PHYSICS

Jiy and charmonium physics in a Tau Charm Factory will benefit enormously from the uitra
statistics and improvements from better detoctor capabilities which include;

® High resolution electromagnetic calorimelry

® 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* —% X Wy where the Wy evenis can be lagged by detecting
missing mass recoil of the x*x™ system. Ona third of the y * decays into this made. Another
major improvement will be the inchisive pholon capability that a high resolution crystal calo-
rimeter will aliow. This rasolstion will enable “Crystal Bak” lie inclusive photon resolution.
This permils precise measurements of absolute branching ratios of radiative decays such as
the n,, iota, and theta as the luminosity errors will cancel out when the exclusive and inClu-
sive
rates are measured in the same experiment.

Charmonium decays

Among the charmonium decays, several measurementsP5] can really put the model to
a more confining test. These inchde the two pholon decay of the 1, and the three photon
decay of the J/iyr. They are simply the two(three) photon diagram divided by the iwo{tixee)
glucn diagram of the n(J/w).

4
TWy—yr) 4“:("2'9’ Flng—=m g g 2(_"1)
rdy-e'e 3z T, —>99) 3(“:) 2/3

The three photon decay of the Wy can be measured via the Iransition v it x Jiw, Jy—ryyy.

This channel is not affected by the 6*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

*x" lags. The n decays can be msasured in J/y -»m,, N—y. The normalization can be

abtained by use of the inclusive photon measurement of the radiative pholon from the n,.

Because the inclusive measurement is performed in the same experimeant the luminasity er- :
rors will cancel out. This of course will enable precise measurements of the branching ratios i
B{n,~KKx) and B(1,-»pp) which are needed 1o normalize two pholon and antiproton gas jet
production of the 1, and the i, states. Thesa relations predici a rate of 10°S for the three pho-
ton decay of the J/y and 10°3 for the two photon decay of the 1. In a Tau Charm Factory :
there will be 2,550 detected three phaton decays of the J/y and 4,500 detected two photon
decays of the 1, from a radiative decay of the J/y . From the exisling worid dala there is a
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limit for the J/y decays and for the 7, there are ail combinad 150 events 80 far detected and

awida range of branching rafio values from the two photn experiments.

Search for Glusballs and Hybrids

The central prediction of the QCD lattice gauge thaories is the axistence of the lowest
lying scalar giueball. The radéative decays of the J/y are the seminal hunting ground for
these particles, Thus far the search in J/yw —yxx, i and ¥KK has been negative. The possi-
ble explanations include a small branching ratio and/or the signat is hidden by overiapping qq
resonances. Recent theory!™ has suggested that the scalar mass may ba near 1.5 GeV in-
stead of of 1 GeV and that tha tensor mass is a factor 1.5 higher. f this is corvect the giueball
may be hidden among the backgrounds of px ang 1{1270) in the xx mode and the f{1525) in
the nm and KK modes. To diseniangie!™ %1 the signal from other resonances these chan-
nels requires a partial wave analysis requiring high statistics and a uniorm and vary forward
acceplance. The current sampies from the Mark Il ang DM2 are based on 5-10 miliion
events and the forward acceplances of these detector were imited 1o |c086{<0.8. The pro-
posed Tau Charm Factory whl produce 10° J/y avents in a month of running and the accep-
tance is designed 1o achiove 080 measuremonis up to 0.95. These measurements will allow
a careful search for underlying resonances but also a complete measuremem of many decay
modas to varity the flavor decay of the candidates which are important tests of the giueball
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 etime of the D mesons and the width of the
Jw;

2D} 5 x10-7

r(dv)
This rate ks could easily be enhanced by non-speciator effects such as exchange diagrams.
These decaysi*d could appear either as a spectacular signatura in the direc! decay into a
charm meson, Jy —Ds+X, orinto C or CP violating decays such as J/y —KsKs or ¢¢. These
rare dacays foliow similar physics proposed for very high siatistics machines such a super
LEAR or SATURNE!!] which are proposed to study rare decays of ight quark mesons which
are expoctod at the levei of 10°12 because of their wide widths. The O2I suppressed nature
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of the J/iy causas a relatively namow width and this provides an advantage in terms of the
farger branching ratios of these rare decays. Wha2t 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 inchude the study of light quark spectroscopy,i*21

search for the 1" and the 1p, 1% study of the iota!4344], E and thetal* mesons, search for hy-
brids and 4-quark stales(™”*¢), study of the px puzzie in v * decays(*’i and study of n_ had-
ronic decays!],

SUMMARY

[t

(2}
(31
4]
(5]

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

® Precision 1au and charm measurements fasting the Standard Model are possible
with a very high luminosity, L=10%3 cm™2s™! machine

¢ Machine designs understudy, capabie of this luminosity, are challenging but wel
within present technologies

@ Detector designsi4®i for Tau Charm physics are easkty within present daytecihnolo-
gias and represent subslantial 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 stdying a wide range of particles: 1au lepions, charm mesons,
Jiy and y’ decays and their secondaries.
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