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The study of processes containing 7 leptons in the final state will
play an important role at Tevatron Run II. Such final states will
be relevant both for electroweak studies and measurements as
well as in searches for physics beyond the Standard Model. The
present paper discusses the physics opportunities and challenges
related to the implementation of a new set of triggers able to
select events containing tau candidates in the final state. We
illustrate, in particular, the physics capabilities for a variety of
new physics scenarios such as supersymmetry (SUSY), SUSY with
R-p-parity violation, with Bilinear parity violation or models with
the violation of lepton flavor. Finally, we present the first Run II
results obtained using some of the described tau triggers.

Introduction

Since the discovery of the 7 lepton in 1975 [1], the
knowledge about its properties and interactions has
improved drastically. At present, most of the tau
physics is shifting towards high precision measurements
involving the determination of the 7 static properties,
the investigation of the lepton universality and tests
of the Lorentz structure of 7 decays. The tau physics
program at Tevatron collider is predominantly focused
on accessing processes containing taus [2].

The study of events with 7 leptons in the final state
will play an important role in Tevatron Run II, both for
electroweak studies and measurements both for searches
for physics beyond the Standard Model. In order to
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be able to select such events, specific dedicated tau
trigger systems have been designed and implemented in
the Collider Detector at Fermilab (CDF-II) experiment.
This article discusses the physics opportunities and
challenges related to the implementation of this set of
T triggers. The paper is organized as follows: first we
review the major CDF-II upgrades; then we discuss
which are the typical signatures for a tau lepton
at Tevatron; next follows an illustration of the tau
Trigger architecture and the variety of physics topics
addressable by the Lepton Plus Track (LPT) Trigger.
Finally we describe some preliminary result based on
data samples collected by using the LPT trigger.

1. The CDF-II Detector

CDF-II is a 5000 ton multi-purpose particle physics
experiment [3] dedicated to the study of proton-
antiproton collisions at the Fermilab Tevatron collider.
It was designed, built and operated by a team of
physicists, technicians and engineers that by now spans
over 44 institutions and includes, approximately, more
than 500 members. The history of the experiment goes
back over 20 years. The CDF detector has been recently
upgraded [4] in order to be able to operate at the high
radiation and high crossing rate of the Run II Tevatron
environment. In addition, there have been several

1205



S. BAROIANT, M. CHERTOK, M. GONCHAROYV et al.

Fig. 1. An overview of the Collider Detector at Fermilab (CDF)
in its Run II configuration (CDF-II)

upgrades to improve the sensitivity of the detector to
specific physics tasks such as heavy flavor physics, Higgs
boson searches, and many others. Figure 1 shows an
isometric cutaway view of the final configuration of the
CDF-II detector. The central tracking volume of the
CDF experiment has been replaced entirely with new
detectors (see Fig. 2), the central calorimeters has not
been changed. These upgrades can be summarized as
follows:

A new Silicon System done of 3 different tracking
detector subsystems:

Layer 00— alayer of silicon detectors installed
directly on the beam pipe to increase impact parameter
resolution.

Silicon Vertex Detector (SVX II)
— to meet new physics goals, a central vertexing portion
of the detector called SVX II was designed. It consists
of double-sided silicon sensors with a combination of
both 90-degree and small-angle stereo layers. The SVX
IT is nearly twice as long as the original SVX and SVX'
(96 cm instead of 51 cm), which were constrained to fit
within a previous gas-based track detector (CTC) used
to locate the position of interactions along the beam line.
SVX II has 5 layers instead of 4 of the previous silicon
detector and it is able to give 3-dimensional information
on the tracks at trigger level.

Intermediate Silicon Layer (ISL)isalarge
radius (R = 29 cm) silicon tracker with a total active
area of ~ 3.5 m?. It is composed of 296 basic units, called
ladders, made of three silicon sensors bonded together in
order to form one electric unit. The ISL is located
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Fig. 2. A cutaway view of one quadrant of the inner portion of the
CDF-II detector showing the tracking region surrounded by the
solenoid and endcap calorimeters

between the Silicon Vertex Detector and the Central
Outer Chamber. Being at a distance of ~ 23 cm in
the central part, from the beam-line, it increases the
pseudorapidity reach of the tracking system up to
Inl < 2.

Central Outer Tracker (COT)

The COT is the new CDF central tracking chamber. It
is an open cell drift chamber able to operate at a beam
crossing time of 132 ns with a maximum drift time of
~ 100 ns. The COT consists of 96 layers arranged in
four axial and four stereo superlayers. It also provides
dE/dz information for particle identification.

Time-of-Flight Detector (TOF)

New scintillator based Time-of-Flight detector has been
added using a small space available between COT
and solenoid. With its expected 100 ps time-of-flight
resolution, the TOF system will enhance the capability
to tag charged kaons in the Pr range from ~ 0.6 to few
GeV/c as requested from the B physics program.

Plug Calorimeter
A new scintillating tile plug calorimeter has been realized
in order to have a good electron identification up to

In| = 2.

Muon system has also been upgraded: the coverage in
the central region has been almost doubled.

A new Data Acquisition System (DAQ) has been
adapted to short bunch spacing of 132 ns. It is capable
to record data with event size of the order of 250 KB
and permanent logging of 20 MB/s.
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2. The CDF-II Trigger System

The CDF-II trigger system has been completely rebuilt
for Run II needs. The present architecture as well as
the previous one has a three-level structure, that is
used to reduce the 7.6 MHz nominal crossing rate to
50 Hz maximum written to tape. Using a pipelined
and buffered system, the trigger is designed to be
“deadtimeless”. The structure of the trigger is flexible
and programmable in order to respond to changing beam
conditions or physics goals. Level 1 (L1) uses custom
designed hardware to find physics objects with a subset
of the detector information and makes a decision based
on simple counting of these objects: for example, u or
e with Pr > 6 GeV/c. The most significant upgrade
in the L1 trigger for Run II is the addition of track
finding: a new fast trigger processor, called eXtremely
Fast Trigger (XFT)[7] find tracks in the central drift
chamber (COT) in the r-¢ plane with a resolution of
0Pr/Pr > 1.6 % and d¢ = 4 prad in 2.7 us after a
collision. The XFT also matches tracks to muon stubs or
calorimeter towers, and the Level 1 decision is generated
in 4 ps with accept rate about 50 kHz. Level 2 (L2)
operates after detector readout and has an accept rate
in the range 200 to 300 Hz. All the information used in
the Level 1 decision is available to the Level 2 system,
but with higher precision. Track collection available
at Level 2 is 2-dimensional and includes tracks with
Pr > 1.5 GeV/c. In addition, jet reconstruction is made
by a Level 2 cluster finder. The Level 3 (L3) trigger
benefits of the full detector resolution including 3-D
track reconstruction and tight matching of tracks to
calorimeter and muon-system information. Its algorithm
structure is based on the CDF offline analysis software
and is used to reconstruct events in a processor farm
with a final accept rate of 50 to 70 Hz.

3. Tau Identification

Tau leptons decay predominantly into charged and
neutral hadrons as showed in Table 1. Hadronic decays

T able 1. Main decay modes of the 7 lepton [5]

T = evvr ~ 18% BR, univ, Michel
T — uvvr ~17% BR, univ, Michel
T = v, Kvy ~ 12% BR, univ

T — TV, ~ 25% BR, p, o, CVC, IT
T — Knv, ~ 1.4% BR, K*, K*

T — 37U, ~ 18% BR, a1, a),

T = Knnvr ~ 0.8% BR, K1, K1, W-29
T — 47U, ~ 5% BR, p', CVC

T — rare ~ 2% 5, 67, nwm, ...

T = nrv,bivs <L 1% 2nd_class currents
7 — forbidden < 1% neutrinoless decays
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Fig. 3. Data flow of CDF-II Trigger and Data Acquisition
architecture

happen with a total branching ratio that is ~ 64%. There
is, always, at least, one v in the final state. This kind of
7 decays have the distinct signature of a narrow isolated
jet with low charged track multiplicity and low visible
mass (Myisible < M ). Taus decay also leptonically with
a branching ratio that is: BR(r — vve) ~ 18% for
the electron channel and BR(t — vvu) ~ 17% for the
muon channel. The presence of at least one neutrino,
in all possible tau decay, implies that energy cannot be
measured directly. However, the direction of a tau can
be obtained from the observed decay products as the
energy of such decay products is large compared to the
mass. There is also another practical correlation between
the tau visible energy and the cone size of the tracks.
The bigger is the energy of the tau lepton, the smaller
will be the cone size defined by these escaping tracks.
As a side effect, taus will appear, in the rest frame
of the CDF-II detector, as narrow isolated jets, with
low track multiplicity. Then taus coming from Z° or
W decay show up to be ultra-relativistic and to have
mainly one or three prong’s track multiplicity. Then to
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enhance, at trigger level, the separation of tau-jet signal
from the generic W + jets background, an isolation cone
cut have to be applied. The basis of our triggers is,
therefore, a 7-cone algorithm for the reconstruction of
hadronic 7 decays. To build the 7-cone object, we start
with a narrow calorimeter cluster above a suitable Er
threshold, which determines the direction for searching
the seed track with momentum above certain Pr.

The region within an angle Os;z from the seed
track direction is used to define a cone of tracks to
be associated with the candidate 7 lepton. The region
between Osjz and Ors, defines the isolation cone, and
we require that no tracks with Pp higher than a fixed
low threshold have to be found in the isolation cone. At
trigger level, Ogjz and O, have values of 10° (0.1745

rad ), and 30° (0.5235 rad): Ntlgdtmo = 0. At L2, these
angles are available in the r-¢ plane, while at L3 it
is possible to use 3-dimensional angles. In the offline
tau reconstruction, we allow the 7 cone to shrink with
the increase of the visible energy to take into account
the Lorentz noninvariance of the fixed cone clustering

algorithm.

4, The CDF-II Tau Triggers

The CDF-II 7 Triggers are a set of Triggers integrated
into all 3 levels of the general CDF-II Trigger system. At
present, CDF-II has five different 7 triggers operating:

e Central Muon Plus Track;

e CMX Muon Plus Track;

e Central Electron Plus Track;
e Di-Tau Trigger;

e Tau + Fr;

These Triggers were installed in the CDF-II trigger
tables in January 2002. Naturally, the design of these
triggers has evolved in time. At present, they are all
working properly collecting data in stable, nonprescaled
way. Below we will describe in more details the basic
characteristics of each of the LPT triggers.

5. The Lepton Plus Track Triggers

The Lepton Plus Track Trigger is a class of low
momentum dilepton triggers able to select events
containing charged leptons, including 7’s, in the final
state [6].
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As taus in ~ 35 % of cases promptly decay into
leptons and the rest of times in hadrons, then dilepton
events, where both leptons are 7’s, can be identified by
accessing both purely leptonic di-7 decays: Te 7., Te Ty
or mixed leptonic-hadronic di-r decays: 7, 7, or 7,73 .
Then the full accesible final states are: ee, ey, ey, i,
it 7. Hadronic decays of taus result in jets that must
be distinguished from jets arising from QCD processes.
In this case the “7-jetiness” is ensured by the isolation
criteria applied around the second track at Level 3. As a
corollary, this prevents the track from being a product
of a light quark or heavy flavored quark jet.

Because of the XFT track requirement for both the
lepton and the second track, this trigger is restricted
to operate in the central region of the CDF-II detector.
Extending its geometric acceptance will represent a
probable future upgrade.

5.1. Central Electron Plus Track Trigger

The selection of the Electron Plus Track Trigger starts
at L1, by requiring a single EM tower with transverse
energy (Er) above 8 GeV and an associated XFT
track with Pr > 8 GeV/c. At Level 2 the electron
identification cuts are tightened by requiring the CES
Er > 2 GeV. In addition, L2 demands a second XFT
track of 5 GeV/c. Level 3 refines these conditions and
further more requires a charged track isolation around
the track reconstructed at L3. Table 2 gives L1, L2 and
L3 definitions for the Electron Plus Track Trigger. The
current L3 average cross-section for the Central Electron
Plus Track Trigger is ~ 29 nb.

T a b 1 e 2. Central electron plus track trigger
Level 1

Electron object

(EM shower with XFT track)
Er(e) > 8 GeV, Egap/FErm < 1/8
Associated XFT track PXFT >8.34 GeV/c

Level 2 | Electron object
Er(e) > 8 GeV, Excgs > 2 GeV
Euap/Erm < 1/8
2nd XFT track
XFT track PXFT > 5.18 GeV/c
|A¢(e, track)| > 10°
Level 3 | Electron object

(electron matched to EM shower)
|AZCES| <8 cm, X2CES <20
Epr >8 GeV, Pr > 8 GeV/c
T-cone track requirements
Pr >5 GeV/e, In| < 1.5
10°-30° _
track -
(with (P > 1.0 GeV/c and |Az| < 15 cm)
Electron + 7-cone track object
[Azo| = |z0(e) — zo(trk)| < 15 cm, |AR| > 0.175
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5.2. Central Muon Plus Track Trigger

The selection of a muon plus track candidate starts at L1
by requiring the presence of hits in the CMP chambers
associated with a CMU stub with Pr > 6.0 GeV/c
that matches an XFT track. L2, contrary to the electron
case, is at present just an “auto-accept” as the L2 muon
system is not currently operational. Then L3 requires
another track of at least 5 GeV/c and with an isolation
compatible with the one of a hadronically decaying T.
The current average cross-section for the Central Muon
Plus Track Trigger is ~ 16 nb.

5.3. CMX-muon Plus Track Trigger

The Central Muon eXtension (CMX) is a set of drift
tubes sandwiched between two scintillator layers (CSX)
realized to give a further coverage for the muons in the n
range between 0.6 and 1. The CMX Plus Track Trigger
then is the a kind of Muon Plus Track Trigger in the
pseudorapidity region: 0.6 < |p| < 1.0.

6. Other Tau Triggers

6.1. Di-Tau Trigger

At L1 this trigger requires 2 calorimeter towers with
Er > 5 GeV and 2 matching XFT tracks with Ppr >
6 GeV/c, with an angle of ¢ > 30° between them. Level
2 checks for calorimeter clusters with E;r > 10 GeV
and imposes a track isolation cut. At L3, using the full
reconstruction code, 2 7 candidates with a seed track
with Pr > 6 GeV/c, originating from the same vertex:
|Az| < 10 cm, are required. At present, the average
cross section for this trigger is ~ 12 nb.

T a ble 3. Central muon plus track trigger
Level 1

Muon object
(muon stub with XFT track)
Pr(p)stP > 6 GeV/c
Associated XFT track PXFT > 4.09 GeV/c

Level 2 | Muon object
Auto accept
2nd XFT track
XFT track PXFT > 8.0 GeV/c
Level 3 | Muon object

‘ALL‘CMU| < 15.0 cm, |A$CMP‘ < 20.0 cm
Pr > 8 GeV/c
T-cone track requirements
Pr > 5 GeV/e, n| < 1.5
10°-30° _
track -
(with P > 1.5 GeV/c and |Az| < 15 cm)
Muon + 7-cone track object
|Azo| = |zo(p) — 2zo(trk)| < 15 cm, |AR| > 0.175
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6.2. Tau Plus Fr Trigger

Another Tau Trigger that is not a part of the LPT
trigger is the Tau Plus Fp Trigger. It requires the
presence of missing transverse energy Fr > 10 GeV
at L1. At L2 this request is increased to a value of
Fr> 20 GeV and a calorimeter cluster with an isolated
track with Pr > 10 GeV/c is required. This is followed
by the full event reconstruction at Level 3, requiring the
presence of at least one 7 candidate having a seed track
Pr > 4.5 GeV/c. At present, the Tau Plus Fp Trigger
average cross section is ~ 5 nb.

7. Physics Topics Addressable by the LPT
Trigger

The main goal of this section is to show possible
applications of the LPT trigger [6]. Low Py dileptons are
a basic element for many and very important signatures,
both in SM physics and in searches for physics beyond
the SM. The main goal of this section is then to
give a mini-review of the possible applications of the
LPT Trigger. As we saw, our trigger is a class of low
momentum dilepton triggers able to access the following
final states: ee, ey, e, pu and pT .

7.1. Standard Model Physics

7.1.1. Drell-Yan Production

The Drell-Yan (DY) process can be accessed for all
lepton pairs produced down to rather low Pr and Ep. It
includes all charged dileptons: ee, pu, 77. The interest
to study such production goes beyond the study of the
Drell-Yan process itself as this signature is also typical
of theories beyond the SM such as, in particular, Extra
Dimension Theories. Also of interest is a study of Z° —
71 where one of the 7’s decays leptonically and the other
hadronically. In this respect, this trigger is quite unique
to perform this measurement. This signature is crucial
in the search for Higgs(es) where the Higgs decays into
a pair of 7’s as the Z° — 77 is a primary source of
background events. The study of the Z° — bb channel is
mandatory prior to the search for the H® — bb. Also this
channel can be studied with the LPT trigger but only in
the case where both the b’s decay semileptonically in e,
1 or T-leptons.

7.1.2. Top Quark Physics

Another important physics topic reachable by the LPT
trigger is top quark physics. After the discovery of the
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top-quark in Run I of the Tevatron, Run II will provide
the unique opportunity to start doing top-physics both
from the point of view of the SM and to study it, as a
background, for many possible new phenomena. Being
able to measure accurately its mass, its cross-section
and its various branching ratios is fundamental. This
trigger allows us to study the production of a top pair
through the decay products into two charged leptons
(including the 7-lepton), thus the various channels:
ee, e, i, eT, uT, 77 can be examined. The remark on
the isolation constraint applies again here: the search
for the lepton + jet signatures with jets other than
T-jets, will be dramatically impeded with the present
trigger. The LPT trigger could also contribute to the
study of the single top production, especially in the case
where the W decay product of the single top decays
into a 7-lepton. Furthermore, the same trigger gives the
possibility to study the b-fragmentation that impacts on
the top measurement. Comparing with the other triggers
that are currently used for the top studies, this trigger
gives a unique access to the top searches where a top
decays leptonically producing one or two 7-leptons.

7.1.3. W and Z° Pairs and H Production

For the W or Z° pair production, this trigger selects
the signatures where both W or at least one of the Z°
decays leptonically, including 7’s. It gives a possibility to
select signatures of W H production with Higgs decaying
into bb or 7t7~, and a W through its leptonic decay
including 7’s; the other part of the trigger signature
can be used for the Higgs identification. It also serves
to identify Z°H where the Z° decays leptonically and
H decays into a bb or a 777~. Or one can look for
ZYH production with any decay for the Z° and using
the lepton + track signature to identify the Higgs.
The b’s can be identified through their semi-leptonic
decays and the 7’s if both decay leptonically, or if one
decays hadronically and the other one leptonically. The
advantage in this case of using the LPT trigger is that
it goes down to rather low Er and Pr thresholds even
for processes where the decay products have rather high
Ep, it thus provides a useful overlap region between
the corresponding standard process backgrounds and the
signal to be looked for. It furthermore permits to study,
with lower Er and Pr samples, some systematic effects,
such as fake leptons based on the same trigger selection.

7.2. Beyond the Standard Model

The dilepton signature is quite a fundamental signature
for many exotic processes. It is also the basis signature
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for multilepton signatures that include at least three
charged leptons in the final state. Here below we briefly
describe the main physics topics addressable from the
LPT trigger. For what concerns the general SUSY
scenarios, it should be noticed that the 7-enriched
signature is expected to become dominant as soon as
tanf increases. This was one of stronger motivations to
develop such kind of triggers.

7.2.1. Search for )"(:t and X% Associated Production

LEP 200 performed impressive and rather unique work
in searching for the lightest SUSY particle (LSP),
namely the neutralino x?, in the Minimal Extension of
Supersymmetric Standard Model (MSSM) framework.
Tevatron was not able to compete with LEP results
because of the lack of luminosity. One of the main
Run-II challenges is to overcome the LEP limits
on gauginos. CDF at Run I [8] demonstrated that
with a powerful tracking system, the measurement of
multilepton signatures with 2 or 3 well measured leptons
is an essential tool to search for chargino-neutralino
production: pp — )Z%)Zf — 2 or 3 charged leptons.
Thus, the LPT trigger allows one to select this class of
events including 7’s in the final states.

7.2.2. Search g and q Cascade Decays

The higher Run II integrated luminosity together with
the improved CDF-IT detector performances will allow
one the search for gluino and squark cascade decays,
otherwise non searchable as it was during the Run I.
Among the interesting possibilities, there is the case
where the gluino decays into a b-quark and sbottom
(b), followed by b — by (3 — 77 and 7 — 7%9).
This 7-enriched signature will become more dominant
as tanf becomes larger. The final decay product of the
gluino will be: bbr7¢?. The 7’s produced in this case will
have relatively low Pf, which makes the LPT trigger
particularly sensitive to this channel.

7.2.3. Search for Scalar Top and Rp Violation

The search for the scalar partner of the top quark #
in the MSSM framework is generally performed looking
at the c¢cY® or by* final state, that means essentially
trying to tag the b-jet or the c-jet. In models with Rp
Violation (RPV), the stop squark can decay to br giving
the following final states: pp — t1t; — 75, b7y b, that
proves that LPT trigger is instrumental in this case. As
studied in Run 1 and LEP 200, various Rp violated
SUSY scenarios lead to enriched multilepton signatures.
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For all these cases, this trigger will be quite useful. In
addition, the fake leptons that are a crucial issue for
these searches can be studied with the same triggered
sample of data, and thus reduce systematic effects.

7.2.4. Search for Non-SM Top Quark Decays

One of the major issues of Tevatron will be to
understand the real nature of top quark production and
decay. Top quark production, be it tf or single top, is
an ideal place where to look for new physics. If there
is any new physics associated with the generation of
mass, it may be more apparent in the top quark sector
than with any of the other lighter, known, fermions.
Many models predict new particles or interactions that
couple preferentially to the third generation and in
particular to the top quark. These models extend the
strong, hypercharge or weak interactions in such a way
that, on some scale, the new groups spontaneously break
into their SM subgroup: SU(3), x SU(3); — SU(3)¢,
SU(Q)}L X SU(Q)[ — SU(Q)W, and U(l)h X U(l)[ —
U(1)y, where h represents the third (heavy) generation
and [ the first two (light) generations. As a result,
one would expect the production rate and kinematic
distributions of the decay products to differ from the SM
predictions. The SM predicts BR(t — bW) > 0.998.
Other decays allowed in the SM are not only rare, but
also too difficult to disentangle from backgrounds to be
observed in the future. Nevertheless, one must try to be
sensitive to all conceivable signatures of top quark decay,
as some can be enhanced by several orders of magnitude
in scenarios beyond the SM. Here we highlight some
scenarios, with interesting theoretical motivations, in
the rich of Tevatron Run 2, that will get a relevant
advantage of the LPT trigger.

7.2.5. Search for SUSY Decays of Top

The CDF experiment has already searched, during the
Run I, for events of this type where the SM top decay
proceeds as t — Wb — Lvb ({ = e, ), while
the SUSY decay of the other top proceeds as t —
1Y) = b = b @ XX setting a 95% C.L.

limit on BR(t — 1)) as function of my , mg+ and

mgo [12]. The LPT trigger will allow us to access also
final states containing 7’s, making possible to increase
the sensitivity on the branching ratio BR(t — 1 ¢?).

7.2.6. Top Decays in BRPV

Another class of models that will be possible to
investigate by using the LPT trigger is the Bilinear Rp
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Violation (BRPV) [13, 14, 15, 16]. These models are
well-motivated theoretically as they arise as effective
truncations of models where R-Parity is broken
spontaneously [17] through right handed sneutrino
vacuum expectation values (vev) ¢ = vg # 0. In the
BRPYV models, the charginos mix with charged leptons,
the neutralinos with neutrinos, and the charged sleptons
with the charged Higgs boson [13—15]. Therefore, the
top can have additional decay modes:

t—=7b, touvt, t—oTh

In every case, the various decay modes lead to cascade
decays:

t—7b —1tub
—7t0b0 =7t ffub
STttt
—)VTXTI) —H/Tfi’VTb
— v ffrth
—csb
t—s71tbh =7t b
—=7t%0b =Tt ffub

71t fflrtb

In nearly all cases, there are two 7’s and two b-quarks
in the final state plus the possibility of additional
leptons and/or jets. Therefore, b-tagging and a good 7
identification are important for extracting these final
states. The background will come mainly from the
production of one or two gauge bosons plus additional
jets.

7.2.7. Search for SUSY Higgs

The search for the lightest SUSY Higgs (ho) will be
very similar to the case already mentioned of the SM
Higgs search. The difference can be in an enhanced
rate, in particular for the case where the Higgs decays
into a 7-pair. This trigger is quite unique for detecting
h® — 7t~ with one leptonic 7 and one hadronic T or
both leptonic.

7.2.8. Search for Lepton Flavor Violating Higgs Decays

Strong evidence in favor of neutrino masses and mixing,
obtained in Super-Kamiokande and other neutrino
experiments, opened a new epoch. Several extensions of
the SM, Supersymmetric and not, assume the existence
of flavor-changing couplings of a Higgs boson. Among
them, the generic Two Higgs Doublet Model (THDM-
IIT) can be taken as a representative case where BR(H —
Tu) can reach values of order ~ 107! — 10=2 as shown
in [18]. The search for Lepton Flavor Violating (LFV)
Higgs decay, H — Tu, is not only well motivated by the
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Fig. 4. Track multiplicity of 7 objects in the Electron Plus Track
and Mr(e,fr and
Pr(e,Fr cuts. Data are shown together with the Z0 — 747~

Trigger dataset after baseline selections

W +jets and Z% — eTe™ expected contributions

favorable interpretation of the v, — v, oscillation but
also has the unique advantage to be at the same time
a reachable Higgs discovery channel and a way to
constrain the present loose bounds on the size of the
LFV factor k., by following a totally model-independent
search for LFV Higgs decays. Naturally this is an
interesting signature for which the use of the Lepton
Plus Track Trigger is mandatory.

7.2.9. Search for Large Extra Dimensions

Few years ago, Arkani-Hamed, Dimopoulos and Dvali
(ADD) suggested that the foundamental quantum
gravity scale is of the order of the Fermi scale: Gy =
Gp/RYN where Gp is the microscopic Newton constant,
N is the number of extra spatial dimensions, hidden, as
compactified at each point of the 4-dimensional space,
with a compactification radius R [19]. Present gravity
experiments, with Cavendish-type setups, cannot test
gravity below the mm scale. Tevatron can study gravity
below this edge. As a matter of fact, the virtual exchange
of graviton towers ( Gk k) either leads to modifications
in SM cross sections and asymmetries or to new processes
not allowed in the SM at the tree level. In the case
of virtual Gk emission, gravitons lead to apparent
violation of 4-momentum as well as of the angular
momentum. The impact of virtual gravitons then can
be observed in processes such as: g¢g — G — vy or gg —
G — (¢~ where the ADD model introduces production
mechanism that can increase the cross-section [20]. The
characteristic signatures of virtual graviton exchange
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correspond then to the formation of massive systems
abnormally beyond the SM expectations. The LPT
trigger gives a very relevant access to this physics as
it permits to study pairs of charged leptons including
T’s.

8. Preliminary Results: the Z° — 77 Signal

As a prelude to any future analysis, and in order to
illustrate the technique, we discuss, in this section, the
first look at Z° — 77 events collected with the Electron
Plus Track Trigger. The data used for this preliminary
analysis was collected between March 2002 and January
2003, corresponding to a total integrated luminosity of
~ 72 pb ! [21]. In this case, we will have one tau
decaying leptonically in an electron (7.) and the other
one hadronically (75,). Our analysis begins by requiring
the presence of at least one good electron in the central
region (|n°| < 1.0) with Er > 10 GeV and Pr >
8 GeV/c. The cuts applied for the electron identification
are similar to the standard CDF-II cuts for selecting
inclusive high Er central electrons. Since the second leg
in the decay Z° — ee can be misidentified as one prong
T, we strictly remove any possible Drell-Yan Z° —
ete™ candidate event by using both calorimeter and
track information. Then, we require the event to have at
least one 73, object in the central region |n™| < 1.0 with
a cluster transverse energy: E$USt®r(7,) > 20 GeV. The
SM backgrounds for Z° — 7,7, analysis are essentially
the QCD W(— ev) + jets, Z°/y* — efe™, WW
diboson production and tt events. The QCD W + jets
background is partially reduced by applying a cut on the
transverse mass: Mr (e, 7)< 25 GeV/c?. In fact, the W
events show up in the higher mass region as in this case
Mr(e,fr) is the transverse mass of the W. After the
My (e,Fr) cut, a significant number of QCD background
events is still present in the sample. A further cut is
then applied Pr(e,fir) > 25 GeV/c. After applying the
baseline selection cuts for the electron and for the 7,
candidate and the further cuts on Mr(e,£r) Pr(e,Er),
we end up with a sample containing 78 events. This
sample is expected to consist of ~ 59 % of signal events
with the rest of the background events dominated by
QCD jet production. The track multiplicity associated
with the 75, candidate found in events passing selection
cuts is shown in Fig. 4. We observe a clear 7 signal
(1,3 prong signature) over background levels even before
requiring the opposite sign charge for the electron and
the 75,. If we define the charge of the 75, candidate as

trk
oo 4t it

the sum of the track charges: Q(m) = > ;,
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is possible to classify the sample of 78 events in same
sign (SS) and opposite sign (OS) events. We are left
with 47 OS events. Figure 5 shows the mass of the
system containing an electron, a hadronically decaying 7
and the Fp. As is possible to see, the mass distribution
of the electron-7j,- fp system (M (e + 7, + £7)) in the
data is consistent with the Z° — 77 hypothesis. To
study and collect a sample of Z° — 77 is an important
benchmark for several reasons. This sample will be
fundamental in order to calibrate the trigger system and
to understand the system global performances. On the
other hand, this preliminary analysis is important as
the Z° — 77 events are one of the most significant
backgrounds for many of the analysis described in the
previous section.

9. Summary

Without any doubt, 7 physics will be one of the most
intriguing chapters in the Run II physics program
at Tevatron. Hence, the possibility to select tau
enriched samples already at trigger level opens new
perspectives for CDF-II experiment. In this paper,
we described the basic ideas, implementation and
performances of dedicated triggers, allowing one to
select events with at least one 7 candidate in
the final state. With the first results on Z° —
77 production, obtained with one of the described
trigger, we start to investigate a wide and intense
area of physics searches with 7 leptons in the final
state.
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OIBUYHA ITPOI'PAMA 7-TPUT'EPIB HA CDF-II,
IJEHTUOIKAIIA 7-JIEIITOHIB
TA IIONIEPE/IHI PE3VJIBTATU

C. Hanapone (610 CDF-II-xosabopayii)
Peszmowme

Busuenns mpounecis, siki MicTATb 7T-1€NTOHE B KiHIEBOMY CTaHi,
BimirpaBaTuMe BaxKyuBY posib B mukii II ma TeBarponi. Taki kin-
meBi craHu OyayTh KOPUCHHUMH i JJIsi BUBYEHHsI, i JJIsi OOYUCIIeH-
HS eJIeKTPOCIabKUX MPOIECiB, a TAKOXK IS MOIIYKIB (Pi3UKHU IO-
3a pamkamu crangapraol moxesi. /lana pobora obrosoproe dizmu-
Hi mepeBaru Ta HEJOJIKH, IIOB’SI3aHi 3 BBEJEHHSM HOBOTO HADOPY
Tpurepis, 3maTHUX Bigbuparn moxil 3 T-KAHAUZATAME B KiHIIEBO-
My craHi. Mu moka3yemo, 30kpema, (izutaHi MOKIUBOCTI s pi3-
HOMAHITHAX HOBHUX (i3MYHUX CIIeHApiiB, TaKUX, AK CyIepCHUMeT-
pis1, cymepcuMerpist 3 mopymeHHAM Rp-HAPHOCTI, 3 MOPYIIEHHIM
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GininiftHOT mapHOCTI YU MOAesi 3 MOPYIIEeHHSM JIEIITOHHOTO “apo-
vary”. B kinni mMum nmpencraBisiemo meprri pe3ysbraru mukiry 11,
OTpHMAaHI 3a JOIOMOIOK JesdKHX 3 OMUCAHUX T-TPHUIepPiB.

OUBNYECKASA IIPOTPAMMA 7-TPUTTEPOB
HA CDF-II, UJTEHTUOUKAIINA m-JIEIITOHOB
1 IIPEJABAPUTEJIBHBIE PE3YJIBTATHL

C. Hanapone (om CDF-II-kosrabopayuy)
Peszowme

M3yuenne mpomeccos, CoAepKaIIUX T-JENTOHBI B KOHETHOM COCTO-
sHUH, OyJeT UrPaTh BarXKHyIO posib B rukie 1l ma Tasarpone. Ta-
KHe KOHEJHBbIe COCTOSHHA OYyIyT IOJIE3HBIMH U A H3ydIeHHd, U
JIJIS BBIYUCIIEHUS JIEKTPOCIAObIX MPOIECCOB, a TaK2Ke JJIA IIOUC-
KOB (pU3UKHU BHE PAMOK CTaHZAPTHON Mogesnu. Hacrosmas pabora
obcyxKaeT pu3nIecKue JOCTONHCTBA U HEJIOCTATKH, CBA3AHHEIE C
BBEJEHHEM HOBOIO HADOPA TPUITEPOB, CIIOCOOHBIX OTOHPATH COOBI-
THS C T-KaHIUJTATAMHA B KOHEYHOM COCTOAHUHU. MBI IIOKa3bIBAEM, B
9aCTHOCTH, (pu3ndecKre BO3MOXKHOCTH [JIsi PA3HOOOPA3HBIX HOBBIX
bHU3nIeCKUX CIIEHAPHEB, TAKHUX, KK CyINepCHMMETPHUd, CYyIIepCAM-
MeTpHs C HapylIeHneM R-p-9eTHOCTH, C HapyIIeHHeM OUIHHeHHOH
YEeTHOCTH WJIM MOJEJIU C HAPYIIEHHWeM JIENTOHHOro “apomara’. B
KOHIIe MBI IIPeJICTaBisgeM IepBble pe3yabTaThl nukia I, momyden-
HbIEe C UCIIOJIb30BAHUEM HEKOTOPBIX U3 OMUCAHHBIX T-TPUTTEPOB.
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