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Searches with Taus at the Tevatron 
Michele Gallinaro a * 
(for the CDF collaboration) 

‘University of Pennsylvania 
209 S. 33rd Street, 
Philadelphia, PA 19104, USA 

We discuss tau identification techniques at hadron colliders, and present the measurements and the searches 
performed so far. We report on top quark pair production in the decay channel containing at least one tau lepton. 
Also, we present results dedicated to searches for new particles, with taus in the final state. We present a search 
for the charged Higgs boson in the tau decay channel, as well as for the leptoquark family containing tau leptons. 
Finally, we indicate the capabilities of detecting and triggering on tau leptons in the future collider run. 

1. Introduction 

Tau leptons are not only a precision measurement 
tool but also a sensitive probe for new physics. 
In this paper we review the importance of their 
contribution and the results obtained so far at 
the Tevatron Collider. Two experimental collab- 
orations, CDF and DO, have collected data at 
a pp center of mass energy of fi = 1.8 TeV. 
There have been two major runs of the Tevatron, 
accumulating approximately 20 pb-l of data in 
1992-93, and 100 pb-’ in 1994-95. The next run 
starting starting early in the next millennium will 
provide 1000 pb-l per year. Both the increased 
luminosity yield and the upgraded detector with 
improved detection capabilities will improve tau 
detection at both CDF and DO experiments at 
the Tevatron. 
At pi colliders various important processes in- 
volve the emission of high-pT electron and muon 
leptons. Examples are W, 2” and top quark pro- 
duction. Collider detectors have specialized in 
detecting electrons and muons from these events. 
On the other hand, tau leptons decay predomi- 
nantly into charged and neutral pions and suffer 
from large backgrounds from jet production, and 
are much more difficult to signal. However, ab- 
normal rates of high pi taus, with respect to the 
Standard Model (SM) predictions, can be an im- 
portant manifestation of new physics in hadron 
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collider experiments. An example of this is the 
decay of top into a charged Higgs that would pre- 
dominantly couple to taus. Understanding tau 
production at pfj colliders is therefore important 
for several reasons: 

l to check the universality of lepton cou- 
plings; 

l the acceptance and sensitivity in search for 
processes with high-pT leptons is increased; 

l and, above all, to search for new physics. 

2. Tau Identification 

Tau leptons decay promptly either to lighter 
leptons or to hadronic jets. The hadronic 
and leptonic Branching Ratio (BR) are respec- 
tively BR(T + h+) N 64% [l] (50% one- 
prong and 14% three-prong decays) and BR(T + 
Zvlv,) N 36%. Here, we only consider hadronic 
tau decays. At the moment, the case where the 
taus decay to leptons cannot be distinguished ex- 
perimentally from prompt electrons or muons. 
The identification of hadronically decaying r’s is 
difficult due to the background contributed by the 
much more numerous quark or gluon jets. This 
is especially true at a hadron collider, where the 
hadronic activity in the final state is very abun- 
dant . 
During Run 1 (1992-1995), some forms of tau 
identification have be&n implemented at the trig- 
ger level in the CDF experiment at Fermilab. 



These require that a cluster with a small number 
of calorimeter cells be found and correspond in 
direction to a track above a certain pi threshold. 
However, this trigger is not very selective. One 
way to circumvent triggering on the hadronic tau 
decay itself is triggering on other event charac- 
teristics such as missing transverse energy (& ), 
or on other specific event topologies. So far, this 
method of triggering has proved to be more effec- 
tive than specifically triggering on the hadronic 
decay of the tau lepton. Although it is more 
effective than triggering on tau leptons them- 
selves, the fi trigger is not fully efficient until 
J!+ reaches above 40 GeV. The low efficiency ca- 
pabilities especially affects measurements which 
require large statistics, as the W + rv asymme- 
try and tau lepton universality [2], or production 
of events with low cross section, like searches for 
new signatures. 
Hadronic tau decays have several characteristics 
that can be used to distinguish tau leptons from 
QCD quark or gluon jets. In general secondaries 
from a hadronic tau decay form a narrow colli- 
mated jet with only one charged particle track 
(FZI 78%). Tau leptons also decay to three prongs 
(a 22%). In addition, with the advent of solid 
state vertex detectors, large impact parameters 
and displaced vertices could eventually be used 
to enhance tau identification. The best set of 
variables to identify taus depends on the specific 
characteristics of the detector. In general both 
excellent tracking and calorimetry are essential. 
The CDF method to identify hadronic tau de- 
cays uses both tracking and calorimeter quanti- 
ties. We look for isolated tracks with large trans- 
verse momentum (pr >15 GeV/c). We use pri- 
marily the tracking isolation in a cone AR = 
&A$)2 + (Av)~ = 0.4 in (~~4) space around 
the high-pT track, as a powerful way to discrim- 
inate beween signal and background. Further- 
more, using calorimeter information, we discrim- 
inate taus from electrons and muons by rejecting 
highly electromagnetic calorimeter clusters and 
minimum ionizing particles, respectively. We call 
this method a “track-based” r algorithm. 
Decays of r leptons often produce neutral pions. 
We can thus use calorimeter informations to iden- 
tify +“s. We can add to the previous selection a 

search for the photons from the decay x0 + yy in 
the electromagnetic shower detector. Using this 
method we can also extend the search to three- 
prongs decays of r leptons. We call this method 
a “calorimeter-based” r algorithm. 
The most abundant source of high-pT leptons at 
hadron colliders is from W bosons decays. We 
check the tau identification method in a data 
sample which is enriched in W + TV decays. 
Typically, a W + TV, + hadrons + v,F’, de- 
cay has one jet from the r, and & due to the 
neutrinos. A monojet sample is selected by re- 
quiring one central jet with 15 < ET < 40 GeV, 
no other jet with ET > 7 GeV in In] < 4.0, and 
20 < & < 40 GeV. Figure la shows the track 
multiplicity in this sample and in a background 
sample of QCD jets. The latter is normalized 
to the monojet sample using the bins with 1 4 
tracks where there is a very small contribution 
from W + TV, events. The data show a clear 
excess in the one-prong and three-prong bins, as 
expected for a sample with significant r fraction. 
Figure lb shows the track multiplicity after ap- 
plying all cuts from the 7 selection. The back- 
ground in all bins is greatly reduced and the data 
agree well with the expectation from a W +rv, 
Pythia Monte Carlo. 

3. Taus in Top Quark Decays 

At the Tevatron Collider top quarks are expected 
to be produced primarily in pairs, pp + tf. In the 
framework of the Standard Model each top quark 
decays into a W and a b quark. The final state of 
a tf decay therefore has two W bosons and two b 
quarks. The tT decays can be characterized by the 
decays of the two W bosons. The dilepton cate- 
gory is represented by the case in which both W 
bosons decay leptonically. Here we present the 
first evidence for top quark decays in the “tau 
dilepton” channel [3], where one W decays into 
ev, or pvcl and the other into the third-generation 
leptons, T and v,. This channel is of particular 
interest because the existence of a charged Higgs 
boson H* with mH* < mtop could give rise to 
anomalous r lepton production through the decay 
chain t + H+b -+ r+v,b, which could be directly 
observable in this channel [4]. In the Standard 
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Figure 1. Track multiplicity in the monojet data 
sample. a) No 7 ID cuts applied. b) After apply- 
ing all r ID cuts except track multiplicity. 

Model the top BR to Wb is essentially 100% and 
the approximate BR of W to each of ev,, pvP, 
and TV, is l/9, and to qij’ is 619. Consequently, 
the total BR for t? into er and ~7 events is 4/81, 
the same as for ee, pp, and ep combined. In prin- 
ciple, the number of dilepton events could be dou- 
bled by including 7’s. However, the 64% BR for r 
decays into hadrons, decreased kinematic accep- 
tance due to the undetected v,, and a T selection 
that is less efficient than the e or p selection, re- 
sult in a total tau dilepton acceptance about five 
times smaller than that for ee, /.+, and ep events. 
We report here on a search based on a 109f7pb-l 
data sample collected with CDF during the Fer- 
milab 1992-93 and 1994-95 Collider runs. The 
data sample used in this analysis requires high-pT 
inclusive lepton events that contain an electron 
with ET > 20 GeV or a muon with pi > 20 
GeV/c in the central region (1~1 < 1.0). 

Top events and background have different topolo- 
gies. Dilepton events from t? decays are expected 
to contain two jets from &decays and large miss- 
ing transverse energy from the neutrinos. Due to 
large MtoP, tZ events exhibit large total transverse 
energy, HT [5]. Finally, the leptons must have op- 
posite charge. The dominant background is due 
to a real physics process, Z/y + r+r- + jets 
events. We use kinematical variables to isolate tf 
events by requiring: 

Njets 22, where Njets is the number of jets 
at 1771 <2.0 and ET > 10 GeV; 
HT >180 GeV; 
Sg, >3 (GeV)l/‘, where 5’gT- -$$& is the 
significance of the missing transverse en- 
ergy. 

In addition, one high-pT isolated track identi- 
fies the tau hadronic decay, using the method 
described in the previous Section. The final to 
tal acceptance is very small and amounts only to 
about 0.1%. 
We observe 4 candidate events where we ex- 
pect N 1 t’t event and N 2 background events 
(see Table 3). In three of the events we iden- 
tify jets from b quark decays, which supports 
the t? hypothesis. Two of the four candidate 
tau tracks show a significantly large impact pa- 
rameter. Using the numbers of estimated back- 
ground and observed events in Table 3 and the 
acceptances, we calculate the production cross 
section. For the calorimeter-based selection 
we find a,~ = 10.2’-:6,:: (stat)fl.6(syst) pb, and 
29.1+:~:~(stat)f4.7(syst) pb for the track-based 
selection, consistent with other measurements 
given the large statistical uncertainty. 

Selection Track-based Cal-based 
r fakes 0.25f0.02 0.78f0.04 
z/y 4 r+r- 0.89f0.28 1.48f0.38 
ww, wz 0.14f0.08 0.24f0.10 
Total Background 1.28f0.29 2.5OzlzO.43 
expected from tt 0.7f0.3 l.lf0.4 
Data (b-tagged) 4 (3) 4 (3) 

Table 1: The expected number of background and 
t? events and the observed events. 
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Figure 2. The distribution of S& vs & for events 
with a primary lepton and a tau candidate in the 
data. Three of the four final candidate events 
(stars) have &tagged jets. 

In the next collider run, CDF expects to detect 
about 20 of these “tau dilepton” events. Devi- 
ations from the SM predictions will possibly be- 
come statistically significant. 

4. Search for Charged Higgs with 
Hadronic Tau Decays 

The discovery of the top quark [6][7][8] at the 
Tevatron collider has generated a great interest 
in the search for new particles possibly emitted 
in its decay. Due to the large top quark mass a 
large range of mass of these daughter particles is 
also accessible. 
Charged Higgs bosons are required by supersym- 
metric models. Their discovery would suggest 
that electroweak symmetry breaking occurs in a 
Higgs sector containing two doublets, rather than 
just one as required by the minimal Standard 
Model (SM). The two doublets imply physical 
fields which include two charged Higgs particles: 
H+ and H-. If the charged Higgs exists with 
a mass less than that of the top quark, the top 
quark can decay to a charged Higgs and a b quark. 
This would compete with the SM decay of the top 
quark to a W boson and a b quark. In particular, 
the top quark decay provides a promising signa- 
ture for charged Higgs boson in the region where 

ta@ 1 m&b M 50 (see Fig. 3), where tar$ is 
the ratio of the vacuum expectation values of the 
two Higgs doublets. The charged Higgs would 
decay almost exclusively to a tau lepton, unlike 
the W, which can decay to quarks and the other 
leptons. Thus, an enhancement in the tau lepton 
channel can provide a specific signature for the 
Higgs boson. 
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Figure 3. Branching fraction of H + rv and 
t + Hb as a function of tar@. 

At the Tevatron Collider, CDF has searched [9] 
for the charged Higgs boson assuming BR(H + 
TV -100%). 
CDF has used the results from the top analysis, 
in the final state with two jets, large transverse 
missing energy and two leptons, one of which is a 
hadronically decaying tau lepton [3] (see previous 
paragraph). Then, we apply the same selection to 
the top quark decays which contain the charged 
Higgs (i.e. tf -+ WbHfi and tf + HbHb), for dif- 
ferent Higgs masses, and we calculate the total 
acceptances. Finally, we add the various contri- 
butions together as a function of tar$. The total 
acceptance amounts to about 0.5% both in the 
WHbb and HHbb final states for different Higgs 
masses in the range 80-160 GeV/c2. Only an 
exclusion region can be drawn, which excludes 
branching fractions BR(t + Hb)> 0.7. 
CDF has also searched for charged Higgs in the 
inclusive channel final state where either one or 



two taus can be present in the final state. CDF 
observes 7 events [9], with an expected back- 
ground (mostly due to fakes from QCD jets) of 
7.4f2.0 events. If tar@ 250, this analysis ex- 
cludes charged Higgs boson with MJ+ < 158 
GeV/c2 for a top quark mass of 175 GeV/c2 and 
utt =7.5 pb. Figure 4 shows the excluded region. 

t + H+b search CDF Preliminary 
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$120 
x100 
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Excluded - 95% C.L. 

?j 80 
relative rote 

60 
40 

10-l 1 10 102 
tan@ 

Figure 4. Shaded regions show the exclusion re- 
gion for the charged Higgs boson as a function of 
tan@. 

CDF is also investigating the effect of the width of 
the distribution of the top quark mass (effective 
at small values of tan@) and the non perturbative 
t+Hb coupling which is important both at low 
and large values of tar@. The Yukawa couplings 
of H* to fermions can become arbitrarily large in 
the limits where tan/3 + 0 and tan/3 + 00. As an 
example, if MH~ =lOO GeV/c2, then at tan@=0.2, 
r top a20 GeV, and at tan@=175, l?top MS GeV 
and PH+ a6 GeV. Therefore, the perturbative 
coupling of t - H - b limits our search to the 
region 0.2<tan/3 <175. Outside this range, our 
Monte Carlo simulations and branching fraction 
equations become invalid. 
Limits from the CDF ‘indirect search’ for H* + 
CB are not discussed here. A combined analysis for 
Run 1 data is underway to set limits on charged 
Higgs production. 

5. Neutral Higgs boson 

Neutral Higgs (Ho) can also be produced at the 
Tevatron. The production cross section can be 
substantially large [lo], especially if the produc- 
tion goes through the process gg + H, with ngg 
of the order of few picobarns. The neutral Higgs 
decays with higher branching ratio to b quark and 
tau lepton pairs. In a region where the Higgs 
mass is in the region 80 5 MH 5 130 GeV/c2, 
the contribution from the decay HQ + r+r- 
becomes non negligible, as the branching ratio 
BR(H~M + ~+r-) M 8%. This signature could 
become significant in Run 2, and discrepancies 
from the SM could be measured if present. 
Analogously, the associated hadroproduction of 
a neutral Higgs boson with a of pair (pp + 
b&Ho + b&+7-) could manifest as an excess in 
tau production. According to some non-SM mod- 
els, the coupling can be as large as (g)2 = tan,& 
For values of tanfi NN mt/mb=35, the enhance- 
ment in the cross section could potentially be- 
come significantly large. 
The experimental signature is a final state with 
two jets possibly coming from b jets and two 7 
leptons. At the present, due to a small cross sec- 
tion and the findings in the data, only limits can 
be drawn [ll]. 

6. Search for the Third Family Leptoquark 

Leptoquarks belong to a class of particles carrying 
both color and lepton quantum numbers which 
mediate transitions between quarks and leptons. 
Leptoquarks do not exist within the SM but ap- 
pear in many SM extensions which predict a sym- 
metry between quarks and leptons. The Tevatron 
with the currently highest center of mass energy 
in the world is in a unique position to search di- 
rectly for the existence of the leptoquarks. 
Assuming pair production, CDF has searched 
for the third generation Leptoquark (LQ3) [12] 
(LQsLQa + ~+r-jj). The selection requires 
one of the r leptons to decay to e or p with 
PT >20 GeV/c2. The other r decays hadron- 
ically. In addition, the selection requires two 
jets with ET >20 GeV. CDF observes 1 event 
in 110 pb-l of data which survives all cuts, 



with an estimated background of 2.4+;:; events 
(mostly from 2 -+ 7~ +jets). For scalar lep- 
toquarks we set a limit at MLQ~ >99 GeV/c2. 
We also consider vector leptoquarks with “anom- 
alous chromomagnetic moments” parametrized 
by k [13]. CDF sets a limit MLQ~ >170 GeV/c2 
and MLQ3 >225 GeV/c2, for k=O and k=l re- 
spectively (see also [12]). 
We use the third generation leptoquark search to 
constrain technicolor models containing a tech- 
nifamily. In technicolor models containing a 
technifamily, color-octet technirhos (PT) enhance 
the pair production of color-triplet technipions 
(?TLQ), which behave as third generation lepto- 
quarks. We can set constraints [14] on the pro- 
duction of technipions and technirhos as a func- 
tion of their masses. Comparing to the theoret- 
ical expectations for technipion pair production, 
we place bounds in the M(TLQ)-M(~T), for three 
values of the mass splitting, 0, 50 GeV/c2 and 
infinity (see Figure 5). For AM=0 and M(xLQ)< 
M(p~)/2, we exclude color octet technirhos with 
mass less than 465 GeV/c2 at 95% confidence 
level. 

7. Trilepton Searches 

Supersymmetry (SUSY) [15] is a new symme- 
try which provides a well motivated extension of 
the SM. Supersymmetric transformations relate 
fermionic and bosonic degrees of freedom. Each 
left-handed and right-handed fermion of the SM 
is postulated to have its own bosonic superpart- 
ner with equal mass and coupling strengths. Sim- 
ilarly each SM boson would have its own fermi- 
onic superpartner, again with equal mass and 
couplings. No superparticles have been observed 
so far. 
In SUGRA models, the light neutralinos and 
charginos are much lighter than the gluino or 
squarks, and may be the only sparticles di- 
rectly accessible at the Tevatron. Chargino and 
neutralino pairs would be produced directly at 
hadron colliders. The production of g:x!j, fol- 
lowed by the decays 2: + xylv and xi + 
1+1-T:, is a source of three charged leptons (e 
or p) and & , called trilepton events. The trilep- 
ton signal has a small SM backgrounds, and is 
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Figure 5. The 95%C.L. exclusion regions in the 
M(~LQ)-M(PT) plane. The three shaded areas 
correspond (from left to right) to technipion mass 
splitting values of 0, 50 GeV/c2 and co, respec- 
tively. 

consequently one of the “golden” SUSY signa- 
tures. The branching fractions also depend on 
tar@ and, for large tar@, gauginos tend to decay 
to 7’s . So far, the results of the CDF and DO 
experiments only include searches for electrons 
and muons [16]. Both experiments are currently 
studying a development for triggering (please see 
Section 8) in Run 2 on trilepton signatures also 
with taus. 

8. Tau Trigger in Run 2 

At the beginning of the new millennium, the 
Tevatron will start delivering high-energy collid- 
ing proton and antiproton beams for both collider 
experiments at Fermilab. Both DO and CDF have 
started the upgrade of their detectors in prepa- 
ration for the new data taking. Triggering will 
be the ultimate challenge in order to select the 



most useful events and to record data on disk at 
a high rate. For Run 2, the CDF experiment is 
implementing a new tau trigger which combines 
the information of specific physics signatures with 
tracking requirements for the tau lepton. The ex- 
perience gained during Run 1 and Monte Carlo 
simulations have taught that tracking informa- 
tion is more efficient than calorimetry, especially 
for low pi taus. Track isolation can be used to 
further reduce the acquisition rate. Track isola- 
tion is implemented by requiring no track with 
pT >1.5 GeV/c in a cone around the seed track, 
in the region where 10” < A4 5 30”. The tau 
lepton selection is still not enough by itself to re- 
duce the QCD background. Therefore, we have 
to use a specific signature which combines a lep- 
ton with a track in the same event. The trig- 
ger rate is reduced by a factor of 10 when the 
tau-tagging tracking requirement is used with the 
8 GeV inclusive electron sample (see Figure 6). 
The Level 2 trigger rate is about 10 nb when we 
require an electron (ET > 8 GeV) and one iso- 
lated track with pT > 5 GeV/c. When using this 
selection, it is possible to include taus in the trig- 
ger and still mantain a good rejection over back- 
ground. To further reduce the electron or track 
momentum thresholds, one would need additional 
requirements. 

9. Prospects for Run 2 

The analyses are limited by the luminosity and 
the reach of the searches is just entering the in- 
teresting regions. In Run 2, two upgraded detec- 
tors at the Tevatron will collect more data at a 
higher energy of 2 TeV. The nominal integrated 
luminosity is 2 fb-‘, with a possible extension to 
10 or even 30 fb-‘. The production cross section 
for heavy sparticles for example will increase sig- 
nificantly with the higher energy. Chargino and 
neutralino searches, as well as squarks and gluino 
searches, will cover a wide range of SUSY para- 
meter space in Run 2. Most importantly, by ex- 
tending Run 2 up to an integrated luminosity of 
about 20 fb-’ and combining search channels, the 
Tevatron can perform a crucial test of the MSSM 
Higgs boson sector. The W and top quark mass 
measurements performed by CDF and DO, and in- 
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Figure 6. Level 2 cross section for Run 2: electron 
(ET >8 GeV) plus tau (pi >5GeV/c) trigger. 

direct measurement of the Z” line shape from ex- 
periments at LEP and SLC, suggest a small value 
for the Higgs boson mass (see Figure 7). Also, 
most SUSY theories predict a Higgs mass which 
is comprised between 130 and 150 GeV/c2. When 
combining these data together, the picture looks 
promising for the Higgs searches at the Tevatron 
during Run 2. 
The experience gained from Run 1 analyses will 
greatly increase the quality of the Run 2 searches. 
New triggering capabilities will open up previ- 
ously inaccessible channels, particularly those in- 
volving r’s and heavy flavors. A factor of 20 of 
more data, combined with improved detector ca- 
pabilities, makes the next Run at the Tevatron 
an exciting prospect. 
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Figure 7. The measurements of the top quark 
and W boson masses performed by CDF and DO 
superimpose on different predictions for the value 
of the Higgs mass. 

10. Conclusions 

In conclusion, we have learned that, however dif- 
ficult, tau detection is possible at hadron col- 
lider experiments. Taus can extend the sensitivity 
in searches for both known and “new” physics. 
Hadron colliders, both present and future, have 
an enormous discovery potential and new physics 
can show up as an excess of tau production. It 
is essential that detector upgrades and new de- 
tector designs consider tau detection as a serious 
matter. Vertex detectors can also help tau iden- 
tification, and more experience in tau detection 
can still be gained at the Tevatron, to be of great 
interest for future collider experiments. 
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