




















































































































































































































6.1 Summary of Results 96 

pair production cross section at Ecm = 29 GeV is 0.135 nb, but is 1.01 nb at Ecm 

= 10 GeV, a 7.5-fold increase! CLEO-II is expected to have over double the total 

Mark II luminosity after only one year of running; its muon solid-angle coverage is also 

approximately double and its finely segmented electromagnetic calorimeter of cesium 

iodide crystals has little background from electronic noise for detecting photons of 

> 100 MeV energy.47 For photons above 300 MeV, after one year of running, CLEO-II 

should have about 20 times more T- --+ Vr µ- Vµ/ events than the 10 events extracted 

from the data here. (A more conservative estimate in the level of increase of number 

of events may be required, however. The decay products of the other tau may be of 

too low energy to pass event requirements, etc.) It is also much easier for CLEO-II 

to detect decay radiation from other tau decay modes because of the larger opening 

angle between the photon and the charged tagged particle. 

The issues considered in this thesis analysis should prove useful to those in the 

future who study radiative tau events, possible anomalous sources of photons, and 

the one charged-prong tau discrepancy. 



Appendix A 

Appendix 

A.1 Decay Channels in the Tau-Pair Monte Carlo 

KORALB17 is the main tau-pair Monte Carlo program used in this thesis anal­

ysis to estimate the detection efficiency of tau events. The decay channels available 

in KORALB are all the leptonic tau decay modes and the major hadronic ones: ?T-, 

p-, and a!. Simulations of missing hadronic decay modes, particularly those con­

taining multiple ?T0 's along with charged hadrons, are handled by incorporating into 

KORALB simulations of the missing modes from another tau-pair generator, the 

LULEPT-LUND42 Monte Carlo. Because the efficiencies for detecting signal events 

in the 1 vs 1 and 1 vs 3 tau-pair topologies differ by about 20%, it is important 

that the Monte Carlo reproduces the experimentally-measured topological branching 

ratios. One complication is the one-prong discrepancy (see the Introduction Chap­

ter) between the inclusive and exclusive branching measurements, since the unknown, 

missing modes cannot be simulated. The approach taken here is to check that the 

sum of the individual branching ratios Bi in the Monte Carlo program agrees with 

the experimentally found topological ratios, Bi : Ba : Bs = 86.6 : 13.3 : 0.1. A 

correction factor is then applied to derived efficiencies for the over-estimated branch­

ing ratios. The branching ratio values selected for KORALB listed in Table A.1 are 

based on a recent Mark II tau branching ratio analysis.48 In that work, a simulta-
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neous fit was performed on a sample of unbiased tau decays which were categorized 

into e,µ, 7r, 7r7ro ••• modes, where the sum of the branching ratios was constrained to 

be one. 

Table A.l. The following T branching ratios are used in the tau-pair Monte 
Carlo, KORALB. Values are based on ref. 48. 

Decay B.R.(%) 

T - --+ Vre - Ve 19.1 

T - --+ Vrµ - Vµ. 18.6 

T - --+ Vr 7r - 11.4 

T - --+ Vr p - 25.6 

T---+ VrK- 0.7 

T---+ Vr K* 
-

1.3 

T - --+ Vr a! 13.0 

T---+ Vr lid 10.2 

A.2 Details of Signal and Background Contribution Estimates 

The following sections contain a detailed discussion of the procedure for estimat­

ing the signal and background contributions and the uncertainty on these estimates. 

A.2.1 Radiative Tau-Pair Production 

The tau-pair Monte Carlo, KORALB,17 used to estimate the selection efficiency 

for tau events simulates the process e+e- --+ r+r-(J), where a real photon may be 

emitted from the initial state e- je+ or from the final state T- jr+. Tau-pair events 

were generated where one tau decays to v µ iJ and the other tau to all modes listed in 

Table A.l. 

Withar---+ vrµ- vµ. branching ratio of (17.8±.4)% 13
, a total tau-pair produc­

tion cross section of a(e+e- --+ r+r- (J)) = 135 pb, and a total integrated luminosity 
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of (207.9 ± .5 ± 2.8 pb-1 ) 35 •33 , the total number of muonic tau decays expected in 

the data is 9992 ± 263. After passing the Monte Carlo events through the selection 

criteria, an estimated 40. 7 events are expected to be detected. Table A.2 lists the 

event cuts where most of the detection inefficiencies occurs. There are two major 

inefficiencies: 1) incomplete muon detector coverage, the (1 + cos2 0) tau-pair po­

lar angle distribution combined with 2) the requirement that candidate muons have 

momentum above 2 Ge V. 

Table A.2. The selection criteria where most of the e+e--+ r+r-1, with a 
decay to the inclusive muon mode, events are removed. The first number is 
the percent of events which survive, relative to the total number of Monte 
Carlo events generated. Since other event criteria are applied, such as total 
energy requirements, between the ones listed below, I give a second number 
showing the effect of the cut alone, the ratio of events before and after the 
cut . 

e-t-e- -+ r-t-T-/ 

Events remaining with respect to 

Description of Cut total number generated number prior to cut 

2-6 charge tracks 76% 76% 

1 muon candidate 23% 30% 

1 photon candidate 

within 90° of muon 0.63% 2.9% 

The main sources of error in the efficiency estimates come from the uncertain­

ties in the luminosity (1.4%), in the r- -+ Vr µ- liµ branching ratio (2.2%), in the 

photon detection efficiency (3.0%), in the muon identification efficiency (5.0%), and 

the statistics of the Monte Carlo (3.2%) and the uncertainty in the branching ratios 

used for the other tau in the Monte Carlo event which is allowed to decay to all 

modes (4.5%). The last error is estimated by using Monte Carlo events generated 
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with a different set of of tau decay branching ratios (though all are scaled higher to 

compensate for the one-prong discrepancy) that are more consistent with the values 

provided by the Particle Data Group13 . The various errors give a total uncertainty 

of "" 8% on the radiative tau production contribution. 

In addition to estimating the contribution from 0( a 3 ) QED radiative tau pro­

duction, it is necessary to check if higher order processes contribute as well. This 

is done using the KORALZ344 Monte Carlo which includes contributions from soft 

photons summed rigorously up to infinite order as well as contributions from mul­

tiple hard photons. Multiple QED hard photon emission is permitted from the ini­

tial state and single-photon emission from the final state. Therefore, KORALZ3 

is useful for estimating events from higher order QED processes such as e+ e- ~ 

T+T-/final state(/)initial state, which turn out to have negligible contributions. 

A.2.2 Radiative Tau Decay 

The expected contribution from radiative tau decay events is also estimated 

with the tau Monte Carlo, KORALB, where the radiative decay mode, 11 µ V/, is 

incorporated as described in Chapter 3. In order to extract the branching ratio 

B( T- ~ llr µ- Vµ/ ), it is necessary to estimate the efficiency for detecting this decay 

channel. Including full detector simulation, twenty thousand Monte Carlo tau-pair 

events are generated with one tau decaying to 11 µ V/ and the other tau decaying 

to all modes (described above). After passing the events through all the selection 

and background-rejection criteria discussed earlier, about 5.1 % of the events remain. 

Table A.3 shows that the cuts where most events are rejected are very similar to the 

case for radiative tau production. 

A .2.3 Misidentified Tau Processes 

Misidentified hadronic tau decays result from the detection of muons from hadron 

decays or the detection of hadrons which punch through the muon system, combined 
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Table A.3. The event selection criteria where most of the T- --+ Vr µ-flµ/ 

signal is lost. For an explanation of the percentages shown, see Table A.2. 

e-re- --+ r-rr-, T - --+ Vrµ 
-

Vµ 

Events remaining with respect to 

Description of Cut total number generated number prior to cut 

2-6 charge tracks 76% 76% 

1 muon candiate 21% 27% 

1 photon candiate 

within 90° of muon 7.5% 40% 
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with the presence of a photon from QED processes or from pi-zero decay. Because 

the branching ratio for tau decay to kaons is very small ("" 2% level), most of the 

misidentified tau background comes from the decays to the charged-p mode. 

The total probability of pion decay plus punchthrough is measured in a study 

separate from the radiative tau analysis, using 1054 pion tracks from r± --+ 37r±v and 

960 from r± --+ 7r±(> 21)v to be 0.007 ± 0.002, where the error is mostly statistical. 

The pion sample is required to pass the same momentum (2:: 2 GeV) and acceptance 

criteria as those in the event selection and the sample has ~ 1 % contamination. 

Pions decay to muons in distance d with a probablity 

P( d) = 1 _ e - dh/3cr = 1 _ e-md/pr 

which depends on the mass m, lifetime T, and momentum p of the pion. Therefore, 

the probability of pion decay decreases with higher momenta. Pion punchthrough, 

on the other hand, has a probability that increases with momentum. It turns out 

the total probability (decay plus punch through) is insensitive to momentum. For 

example, in ref. 40, where the two processes are estimated separately, the sum of 

the two probabilities for different momenta is reasonably constant . (See Table A.4, 
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where the probabilities shown are based on a narrower search region for hits around 

the projected drift chamber track into the muon system than the one used in this 

thesis. See Chapter 4; these probabilities are estimated from hadronic data and Monte 

Carlo.) 

Table A.4. An example of pion decay and punchthrough probabilities mea­
surement from ref. 40, where the error on the punchthrough values is about 
40% and on decay about 20%. The sum of the two probabilities is fairly 
constant for different momenta. 

Momentum Punch through Decay Sum 

2 - 2.5 GeV .0022 .0035 .0057± .0011 

2.5 - 3 GeV .0024 .0040 .0064± .0012 

3 - 3.5 GeV .0025 .0041 .0066± .0013 

3.5 - 4 GeV .0027 .0039 .0066± .0013 

4 - 4.5 GeV .0028 .0038 .0066± .0014 

4.5 - 5 GeV .0030 .0037 .0067± .0014 

5 - 5.5 GeV .0032 .0034 .0066± .0015 

5.5 - 6 GeV .0036 .0030 .0066± .0016 

~ 6 GeV .0043 .0020 .0065± .0018 

Monte Carlo tau-pair events, with one tau decaying only to hadronic modes and 

the other tau to all modes, are used to estimate the background from misidentified 

tau events. The branching ratios used for the hadronic modes are based on the 

Particle Data Group13 values, with,_., 23% for the major contribution that is from the 

T- -l- vT p- mode ( ,_., 39% for the T- -l- vT (hadrons) -(~ l7r0 ) mode). The number of 

charged hadronic decays passing all event selection criteria (except the muon-detector 

hits requirement) is multiplied by the total misidentification probability to give the 
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contribution from misidentified hadrons, expected to be 8.9 events (statistical error 

less than 1 %). 

This estimate has a systematic error due to the low statistics in the measurement 

of the pion decay and punchthrough probability ('""' 30%) and due to the uncertainty 

in the hadronic branching ratios of the tau. Most of the misidentified hadronic tau 

decays are due to the 7r±7ro combination. The Particle Data Group13 tau branching 

ratio for the rho mode has a 5% error (22.3±1.1)%. To be conservative, a larger 

uncertainty which takes into account the uncertainty in other hadronic tau decay 

modes is instead used (i.e., the T- --+ llr (hadrons)-(~ 0 neutrals) branching ratio 

with a'""' 15% uncertainty is used).* 

Another source of systematic error that needs to be considered is the accuracy 

of the Monte Carlo simulation of the detection of single vs double photons from 

pi-zero decay, 7ro --+ ii· Only the cases where the two photons are emitted very 

closely and detected as one merged photon or where one photon goes undetected 

(e.g., passed through the calorimeter gaps) would fake the conditions required by 

the event selection criteria. The Monte Carlo simulation of the calorimeter used 

throughout this analysis is the same as that used in a Mark II measurement of the 

T- --+ llr p- branching ratio49 , where the detection efficiency for single vs double 

photons is an issue. That T- --+ llr p- measurement yielded a branching ratio value 

of (22.3±0.6±1.4)% with a total uncertainty of 7%, which is used here to assign an 

estimated 10% uncertainty in the modeling of pi-zero detection (also see discussion for 

fig. 5.9) and is now summed in quadrature with the other two systematic uncertainties. 

In summary, the misidentified hadronic tau contribution is estimated to be 8.9 ± 3.1 

events. 

* The Particle Data Group finds a fitted value of (50 .3±.6)% and an average value 
of ( 49±7)%. The uncertainty on the second value is used. 
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A.2.4 Radiative Mu-Pair Processes 

The small background from radiative mu-pair events is estimated with the KO­

RALZ3 Monte Carlo, described in section A.3.1, which includes multiple initial state 

and single final state bremsstrahlung. An estimated 2.6±0.3 (statistical error) Monte 

Carlo events survive the event selection criteria, and Table A.5 shows that the total en­

ergy cut is very effective in removing this background, particularly for the 0( a 3 ) QED 

e+ e- -1- µ+ µ-1 process. For removing higher order (e .g., O(a4 )) QED processes such 

as e+e- --t µ+ µ-1(/heam background where initial state hard bremsstrahlung is pri­

marily near the beam direction and goes undetected, requiring energy balance along 

the beam direction and/or missing mass cuts are more effective. 

Table A.5. The selection criteria where most of the O(a3
) and O(a4

) mu-pair 
production backgrounds are removed. For an explanation of the percentages 
shown, see Table A.3. 

e+e- -1- µ+ µ - 1(1) 

Events remaining with respect to 

Description of Cut total number generated number prior to cut 

1 muon candiate 26% -

total energy <24Ge V 3.7% 15% 

1 photon candiate 

within 90° of muon .2% 6.9% 

energy balance 

along beam direction .05% 28% 

missing mass and 

kinematic constraints .015% 33% 

Order ( a 3 ) QED Monte Carlo calculations from KORALB predict less than .5 

events background contribution from the O(a3 ) e+e- -1- µ+ µ-1 process. Therefore, 
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most of the 2.6 events from radiative mu-pair background comes from yet-higher 

order QED processes like e+e- -+ µ+µ-1(1) estimated using the algorithm of the 

other tau Monte Carlo, KORALZ3. As shown in fig. A.1, KORALZ3 reproduces the 

observed shapes of kinematic variables such as the photon energy, aplanarity and mass 

spectra, for e+e- -+ µ+ µ-1(/)beam events selected by requiring two muons and good 

x2 from a kinematic constraint for the e+e--+ µ+µ-1(/heam configuration where 

the undetected photon must lie along the beam axis (see tau analysis background 

rejection cuts in Chapter 5). 

Systematic errors on the estimate of the O(~ a 3
) radiative mu-pair contribution 

are difficult to assess partly because O(~ a 4 ) QED processes are rarely measured 

and only recently included in "standard" Monte Carlo programs. One source of 

uncertainty is the effectiveness of the kinematic cuts used to reject radiative mu­

pairs, cuts selected and tuned based on the kinematics of the Monte Carlo KORALB 

(e+e- -+ µ+ µ-1) and KORALZ3 events. The kinematic-constraint cuts used in the 

tau analysis require an accurate Monte Carlo simulation of several detector resolutions 

and an accurate measurement of several quantities (i.e., accurate momentum, energy 

and position measurements). The tendency is for the Monte Carlo simulation of 

detector resolutions to be better than actual. 

A large sample of radiative mu-pair events is needed to study the possible Monte 

Carlo resolution simulation inaccuracy. In a separate analysis, such a sample of events 

is selected from the data ( 442 events) by requiring 1) two well-identified muons, 2) 

one photon with energy > 0.3 GeV, and 3) total visible energy of the event to be 

greater than 12 GeV (this is to reject two-photon e+e--+ e+e-µ+µ-1 events). A x2 

variable is formed from the measured and predicted momentum of the two charged 

and photon tracks, and the errors on the measured values. This is the same kinematic 

constraint where a f- > 30 is used to reject e+e- -+ µ+ µ-1(/)beam events in the 

tau analysis (see Chapter 5; the calculated momentum for the two muons and the 



A.2 Details of Signal and Background Contribution Estimates 

.. ... 
c .. 
> w 

.. ... 
c .. 
> w 

.. ... 
c: 
G> 
> w 

0.150 

0.125 

0.100 

0.075 

0.050 

0.025 

0.0000 

10-l 

10-2 

10-3 

0.150 

0.125 

0.100 

0.075 

0.050 

0.025 

t 
a> 

•!~ 

0 

t 
1, 

t 't 

o Monte C11rlo e•e- -> µµaCol 
+ Doto 

2 3 4 
Photon Energy CGeVl 

t ++t+ 

o Monte C!!r lo e•e- -> µµG(G) 
+ O!!t11 

5 

2.5 5 7.5 10 12.5 
Apl11n11r1 t)I (degrees) 

o Monte C11r lo e•e- -> µµaCol 
+ D11t11 

1rt$~i1~~ 
o.ooo lLJ.......J......LJ_L..__._:_+Jr~~~tIT~~~!M!~boilJ 

0 2.5 5 7.5 10 12.5 
µ-G Moss 

Figure A.l. There is good agreement between data and Monte 
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calculated energy for the photon are obtained from a kinematic constraint for the 

e+e- --+ µ+µ-1(!)beam configuration where the undetected photon must lie along 

the beam axis). There is a background of ,....., 2 events from taus, both having high 

x2 values. This small background is subtracted from the observed number of events; 

the data for high values of x2 is not significantly biased by a non-radiative-mu-pair 

background. After correction for known detector and measurement inefficiencies in 

the Monte Carlo (e.g., muon identification efficiency is higher for the Monte Carlo 

than for the data), the total number of observed events is lower than that predicted 

by the KORALZ3 Monte Carlo by,...., 15% over the entire range of x2 values. However, 
2 

for large values of x2 ( f- > 30), the data (24 events) contains ,...., 25% more events 

than predicted by KORALZ3 (19 events). The smaller average value of the x2 for 

the Monte Carlo events is attributed to a somewhat over-optimistic simulation of 

the detector resolutions. Because of the limited statistics in the high x2 region, and 

of the difference in event selection criteria for this radiative mu-pair sample vs the 

tau analysis sample, the prediction of 2.6 radiative mu-pair background in the tau 

analysis is not re-scaled. Instead, the ,...., 25% difference is used as an estimate of the 

uncertainty in the efficiency of the background rejection cuts (e.g. , the x2 cut) devised 

to remove higher order radiative mu-pair events. Together with the statistical error 

(,....., 10%), the total uncertainty in the estimated 2.6 event contribution is about 30%, 

giving 2.6 ± .8 events. 

A .2.5 Two-Photon Processes 

Two-photon events such as e+e- --+ e+e-µ+µ- are O(a4 ) QED processes (see 

fig. A.2) with large total cross sections(> 100 nb for e+e---+ e+e-µ+µ- at Ecm = 29 

GeV), due mainly to the multiperipheral diagram (a) in fig. A.2. Because of low total 

visible energy, most of these events produced will not pass the tau event selection 

criteria; however, two photon events would still be an intolerable background if not 
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Figure A.2. Examples of Feynman diagrams for the production of 
an electron and muon pair, (a) multiperipheral, (b) conversion, (c) 
bremsstrahlung and ( d-e) annihilation. 
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for the additional suppression due to the requirement of detectable bremsstrahlung 

at wide angles. 

There are several major two-photon processes having event characteristics which 

can pass the tau analysis selection cuts, including e+e- --+ e+e-?r+?r-/, e+e- --+ 

e+e-p+p-(p±--+ ?r±7r0 ) , e+e---+ e+e-r+r-(1) and e+e---+ e+e-µ+µ-/. The 

first two are a background when a charged pion track decays to a muon or punches 

through the muon detector. After the total energy requirements (see Chapter 5), the 

remaining two-photon background is small, and because the pion punchthrough and 

decay probability is less than 1 % (see the section on the misidentified tau contribu­

tion), the e+e- --+ e+e-?r+?r-/ and e+e- --+ e+e- p+ p- backgrounds turn out to be 

negligible. 
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The backgrounds from e+e- --+ e+e-µ+µ-/ and e+ e- --+ e+ e- r+r-(!) are 

estimated using the Monte Carlo GGDEPA 43 , which is based on the double equivalent 

photon approximation (which relates the cross section for two-photon process e+e---+ 

e+e-x to that of TY --+X).50 Because GGDEPA and other existing two-photon Monte 

Carlos don't include internal final-state radiation, it is necessary first to estimate from 

the data the relative rates of radiative to non-radiative two-photon events. The ratio 

e+e---+ e+e-µ+µ-/ 
e+e- --+ e+e-µ+ µ-

is measured from the data by selecting events with two detected muon tracks, low 

total visible energy and a SAT-tagged (see Small Angle Tagger system in Chapter 

4) charged track with ;:::: 1 GeV energy deposition due to the scattering electron 

or positron. The SAT tag requirement is very useful for removing background to 

e+e---+ e+e-µ+µ-(1) events from (radiative) muon and tau pair events. The ratio 

of radiative (where the emitted photon may be from the external electron/positron 

legs or from the internal muon legs) to non-radiative e+e- --+ e+e-µ+µ- events is 

found to be ,.....,, 0.012 ± 0.005 where the error is statistical and the .012 value is an 

average of the results where the selection criteria are varied (the total visible energy 

is varied between 14-24 GeV, and a cut on the vector sum of the tracks' momenta 

transverse to the beam direction of< 2.5 GeV is sometimes included). 

Monte Carlo GGDEPA e+e---+ e+e-µ+µ- events are generated (no photon) 

and passed through a revised set of tau event selection criteria in order to estimate 

this background. The revised cuts do not include the requirements of a detected 

photon or of a large event acoplanarity. The acoplanarity cut is removed because its 

efficiency for eliminating e+ e- --+ e+ e-µ+ µ- events is much higher than for e+ e- --+ 

e+e-µ+ µ-/events and because the double equivalent photon approximation may not 

adequately model the acoplanarity of two-photon events.51 Multiplying the measured 

rate of radiative events by the number of Monte Carlo e+ e- --+ e+ e-µ+ µ- events 
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surviving the cuts, the e+e- ---+ e+e-µ+µ-/ background contribution is estimated 

to be 3.2 ± 1.3 events. 

The background from e + e- ---+ e + e- 7+7- events, estimated using the GGDEPA 

Monte Carlo and the exact tau selection criteria, is negligible. To check if e + e - ---+ 

e + e - 7+7-(!) is a background, Monte Carlo e + e - ---+ e + e - 7+7- events are passed 

through a set of less stringent tau analysis cuts. The surviving number of events 

is multiplied by the rate of radiative events, though the rate used is that measured 

for e+e----+ e+e-µ+µ-/ events and not for e+e----+ e+e-7+7-/ (the radiative 

+- +-+ +-process, e e ---+ e e 7 7-/ is much harder to measure but the rate for e e ---+ 

e + e- 7+7-/ events should be smaller than for e+e- ---+ e+e-µ+µ-/events because of 

the larger tau mass). The result is less than 0.1 events and therefore this background 

is neglected. 

The double equivalent photon approximation is useful for obtaining reasonably 

accurate simulation of two-photon events when the electron/positron scatter at low 

angles. Although the GGDEPA Monte Carlo events used for the background estimate 

include a simulation for cases where the electron scatters at large angles, another, 

more accurate two-photon Monte Carlo is employed to crosscheck the above results. 

In addition to the multiperipheral diagrams, the second Monte Carlo52 also includes 

contributions from the other four-lepton diagrams shown in fig. A.2 (b-e) . The Monte 

Carlo calculates exactly the complete matrix element squared for all 36 permutations 

of the Feynman diagrams shown in fig. A.2. This Monte Carlo indicates there is negli­

gible background from the non-multiperipheral diagrams and gives results consistent 

with the predictions obtained from GGDEPA. 

Because the Monte Carlo events do not include actual photons (from QED), it is 

necessary to use the e+e- ---+ e+e-µ+ µ-/events from the data to obtain the spectral 

shapes for variables such as the µ-1 mass. In Chapter 5, the µ-1 mass spectrum from 

the signal and from backgrounds like e + e- ---+ e + e-µ + µ- / are used in a maximum 
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likelihood calculation to extract the branching ratio for the signal. Since the µ-1 mass 

spectrum in e+e- -t e+e-µ+µ-1 events from data suffers from limited statistics, it 

is better to use smooth functions that parametrize this background in the likelihood 

calculation. Two particular choices, shown in fig. A.3, are tried, as well as the data 

spectrum itself in the likelihood fit; as shown in Chapter 5, the calculation is not very 

sensitive to exact shape of this small background. 
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Figure A .3. Two different functions are fitted to the µ-1 mass 
spectrum for data e+e- -t e+e-µ+µ-1 events. 
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A.2.6 Miscellaneous Small Backgrounds 

There are two additional backgrounds, 1) hadronic events and 2) tau(-like) events 

with a "fake" photon due to spurious electronic noise in the calorimeter, to consider. 

Accurately estimating the background from multihadronic events is very difficult 

because of the lack of experimental verification of low-charged-multiplicity jets in 

hadronic events at high energies. The LUND Monte Carlo53 is used to estimate mul­

tihadronic background after performing the following check to see that the data and 

Monte Carlo agree reasonably in the charged-multiplicity distribution. Events with;::: 

6 charged tracks and event thrust axis lying within the detector (I cos Bl< .7), are se­

lected from the data and from two different sets of LUND Monte Carlo events, one us­

ing the LUND parton shower evolution/LUND symmetric fragmentation scheme (Jet­

set version 6.3) and the other using the LUND second order matrix element/LUND 

symmetric fragmentation scheme (Jetset version 5.2). The number of charged tracks 

in each hemisphere (defined with respect to the thrust axis) are counted and the 

smaller of the two numbers is plotted in fig. A.4, and the larger in fig. A.5. Fig­

ure A.4 is of particular interest since it shows that there is acceptable agreement 

between Monte Carlo and data for jets (hemispheres, actually) with low-charged 

multiplicities in hadronic events; therefore, it is reasonable to use the Monte Carlo 

to estimate this small background. The number of hadronic events is expected to 

be ,....., 0.1 ± .03, where the error is from pion misidentification uncertainty. The esti­

mate is based on the number of events passing all the tau selection criteria (except 

muon detector hits) and the total probability for pion punchthrough and decay (see 

misidentified tau background estimate). 

Electronic noise in the calorimeter is a background when the shower algorithm 

reconstructs the noisy channels as a "photon" cluster with;::: .3 GeV energy in an event 

that would not have otherwise passed the radiative tau event selection requirement 

(the noise probability is measured using SAT Bhabha events - see Chapter 4, which 



A .2 Details of Signal and Background Contribution Estimates 

0.30 

CD 
0.25 + Data 

di ~ D QCD Mtx Elt Lund Frag 5.2 

0 Part.on Shwr Lund Frag 6 .3 
0 .20 

CD ~ 

~ 0.15 Ill 
+ Cl) 
CD ~ 

0.10 ~ 
Iii 

Ill 

0 .05 (j) 

!jl 

ffi 
Ci] 

0 .00 
is 

0 5 10 15 
Minimum Charged Multiplicity 

Figure A.4. Distribution of the smaller charged-multiplicity value 
between the two hemispheres in a hadronic event . The event selec­
tion criteria and Monte Carlo samples are described in the text. 

0.30 

0 .25 

0 .20 

~ 
~ 

0.15 

0 .10 

0.05 

0 .00 
0 

Ill 

Ill 

5 

+ Data 

D QCD Mlx Ell Lund Frag 5.2 

o Parton Shwr Lund Frag 6.3 

CD 

cp 
m 

10 15 
Maximum Charged Multiplicity 

Figure A.5. Distribution of the larger charged multiplicity value 
between the two hemispheres in a hadronic event, which shows 
good agreement between the data and LUND Monte Carlo. The 
event selection criteria and Monte Carlo samples are described in 
the text. 
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also discusses the smaller probability of electronic noise correlated with the presence 

of a muon track in a calorimeter module). Using the probability for calorimeter noise, 

its energy distribution and angular distribution, non-radiative Monte Carlo tau events 

are altered to include a fake photon and passed through the tau selection cuts. The 

energy spectrum for fake photons is fairly soft and so other spectra that depend on it, 

such as the µ-1 mass, are also distributed at low energies (see fig. A.6). The number 

of predicted events is very small, about 0.1 events. The fake photon contribution is 

combined with the hadronic background to give 0.2 ± 0.06 events. 
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Figure A.6. The µ-1 mass distribution for Monte Carlo T ~ 
Vr µ- vµ events combined with a "photon" simulating electronic 
noise in the calorimeter. 
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