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1 Introduction

This analysis seeks to measure the rate of !]_! events in the �"
"`[acb and ��
"`[acb dilepton
final states using 193.5 d 12 e4f�%�& of data taken in the period from March 23, 2002
- September 2003.

The “ �"
]`[a$b ” channel refers to events in the following decay chain:

![_!g� 2h2hf[fi� �"
]`jacb]3lk.3m\�fjf .

The “ �n
"`[a$b ” channel refers to events in the following decay chain:

! _!?� 2h2of[fi� �n
"`[acb"3^pq3^\^f[f ,

where in each case 
"`[a$b refers to a 
 decay with one or more hadrons in the final
state.

Identification requirements for electrons and muons are identical to the tight-
tight top dilepton analysis in the �^� , ��� , ��� channels as documented in Refer-
ence [2]. Of course, the present analysis differs in the requirement to identify a
final state 
 hadronic decay as well as the extra final state 3F\ from the 
 decay
which will change the measured <=g> and r
8 for these events.

The measured rate for ! ! in this channel can be expressed as

s?tvut = wyx{z|v}�~��"� ����� ���
where:

� O is the number of signal events,

��� is the number of background events,

��� is the integrated luminosity of our data sample,

� and � k���pl� \8��8 is our acceptance, which includes BR(dilepton k���pm� \ ) and BR( 
�� hadrons).

This note summarizes the expected signal, backgrounds and the calculation of
the acceptance.
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2 Event Selection

We use the “Winter Conference” tight electron and tight muon datasets created for
the top and electroweak groups by Evelyn Thomson for top analyses [3]. We use
the following cuts to select events:

1. One Central Tight Electron, Tight CMUP Muon, or Tight CMX Muon
above 20GeV

� We use the Baseline Analysis Cuts [4] used by the Dilepton Working
Group for Winter Conferences. The tight electron cuts are listed in
Table 1 and the tight muon cuts are listed in Table 2.

2. Tau Cuts as shown in Table 3

3. <=?>o�
20 GeV

� We use <=?> corrected for tight muons, event vertex, and adjust for jet
corrections of all jets

�
15 GeV with | � | � 2.0.

4. On subset of events, Veto events with 65GeV ����k���pl� \�� 115GeV

� This cut targets our � ' ����� 
�
������"!$# background, which was the
largest background for this analysis in Run 1 [5]. We do not make this
cut on all of the events, but only on a class of events with topology
similar to �0��
�
���� �"!$# in order to reduce our acceptance as little as
is possible. As is described in Ref. [6], the event <=?> is apportioned to
the two presumptive taus (the hadronic tau and lepton candidates) in
the invariant mass calculation according to the : of the taus and the <=?> .
We require that the two presumptive taus not be back-to-back in order
for us to get an unambiguous answer in this procedure of dividing the
<=g> :

9;:4\P ¢¡�£m� \J¤�� ( 5 - 0.5)

We make the following angular requirement in addition to the non-
back-to-back requirement in order to select events that are �¥� 
�
 -
like (with the <=g> between the two presumptive taus in : ):

( 9;: \  ¢¡�£ � <=g> + 9;: \ ¤ � <=?> - 9*:�\  ¢¡P£ � \J¤ ) � 0.4
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where

– 9;: \  ¢¡�£ � <=?> is the Phi between the electron or muon candidate and

the event <=?>
– 9;: \J¤]� <=?> is the Phi between the tau candidate (hadronically de-

caying tau) and the event <=g>
– 9;:4\  ¢¡�£ � \ ¤ is the Phi between the electron or muon candidate and

the hadronically decaying tau candidate
� Our Mass window is very wide (65–115GeV) because the resolution

for this pseudo-invariant mass reconstruction is poor and because the
mean value we reconstruct is systematically below the � pole. If an
event passes our angular requirements and is reconstructed in our mass
window, we veto the event. This Z mass veto allows us to reduce our
� ' �"�¦� 
�
 background by a factor of five while only reducing our
acceptance by 4 § [6].

5. H 8 � 205GeV

� Calculation of ry8 uses corrected <=g> and jet energies.
� Our cut on the E 8 of the first jet and on the event H 8 were determined

by an optimization procedure described in Ref. [7].

6. ¨ 2 jets with | � | � 2

� @i© of first jet
�

25GeV
� @i© of second jet

�
15GeV

� We apply level5 jet energy corrections to all jets.

7. opposite charge of tau and electron or muon

� the tau charge is the sum of charges of tracks within the tau cone
around the tau seed track. As part of the tau selection, this total charge
is required to be dyª for tau candidates with more than one track.
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Variable Cut
@i© �

20 GeV

I{© �
10 GeV

ISO4 � 0.1

@U`[acb / @UkP« � 0.055 + 0.00045*E

E/P � 2.0 (or @i© �
50 GeV)

Lshr � 0.2

Q * 9
¬ -3.0 cm, 1.5 cm

| 9;­ | � 3.0 cm
®	¯° 8²±�³µ´ � 10

| ­ 6 | � 60.0 cm

track quality ¨ 3 stereo SL ¨ 7 hits

¨ 3 axial SL ¨ 7 hits

FIDELE 1

Table 1: Electron identification cuts. Explanations of the variables are docu-
mented in Ref. [8].
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Variable Cut
Track I{© �

20 GeV

ISO4 � 0.1

@¶`[a$b � 6.0 GeV (and sliding for P above 100 GeV)

@¶kJ« � 2.0 GeV (and sliding for P above 100 GeV)

| ­ 6 | � 60.0 cm

| ·N¸ | � 0.02 cm (with silicon)

� 0.2 cm (no silicon)

track quality ¨ 3 stereo SL ¨ 7 hits

¨ 3 axial SL ¨ 7 hits

muon stub has CMU and CMP stubs (for CMUP)

has CMX stub (for CMX)

| 9
¹*º�»½¼ | � 3.0 cm (for CMUP muon)

| 9
¹*º�»M¾ | � 5.0 cm (for CMUP muon)

| 9
¹*º�»�¿ | � 6.0 cm (for CMX muon)

Table 2: Standard tight CMUP and CMX identification cuts.
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Tau Variable Cut
5 6 + Track I{© �

15 GeV

| ­ 6 | � 60 cm

| ·�¸ | � 1 cm

(Track + 5 6 ) Mass � 1.8 GeV/ À ¯
Cal Iso: 9;Á =0.4/ @LÂPÃÅÄ ° 8ÆkP±© � 0.06

# tracks in Iso Annulus 0

# 5 6 ’s in Iso Annulus 0

# tracks in Tau Cone � 4

| E (track charge) in Tau Cone| 1

� veto: E © /seed track P © �
0.5

� veto: @UA�B�C /SUM (P)
�

0.15

seed track quality ¨ 3 stereo SL ¨ 7 hits
¨ 3 axial SL ¨ 7 hits

seed track |Z CES|
�

9 cm
� 216 cm

Table 3: Tau identification cuts. Note that the tau cone and isolation annulus
depend on the energy of the tau candidate.
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3 � ID Scale Factor

We take our tau ID efficiency from the Monte Carlo both to determine our accep-
tance to determine our backgrounds due to real taus ( ��� 
�
 , WW, WZ.) In order
to account for possible poor modeling of tau ID variables in the Monte Carlo we
measure a tau ID scale factor using taus in the data. We then apply this scale factor
to Monte Carlo in order to correctly reproduce the efficiency we see in the data.
This exercise requires a clean sample of taus.

Our data comes from dataset ETAU08 where we have further required that
the event passed the TAU_MET trigger path. This data sample, triggered on high
missing Et and an isolated tau candidate, includes taus from W decays. We use
the pythia 2 � 
43 Monte Carlo sample wtop1t to predict how many taus we
expect to measure in the data. The difference between the number of taus we
predict from the Monte Carlo and the number we observe in the data gives us a
measure of the scale factor associated with our tau ID cuts. However, in order to
compare the Monte Carlo with the data we need to correct for trigger efficiencies
and backgrounds.

The TAU_MET path requires

� Level1: <=?>y�
25 GeV

� Level3: <=?>y�
20 GeV, ¨ 1 
 candidate

The Level3 
 candidate, found with TauFinderModule, has the following cuts:

� E 8 � 20 GeV

� |detector � | � 1

� seed track P 8 � 4.5 GeV

� seed tower E 8 � 6 GeV

� no tracks in the 10-30 degree annulus around the seed track

We run TauFinderModule in the same standard configuration as is used in the
trigger to reconstruct 
 candidates. The 10-30 degree isolation annulus is not a
part of identifying standard tau candidates with TauFinderModule so we add this
isolation requirement to our Monte Carlo event selection.

We apply the following selection cuts to both data and Monte Carlo samples
to isolate 2 ��
43 :
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� Passed TAU_MET path (data only.)

� No tracks in 10 to 30 degree isolation annulus (there is trememdous overlap
between this cut and our isolation annulus tau ID cut.)

� Corrected <=?>Ç�
30 GeV

� Tau candidate passes all ID cuts, with Track + 5 6 P 8 � 25 GeV

� Veto events with ¨ one 5 GeV jet, | � | � 2.0 (dramatically reduces back-
grounds.)

This sample is similar to the monojet sample studied in Ref. [9].

3.1 Corrections to Monte Carlo

We correct our Monte Carlo for the trigger efficiency of the Level1 <=?> trigger
using the turn-on curves shown in Ref. [9]. Our high <=?> cut ensures that we never
need to correct by a large factor because of the high trigger efficiencies at high
<=?> .

We use the process �È� ��� to understand the monte carlo modeling of our
jet veto requirement. We isolate a clean sample of �É� ��� in both the data’s
inclusive muon sample (193.5 pb %�& ) and the Monte Carlo pythia ztop0m sample.
We make the following cuts:

� Tight CMX or CMUP muon with P ! � 20 GeV

� Track with P ! � 20 GeV

� Muon and muon object (track) are back-to-back ( 9;: � 5ËÊÌ¸�ÍÏÎ )

� Reconstructed mass of the two objects is between 75 GeV and 105 GeV

We estimate our background in the data using the same-sign events as in Ref
[10]. After background subtraction we have 72023 Monte Carlo events and 7091
data events. We plot the number of 5 GeV jets in the data and Monte Carlo in
Figure 1 with both distributions normalized to unity. We see that 47 § of the Monte
Carlo events are in the 0 jet bin, which corresponds to our monojet sample, and
42 § of the data falls in the 0 jet bin. This means that we need to scale our monte
carlo monojet sample by a factor of 0.42/0.47 before we compare distributions
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# of 5 GeV jets in event (norm = 1.0)
0 1 2 3 4 5 6 7

0
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Entries  72023
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RMS     1.213

 MCµ µZ-> 

 Dataµ µZ-> 

Figure 1: The distribution of the number of 5 GeV jets in �W� ��� events in data
and Monte Carlo. Both distributions have been normalized to unity.
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with the data monojet sample. All plots of the 2 � 
�3 Monte Carlo in this note
have this monojet scale factor applied to them.

We must also scale for the luminosity of the samples involved. We use 57.6 d 3.4
pb %�& of Run2 data from the ETAU08 dataset. Assming a 2 ��
43 Cross Section
* Branching Ratio of 2690 d 100 pb for wtop1t, we have the equivalence of 171 d 6
pb %�& of Monte Carlo [12]. In addition to the correction for the monojet cut we
apply the correction for luminosity (57.6/171) to the Monte Carlo sample before
we compare the Monte Carlo with the data.

3.2 Backgrounds

To convince ourselves that we do not need to worry about the QCD background
we loosen our tau ID cuts so that we are only applying the following cuts:

� track + 5 6 P 8 � 25.0 GeV

� electron veto: HadE/ E P
�

0.15

� |charge of tau| = 1

� �
4 tracks in tau cone

This is our sample of possible jet fakes to which we apply a modified relative
fake rate calculated in Ref. [13] which we adjust to include the 10-30 degree
track isolation annulus requirement in the denominator. This sample with the
reduced tau ID cuts includes all of our final taus passing all cuts. This method is
analogous to our method to determine our background due to jets faking taus in
the main analysis, as described in section 5.1.1.

We apply this procedure to both the data, where we could presumably have
some jet background, and to the Monte Carlo, where there is no jet background.
We predict 53.7 d 14.0 events with the Monte Carlo and 56.8 d 14.8 events with the
data where the errors given are due to the 26 § systematic uncertainty associated
with the jet to tau fake rate calculated in note 6784. Because these two numbers are
consistent with each other we do not subtract any background from the monojet
data sample due to jets faking taus.

The comparison can be seen between the Monte Carlo and data predictions
in Figure 2, where we have dropped the cut on the tau charge and the cut on the
number of tracks in the tau to show the track multiplicity distribution of the two
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track multiplicity for predicted jet fakes
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wtaunu_jetfakes_trackmult_weighted_0j

Entries  4165

Mean    1.896
RMS     1.059

wtaunu_jetfakes_trackmult_weighted_0j

Entries  4165

Mean    1.896
RMS     1.059

 MCν τW->

 Dataν τW-> 

Figure 2: We show the predicted background from jet fakes in data and monte
carlo. The agreement between the two where, in the Monte Carlo case we expect
no background, gives us confidence to neglect this background.
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samples. We see that the data is consistent with the distribution of pure taus in the
Monte Carlo.

We reach a different conclusion with our electron background where we be-
lieve we are able to see a contribution coming from 2 � �m3 . We create an
electron sample by requiring the tau candidate to pass all tau ID cuts but fail the
electron veto cut. We apply our calculated electron to tau fake rate to this sample
(calculated in Ref. [20]) of (1.2 d 0.3) § which gives us a background contribution
of 105.8 d 26.5 events due to electrons faking taus.

3.3 Scale Factor

We predict 583 events with the Monte Carlo and see 556 events in the data after
subtracting the electron background. This gives us a scale factor of 0.95 d 0.10
that we apply to the Monte Carlo. The largest contributions to the uncertainty, in
decreasing order, are the uncertainty on the 57.6 pb %�& luminosity, the 2690 d 100
pb cross section, and the 25% uncertainty on the electron background subtraction.

We show the track multiplicity distribution of our 2 � 
43 events, where
we have removed the charge and number of tracks in tau cone cuts to see the
shapes in Figure 3. We show the Monte Carlo stacked on top of the electron
background contribution, allowing the total to be compared to the data points.
Other comparisons, plotted in the same style but after all tau ID cuts, are shown in
Figures 4 - 7. Note that the calorimeter isolation variable is not well modeled in
the Monte Carlo (Figure 4.) We believe this discrepancy accounts for the majority
of the measured scale factor.
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wtaunu_sig_trackmult_0j

Entries  733

Mean    1.655
RMS    0.9165

tau candidate track multiplicity
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Entries  733

Mean    1.655
RMS    0.9165

 MC + ele data BGν τW->

 Dataν τW->

ele data BG

Figure 3: Final track multiplicity prediction in the data and the monte carlo. We
show absolute predicted number of events from the Monte Carlo and measured
events in the data before the electron subtraction. The electron background and
Monte Carlo contributions have been stacked on top of each other so that the total
can be compared to the data.
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wtaunu_sig_caliso_0j

Entries  662
Mean   0.02985
RMS    0.01578
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Calorimeter Isolation Ratio

Figure 4: The data (points) and Monte Carlo plus electron background (histogram)
calorimeter isolation ratio distributions are shown. Calorimeter isolation ratio is
poorly modeled in the Monte Carlo which contributes to the overall scale factor
that we must apply to our acceptance and to our real tau Monte Carlo backgrounds.
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wtaunu_sig_mass_0j

Entries  662
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ele data BG

Figure 5: The data (points) and Monte Carlo plus electron background (histogram)
tau candidate track + 5{6 mass distributions are shown.
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wtaunu_sig_pt_0j
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Figure 6: The data (points) and Monte Carlo plus electron background (histogram)
track + 5{6 P 8 distributions are shown.
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wtaunu_sig_deltaphi_0j

Entries  662
Mean    3.045
RMS    0.2158

delta phi between tau and missing Et
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Figure 7: The data (points) and Monte Carlo plus electron background (histogram)Ð : between the tau and the event <=?> distributions are shown. We expect to see a
peak at 5 for 2 ��
43 events.
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4 Acceptance

We use the inclusive !j_! dataset ttopei as our primary Monte Carlo sample. This
sample was generated with Pythia and simulated and reconstructed with release
4.11.1 of the CDF software. We processed the output of production with TopEvent-
Module in order to recluster jets and correct <=?> for the primary vertex and tight
muons. We apply level5 jet corrections to the raw jets and we correct <=?> and r�©
to reflect the jet energy changes.

We do not do any matching of reconstructed objects to HEPG (generator-level)
objects when we calculate our acceptance, but we do select our events using gen-
erator level information. One W must decay to a tau which must decay hadroni-
cally. The other W must decay to an electron or muon for the �"
 and �n
 channels
respectively.

Our acceptance, � 8 �8  ¢¡�£[Ñ Ò , can be written as:

� 8 �8  ¢¡�£(Ñ Ò = �$8²±�³ÏÓÔÓckJ±?�$Óck�Õ�« % ´(84�
k���pÖ C � k���p±vk Â Õ � \ Ö C �$×ckP±�8ÆkJØU� <=?> �ÙAnÚ�� ¯�Û kP84�ÙÜ4Ý½�ÙÞ ×ckP8ÆÕ

We take the following pieces of the efficiency from the Monte Carlo:

� �cÓ$kJÕ�« % ´[8 , � k±vk Â Õ , � <=?> , �ÙAYÚ , � ¯�Û kJ8 , �ÙÜYÝ , �ÙÞ�×ckJ8ÆÕ
The other pieces are shown in Table 4 [14][15][16][17][18].
We take the e _eß� ! _! cross section to be à�Íâá pb from the NNLO calcula-

tions [19] when calculating our expected number of events.

4.1 Acceptance from ttbar MC

The effect of our analysis cuts is shown in Table 5. The cuts are defined as follows:

� N(sig): This is the true total number of events in the listed category accord-
ing to HEPG information. The �"
 category requires one of the W’s to decay
to an electron (and neutrino) and the other to decay to a tau. The �n
 cate-
gory requires one of the W’s to decay to a muon and the other to decay to
a tau. The 
�
 categories require both of the W’s to decay to a tau with one
tau decaying to a lepton and the other tau decaying hadronically.

� N( ��� geoP ã ): requires a 20 GeV central, fiducial electron or muon.
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scale factorä 8²±�³ÏÓÔÓ$kP± : CEM 0.966 å 0.001ä 8²±�³ÏÓÔÓ$kP± : CMUP 0.890 å 0.009ä 8²±�³ÏÓÔÓ$kP± : CMX 0.966 å 0.007ä kÖ C : CEM 0.965 å 0.006ä p Ö C : CMUP 0.94 å 0.01ä p Ö C : CMX 1.015 å 0.007ä p±�k Â Õ : CMUP 0.927 å 0.010ä p±�k Â Õ : CMX 0.992 å 0.11ä \ Ö C 0.95 å 0.10ä ×ckP±�8ÆkJØ 0.948 å 0.003

Table 4: Scale factors that must be applied to monte carlo acceptance (and Monte
Carlo backgrounds.)

� N( ��� id): requires the electron (CEM) or muon (CMUP or CMX) to pass
the baseline winter conference ID cuts.

� N( ��� iso): requires the electron or muon to pass the standard isolation cut.

� N( 
 cand): requires a tau candidate (from TauFinderModule, with | � | �
1.1) which does not match the reconstructed electron or muon. TauFind-
erModule requires a calorimeter tower with E ã �

6 GeV, no more than 5
shoulder calorimeter towers with E ã �

1 GeV and seed track P ã �çæ ÍÏÎ
GeV. The decrease from 2034 to 1525 events is due mainly to events which
are lost because the generated tau went into the forward region of the detec-
tor and therefore could not be found as a tau candidate which requires the
object to be in the central calorimeter. Another contribution to the decrease
is due to events in which the P ã of the generated tau is small enough that it
can’t be found as a tau candidate. The tau decay topology does not produce
a particle which deposits 6 GeV E ã into a single calorimeter tower. Many
of the events passing this cut only do so because a jet fakes a tau candidate
in the central region while the generated tau goes into the forward region.

� N( 
 P ã ,id,iso): requires a tau candidate with E ã � ªmÎ GeV to pass all tau
ID and isolation cuts. There is a sharp decrease in number of events after
this cut because many of the tau candidates correspond to jets which do not
easily pass the tau ID cuts. The 15 GeV cut on tau E ã also contributes to
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the decrease. The remainder of the decrease is due to the tau ID/isolation
cuts.

� N(opp sign): requires the sum of the charged tracks in the tau cone to be
opposite the charge of the � or � (depending on the category).

� N(1jet): requires a minimum of one extra jet in the event that does not match
the electron/muon or the tau (in a cone of radius 0.4) and has | � | � 2.0 and
@è© �

25 GeV

� N(2jet): requires a second jet that does not match the electron/muon or tau
and has | � | � 2.0 and @i© �

15 GeV.

� N( <=?> ): requires the corrected <=?> (for tight muons and all jets with E ã � ªmÎ
GeV and é �{é���V�Íê¸ ) to be above 20 GeV

� N(H ã ): requires r
© to be above 205 GeV

� N(Z mass veto): requires the event to survive our mass reconstruction veto
cut

Table 6 is a reordered version of the acceptance table which more clearly
shows the separate effects of geometry, P ã , ID and isolation cuts on the tau candi-
dates. The N( 
 geoP ã ) cut requires the reconstructed tau to match the generated
tau. Here it is more clear that the combined efficiency of the tau ID and isola-
tion cuts is about 35%. Note that both versions of the acceptance table have the
same number of events passing all cuts, indicating that the normal analysis cuts
accept events in the ! _! MC sample only if the reconstructed tau corresponds to the
generated tau.

Our ![_! efficiency can be written as

� »Hº8��8 = (Total O�Þ�«ëa °�° ×ckJ8ÆÕ / Total Sample Size) * scale factors,

where the scale factors are weighted over the different efficiencies associated with
the finding of the electron (CEM) or muon (CMUP or CMX) in the event. We
therefore calculate

� 8ì�8 = 0.00080 d 0.00005(stat) d 0.00014 (sys)

where the systematic errors are described in the following section.
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# of events
Cut e í[` î4í(` í k í(` í p í(`
N(sig) 5545 5689 1000 1031
N( ï(î geoP ã ) 3373 2331 371 232
N( ï(î id) 2198 1983 178 195
N( ï(î iso) 2034 1828 156 172
N( í cand) 1525 1419 117 134
N( í P ã ,id,iso) 284 246 25 24
N(opp sign) 282 245 25 24
N(1jet) 274 240 22 24
N(2jet) 236 202 18 19
N( ðñ > ) 219 185 18 18
N(H ã ) 200 171 17 15
N(Z mass veto) 193 164 16 14

Table 5: Number of events in Pythia signal Monte Carlo (dataset ttopei) passing
each stage of the analysis cuts out of 386,037 events from this dataset.

# of events
Cut e í[` î4í(` í k í(` í p í(`
N(sig) 5545 5689 1000 1031
N( ï(î geoP ã ) 3373 2331 371 232
N( í geoP ã ) 1323 957 160 84
N( ï(î id) 841 809 71 66
N( í id) 469 463 39 40
N( ï(î iso) 440 425 35 34
N( í iso) 284 246 25 24
N(opp sign) 282 245 25 24
N(1jet) 274 240 22 24
N(2jet) 236 202 18 19
N( ðñ >-ò 219 185 18 18
N(H ã ) 200 171 17 15
N(Z mass veto) 193 164 16 14

Table 6: Number of events in Pythia signal Monte Carlo dataset ttopei passing
a reordered version of the analysis cuts. Here, the N( 
 geoP ã ) cut requires the
reconstructed tau candidate to match the generated tau.
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Cut Percentage of remaining í só 6 + Track ô ©�õ 15 GeV 90.7 ö
| ÷ 6 | ø 60 cm 99.2 ö
| ùLú | ø 1 cm 100 ö
(Track + ó 6 ) Mass ø 1.8 GeV/ û ¯ 95.6 ö
Cal Iso: üHý =0.4/ þ Â�ÃÿÄ ° 8ÆkP±© ø 0.06 77.9 ö
No tracks in Iso Annulus 84.1 ö
No ó 6 ’s in Iso Annulus 97.5 ö
# tracks in Tau Cone ø 4 = 1 99.5 ö
| � (track charge) in Tau Cone| 92.0 ö
î veto: E © /seed track P ©�õ 0.5 99.7 ö
ï veto: þ A�B�C /SUM (P) õ 0.15 71.3 ö
seed track quality 98.8 ö
seed track |Z CES| (fiducial) 90.8 ö

Table 7: Effect of tau cuts on inclusive ttbar Pythia MC after a tight lepton (elec-
tron or muon) has been selected. An event must have a HEPG tau to make it to this
point of the analysis but we have not required the tau to be a hadronically decay-
ing tau. Electrons, unlike muons, are very efficiently reconstructed as taus because
the energy they typically deposit in the calorimeter easily passes the threshold for
tau reconstruction. Because of the efficient reconstruction of electrons as taus and
because of the presence of electrons from tau decays, we are not surprised by the
strength of the electron veto cut.

Category Pythia Herwig
ï[í(`�� í k í(` 0.76 å 0.08 0.67 å 0.06î4í(`�� í p í(` 0.53 å 0.07 0.61 å 0.06
total 1.29 å 0.10 1.28 å 0.08

Table 8: Number of expected events in 193.5 pb %�& for Pythia (ttop2e) and
reweighted Herwig (ttopli) Monte Carlo samples.
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Category Pythia no ISR Pythia default ISR
ïjí(`�� í k í(` 0.55 å 0.06 0.62 å 0.05
î4í(`�� í p í(` 0.38 å 0.06 0.46 å 0.04
total 0.93 å 0.08 1.08 å 0.06

Table 9: Number of expected events in 193.5 pb %�& for Pythia ttop0e sample (no
QED/QCD ISR) and Pythia ttopei sample (the default sample). The acceptance
comparison is made before background subraction.

4.2 Systematics
� Jet Energy Corrections

The level5 corrections to raw jet energies have some uncertainties associ-
ated with them which contribute to the systematic error. We estimate this
systematic error using the standard procedure1 in which we compare the ac-
ceptance when shifting all jet energies by d 1 � of the combined uncertainty
of the various jet corrections. Taking half the difference between the �
ª��
and Ê�ª�� result yields a systematic uncertainty of 5.8%.

� MC generator Dependence
We estimate the effect of a different modelling of ! _! production and decay
by comparing the Pythia ttop2e dataset with Herwig dataset ttopli. Both
are inclusive !j_! Monte Carlo samples. The ttop2e dataset has QED final
state radiation (FSR) turned off to make a fair comparison with the Herwig
sample which does not include QED FSR effects. We reweight the Herwig
results by the factor (0.108) ¯ /(0.111) ¯ to account for the fact that the Herwig
sample uses the theoretical value of 0.111 for the 2 � �P3 branching ratio
while Pythia uses the measured value of 0.108. The comparison is shown in
terms of expected number of events in 193.5 pb %�& in Table 8. Because the
two different datasets agree with each other within the statistical uncertain-
ties, we quote a systematic uncertainty due to generator dependence equal
to the 7% statistical uncertainty of the test.

� Initial State Radiation (ISR)
We compare the acceptance determined from inclusive ! _! Pythia MC with
ISR switched on (default dataset ttopei) and with ISR switched off (dataset
ttop0e). Table 9 shows that the half difference of the ttop0e dataset with

1Documented at http://hep.physics.utoronto.ca/JeanFrancoisArguin/JetCorrDoc/SystUncert.html
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Category Pythia less FSR Pythia more FSR
ïjí(`�� í k í(` 0.52 å 0.04 0.52 å 0.04
î4í(`�� í p í(` 0.41 å 0.04 0.37 å 0.04
total 0.93 å 0.06 0.89 å 0.06

Table 10: Number of expected events in 193.5 pb %�& for Pythia ttopde sample (less
FSR) and Pythia ttopee sample (more ISR).

respect to the default acceptance is 7%. This is taken as the systematic
uncertainty.

� Final State Radiation (FSR)
We estimate the acceptance uncertainty due to imprecise knowledge of Final
State Radiation by comparing inclusive ! _! Pythia sample ttopde with less
FSR (Kfactor is 2.0 for FSR evolution) with Pythia sample ttopee with more
FSR (Kfactor is 0.5 for FSR evolution). Table 10 shows that the difference
in acceptance is smaller than the statistical uncertainty of 7%, which we
therefore use as an estimate of the systematic uncertainty.

� PDFs
The default signal Monte Carlo sample, Pythia ttopei, is based on the CTEQ5L
Parton Distribution Function set using � ° T ¸�Í ª-ª	� . We consider here the
systematic uncertainty caused by varying the internal parameters of the PDF
set as well as varying � ° and the choice of PDF group.

With the new PDF set CTEQ6M, the CTEQ group made available 40 com-
plementary PDF sets CTEQ6M.01...CTEQ6M.40 each of which represents
an up or down variation along one of the twenty eigenvectors (correspond-
ing to the 
 VF¸ free parameters) which collectively form an orthonormal
basis set spanning the PDF parameter space [1]. Each up and down vari-
ation pair represents the range of PDF behavior that is consistent with the
current global data. Each event in the Pythia ttopei inclusive ! _! sample
is reweighted according to the ratio of the CTEQ6M PDF values and the
CTEQ6M.xx PDF values. 2 Then all normal selection cuts are applied us-
ing full simulation and reconstruction. The total acceptance change, with
respect to CTEQ6M, caused by all of the variations is 0.6%.

2See April 2, 2004, Joint Physics Meeting minutes
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In a similar way, a relative event by event reweighting is done using the
CTEQ5L and MRST72 PDF sets resulting in a 0.8% change in acceptance
due to the choice of PDF group. To estimate the acceptance sensitivity to
the value of � ° we compare the PDF sets MRST72 ( � ° T ¸�Í ª-ªmá-Î ) and
MRST75 ( � ° T¥¸�Í ª-ªmV-Î ) using the reweighting procedure described above.
The acceptance change is 0.1%. Considering the three contributions of
0.6%, 0.8%, and 0.1% we take 1% as the systematic uncertainty due to
PDF uncertainty.

� Electron/Muon ID

– The uncertainties in the reconstruction efficiencies (“scale factors”)
are summarized in Section 4 and are less than one percent. However,
due to uncertainty in how the scale factor varies with the numbers of
jets or the local environment, the �l�¶���
� dilepton anlaysis [2] chose
a scale factor of Î-§ . [11] We follow this decision in our analysis.

� Tau ID

– We measure this tau ID scale factor and calculate its systematic uncer-
tainty by comparing 2 � 
�3 data and Monte Carlo, as described in
a previous section. We calculate a scale factor with an uncertainty of
10.5 § .

We summarize the systematic uncertainty contributions in Table 11.
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Source Systematic Uncertainty
Jet Corr/Energy Scale å 5.8 ö
Electron/Muon ID å 5 ö
Tau ID å 10.5 ö
MC Generator å 7 ö
ISR å 7 ö
FSR å 7 ö
PDF å 1 ö
Total 17%

Table 11: Summary of Systematics for Acceptance

5 Backgrounds

5.1 Fakes

5.1.1 �
��
 Fakes

We have measured the rate at which a jet fakes a tau using the gqcd1g (“jet20”),
gqcd2g (“jet50”), gqcd3g (“jet70”), and SUMET datasets [13]. The fake rate was
calculated as a function of corrected jet E 8 and calorimeter isolation where the
denominator jets consisted of non-trigger-biased jets after requiring

� jet matches to tau candidate,

� @è© �
15GeV,

� electron veto ( @�A	BDCg�-EHGPI�K � 0.15),

� track charge in tau cone = d 1,

� and number of tracks in tau cone � 4,

and where the numerator was the subset of these events that passed all tau ID cuts.
The fake rates measured in the different samples are marginally statistically

inconsistent, and so we choose to calculate fake rates from the jet50 sample with
a systematic uncertainty of 26 § to cover these differences [13].
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Note that this is a relative fake rate (requiring a tau candidate in the denomina-
tor) in order to allow us to remove electron veto events (see the e ��
 fake section)
and to look at our jet fake contribution as a function of the charge product of the
tau candidate and other lepton in our jet multiplicity studies of Section 6.

In order to determine our background due to fakes we select a sample of tau
candidates from both the tight electron and tight muon datasets that pass the fake
rate demoninator cuts as well as the following event selection cuts:

� One central tight electron, CMUP muon or CMX muon above 20GeV as in
Ref. [2]

� One central jet (| � | � 1.1) that matches to a tau candidate passing the de-
nominator cuts shown above

� event corrected <=?>y� VF¸������
� ¨ 2 jets with | � | � 2

– @i© of first jet
�

25GeV

– @i© of second jet
�

15GeV

� r�© �
205GeV

� opposite charge of tau candidate and electron/muon

Note that if an event has more than one tau candidate that passes the denominator
fake rate cuts it may be entered into our denominator background sample more
than once.

This fake rate sample, which we believe to be dominated by W+jet events,
does contain both our signal and other sources of real taus ( � � 
�
 , 2h2 , 2h� )
In order to account for this we apply the fake rate only to events where the tau
candidate passes the above cuts but fails the final tau ID cuts. To avoid under-
counting our fakes this way, we replace our measured relative fake rate, � , with
the fake rate corrected for the missing fake taus, ���DGcª¶Ê���K . As the fake rate is of
order ªm§ on average, this is practically of little consequence, but it does minimize
double counting signal into the jet fakes.

We have 67 background candidate events in the �-,.
 channel and 37 back-
ground candidate events in the �/,.
 channel to which we apply the fake rate. The
total background in 193.5 pb %�& is 0.45 d 0.10 d 0.12 events for the �-,.
 channel and
0.30 d 0.06 d 0.08 events in the �/,.
 channel. The contribution of the events to the
background as a function of tau candidate track + 5 6 Pt can be seen in Figure 8.
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WJet_pt_ele_cprod_weight_2plusjet_ht

Entries  104
Mean    35.26
RMS      18.3
Underflow       0
Overflow   0.002205
Integral  0.7561
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WJet_pt_ele_cprod_weight_2plusjet_ht
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Mean    35.26
RMS      18.3
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Overflow   0.002205
Integral  0.7561

 channel jet fakesµe and 

Figure 8: The background contribution due to jets faking taus is shown as a func-
tion of tau candidate track + 5 6 P 8 for the combined �-,.
 channel and �/,$
 channel.
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5.1.2 �M��
 Fakes

We measured the rate at which an electron fakes a tau using � � �^� events in the
data [20]. The value of the fake rate was calculated as a function of our electron
veto variable, @ A�B�C?�-EHGJILK . We use a cut value of @�A	BDC?�-EHGPI�KM� 0.15 to define
our electron sample. The measured �M��
 fake rate at this value is (1.2 d 0.3)%.

We count the number of events in the data that pass all of our event selection
cuts where the tau candidate passes all tau ID cuts except it fails our electron veto
cut. There are 8 events before the H 8 cut, and we plot the @�A	BDC?�FEHGJILK of these
events in Figure 9 to assure ourselves that they are electron-like. The peak at
zero gives us evidence of this. After the H 8 cut we have seven events that pass
all cuts except for the electron veto. Applying our fake rate to this sample gives
us a background of 0.08 d 0.03(stat) d 0.02(sys) events. Note that this background
includes the physics background of �ß� �^� events and is only a background in
the �-,.
 channel.

5.1.3 �Ë��
 Fakes

A muon is unlikely to fake a tau because muons usually deposit very little energy
into the calorimeter and a minimum of 6 GeV of calorimeter energy is required in
order to form a tau candidate. The physics source for this background is � � ���
events.

We measured the rate of muons faking taus in the data using �h� ��� events
and found it to be consistent, within errors, to the fake rate given by the Monte
Carlo [10]. We see from this study that our muon veto variable, E © / seed track
P © , is well modeled in the monte carlo. Since we have confidence in the Monte
Carlo, and because it is difficult to isolate the few muons faking tau candidates in
the data (and even if we could we would be plagued by low statistics and therefore
high uncertainties) we calculate this background using �0����� Monte Carlo.

To estimate the background for events with zero or one jet in the final state,
we use 1000000 events from the pythia ztop0m monte carlo dataset. However
there are not enough statistics in this dataset for us to determine the ¨ 2 jet bin
contribution, after all cuts, to the total background. For this, we use 284946 events
from the Herwig + ALPGEN (+ 2 parton) � � ��� Monte Carlo sample, atop27.
The latter sample sample has a Cross Section * Branching ratio of approximately
23 pb. After all cuts, we predict a background contribution of 0.05 d 0.03 events
for 193.5 pb %�& .
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hadE / sumP (our ele veto variable)
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electron fake sample

Figure 9: The electron veto variable, @�A�B�C?�-EHGJILK , for our electron candidate
events before the H 8 cut. The peak at zero gives us confidence that this sample is
dominated by real electrons. Applying the H 8 cut brings the sample to 8 events.
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5.2 ��������� �����! #"%$'&
We use 464433 events from the ztop1t � ' ���)� 
�
 Pythia Monte Carlo sample
to determine the contribution from this background as a function of jets for the
jet multiplicity tables. The cross section * branching ratio of this sample is 283.5
pb. unfortunately only one event from this sample passes all of our analysis cuts.
Therefore, to estimate the background contribution after all cuts we use Herwig +
APLGEN (+2 parton) Monte Carlo.

There are three datasets covering three mass regions that need to be taken into
account for the Herwig + Alpgen (+2 parton) Monte Carlo:

� Dataset atop2b: We ran on a sample of 286823 events from this dataset.
These events were generated in the Z mass window, with masses between
75GeV and 105GeV. The cross section * branching ratio is 23.3 d 0.1pb.

� Dataset atop66: We ran on a sample of 274295 events from this dataset.
These events have generated masses between 10GeV and 75GeV. The cross
section * branching ratio is 50.2 d 0.1 pb.

� Dataset atop63: We ran on a sample of 166942 events from this dataset.
These events have generated masses between 105GeV and 800GeV. The
cross section * branching ratio is 0.631 d 0.001 pb.

The contribution due to each Monte Carlo sample is shown for both the �-,.

channel and the �ë,.
 channel in Table 12, after all relevant Monte Carlo scale
factors have been applied. The Pythia background based on the one event is listed
for completeness but it is not used in the analysis. Note that our expected number
of background events from ���7���ç� 
�
 is one fourth the size of our expected
number of signal events. This is very different from this analysis in Run 1 where
the background from this physics process was larger than the expected signal. The
mass veto cut is responsible for the dramatic reduction of this background [6].

5.3 WW

We calculate our jet multiplicity contributions from WW with 195897 events from
the Herwig + Alpgen (+0 parton) Monte Carlo sample atop4x. This sample has a
cross section * branching ratio of 8.282 d 0.005 pb. We calculate our background
contribution with 828061 WW events from the Herwig + Alpgen (+1 parton) sam-
ple atop5x. This sample has a cross section * branching ratio of 4.363 d 0.003pb.
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We apply all relevant Monte Carlo scale factors. Our resulting background for the
�-,.
 channel is 0.08 d 0.01 events and for the �/,.
 channel we see a background of
0.06 d 0.01 events. These final background numbers are consistent with what we
calculate if we sample atop4x to predict ourbackground.

5.4 WZ

We calculate our WZ background and jet multiplicity study contributions with
152500 events from the Herwig + Alpgen (+0 parton) monte carlo sample atop0y.
This sample has a cross section * branching ratio of 2.367 d 0.001 pb. After all
analysis cuts we have eight events in both the �-,$
 and �/,.
 channels. Our resulting
backgrounds, after all relevant Monte Carlo scale factors have been applied, are
0.01 d 0.01 events for both channels.

5.5 Background Summary

We show a summary of our backgrounds in Tables 13 and 14.

dataset Generated Z Mass range # of ï	(Ôí BG events # of î)(Ôí BG events

atop2b 75-105GeV 0.09 å 0.04 0.06 å 0.03
atop66 10-75GeV 0.00+0.03 0.00+0.03
atop63 105-800GeV 0.06 å 0.01 0.05 å 0.01
Total Herwig+Alpgen 10-800GeV 0.15 å 0.05 0.11 å 0.04
Pythia ztop1t * 30GeV 0.11 å 0.11 0.10 å 0.10

Table 12: Summary of backgrounds from � ' ��� ��
�
y��� �"!$# . The pythia predic-
tion, which is not used, is listed for comparison.
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number of events expected+ '-,-.�/ íqí0�21lï4365 0.15 å 0.05(stat) å 0.03(sys)
1 / í fakes 0.45 å 0.10(stat) å 0.12(sys)
ï / í fakes 0.08 å 0.03(stat) å 0.02(sys)
WW 0.08 å 0.01(stat) å 0.02(sys)
WZ 0.01 å 0.01(stat)
Total expected background events 0.77 å 0.12(stat) å 0.13(sys)
Signal exp from MC 0.59 å 0.05(stat) å 0.10(sys)

Table 13: �-,.
 channel signal and background predictions

number of events expected+ ' ,-.7/ íqí8�21 ï-395 0.11 å 0.04(stat) å 0.02(sys)
1 / í fakes 0.30 å 0.06(stat) å 0.08(sys)
.�/ î�î 0.05 å 0.03(stat)
WW 0.06 å 0.01(stat) å 0.01(sys)
WZ 0.01 å 0.01(stat)
Total expected background events 0.53 å 0.08(stat) å 0.08(sys)
Signal exp from MC 0.44 å 0.04(stat) å 0.07(sys)

Table 14: �ë,.
 channel signal and background predictions
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6 Jet Multiplicity Analysis

This analysis was performed blinded to possible events that passed the signal cri-
teria in the data. As an a priori criterion for ensuring that we were ready to look
at the data in the signal region, we studied agreement in related event samples that
are not in our signal region because of lower jet multiplicity (zero or only one
extra jet). In order to study this sample, it is also necessary to drop the r;© and
� mass removal cuts from the analysis because of their correlation with the jet
multiplicity. To expand the same and test different background regions, we also
considered the rate of same sign lepton events in the zero and one jet multiplicity
bins.

As part of the blinding procedure, we did not look at the data3 with jet mul-
tiplicity ¨)V for either opposite or same sign lepton pairs. The decision to look
at these samples was only made after fixing the event selection and performing
statistical checks for consistency with the background predictions.

The results of this jet multiplicity studies for the zero and one jet bins (with
no r
© requirement are shown in Tables 15–18.

To check consistency with the predictions, a joint probability of these low jet
multiplicity observations, given the predicted rates, was formed. In order to ac-
count for the uncertainties in the predicted rates, this probability was compared
against the probabilities of pseudo experiments which chose “true” predictions
from the measured predictions and their errors, and then generated Poisson fluc-
tuations about those “true” means. The main a priori test that we chose was to
look at all eight of the values for opposite and same sign, zero and one jet multi-
plicity, electron and muon data samples, and this resulted in a probability which
was higher than in

æ ¸q§ of generated pseudo experiments. The distribution of
these probabilities by percentile and the identified value in the data are shown in
Figure 10.

We also performed a number of similar tests on subsets of the low jet multi-
plicity data in order to test for consistency with a variety of pathologies. Table 19
summarizes these tests and their results. The least probable agreement is in the
zero jet, opposite sign muon case, where the probability is in the Î 8Æ` percentile.

3with one exception: there was an aborted attempt to prebless this result only in the :<;4=<>@?
channel with the A4B pb CED dataset. Before that result reached the preblessing stage, but after the
events were unblinded, the decision was reached not to take the analysis to a final result. At that
time, there were no events observed in the signal region for this subset of the :F; sample.
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sample 0 jets 1 jet * 2 jets
1lï-3 / í fakes 12.54 å 0.57 å 3.26 2.35 å 0.22 å 0.61 0.92 å 0.13 å 0.24

ï / í fakes 0.92 å 0.10 å 0.23 0.22 å 0.05 å 0.05 0.10 å 0.03 å 0.03

+ ' ,-.G/ íqí 8.15 å 1.07 å 0.86 1.79 å 0.50 å 0.19 0.89 å 0.18 å 0.09

WW 2.66 å 0.17 å 0.28 0.22 å 0.02 å 0.02 0.10 å 0.01 å 0.01

WZ 0.03 å 0.01 0.07 å 0.02 0.02 å 0.01

Signal ( 3<H3 ) 0.03 å 0.01 0.12 å 0.02 å 0.01 0.70 å 0.05 å 0.07

Total Expected 24.3 å 1.2 å 3.4 4.8 å 0.6 å 0.6 2.7 å 0.2 å 0.3

Data 17 5 blind

Table 15: Jet multiplicity table for e-tau channel, opposite sign events.

sample 0 jets 1 jet * 2 jets
1lï43 / í fakes 11.70 å 0.58 å 3.04 1.29 å 0.17 å 0.34 0.53 å 0.08 å 0.14

+ ' ,-.G/ î�î 3.40 å 0.36 0.22 å 0.09 0.08 å 0.06

+ '-,-.G/ íqí 4.49 å 0.82 å 0.44 0.95 å 0.38 å 0.10 0.95 å 0.38 å 0.10

WW 2.03 å 0.15 å 0.21 0.19 å 0.02 å 0.02 0.10 å 0.01 å 0.01

WZ 0.05 å 0.01 0.03 å 0.01 0.02 å 0.01

Signal ( 3IH3 ) 0.01 å 0.01 0.10 å 0.02 å 0.01 0.52 å 0.05 å 0.05

Total Expected 21.7 å 1.1 å 3.1 2.8 å 0.4 å 0.4 2.2 å 0.4 å 0.2

Data 11 4 blind

Table 16: Jet multiplicity table for mu-tau channel, opposite sign events.
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sample 0 jets 1 jet * 2 jets
1 ï-3 / í fakes 6.86 å 0.39 å 1.78 1.87 å 0.19 å 0.49 1.05 å 0.13 å 0.27

ï / í fakes 0.02 å 0.01 0 � 6<J 6 &% 6 0 � 6<J 6 &% 6+ ' ,-.G/ íqí 0.30 å 0.20 0.0+0.11 0.02 å 0.02

WW 0.06 å 0.02 0.005 å 0.003 0.005 å 0.003

WZ 0.05 å 0.01 0.03 å 0.01 0.01 å 0.01

Signal ( 3<H3 ) 0 � 6<J 6v69K% 6 0.003 å 0.003 0 � 6<J 6v69K% 6
Total Expected 7.3 å 0.4 å 1.8 1.9 å 0.2 å 0.6 1.1 å 0.1 å 0.3

Data 8 3 blind

Table 17: Jet multiplicity table for e-tau channel, same sign events.

sample 0 jets 1 jet * 2 jets
1 ï-3 / í fakes 5.34 å 0.36 å 1.39 0.78 å 0.15 å 0.20 0.51 å 0.14 å 0.13

+ '4,-.�/ î�î 0.08 å 0.08 0 � 6<J 66L% 6 0.10 å 0.04

+ ' ,-.�/ íqí 0.10 å 0.10 0 0.01 å 0.01

WW 0.02 å 0.01 0.004 å 0.002 0.003 å 0.002

WZ 0.05 å 0.01 0.03 å 0.01 0.01 å 0.01

Signal ( 3IH3 ) 0 0 0.002 å 0.002

Total Expected 5.6 å 0.4 å 1.4 0.8 å 0.2 å 0.2 0.6 å 0.2 å 0.1

Data 3 0 blind

Table 18: Jet multiplicity table for mu-tau channel, same sign events.
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Figure 10: The a priori test of the data probability of the observed low jet multi-
plicities compared against the predictions shown with the distribution of the same
quantity in pseudo experiments. The pseudo experiments have a lower probabilityæ ¸-§ of the time.

Subsamples included Probability Percentile
All electron bins 62
All muon bins 20
All opposite sign bins 16
All same sign bins 78
Electron and muon zero jet opposite sign 9
Only muon zero jet opposite sign 5

Table 19: Consistency tests applied to the low jet multiplicity data
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6.1 The Unblinded Data Samples

Having passed the a priori criterion for agreement, we then examine the signal
regions and same sign region. With no ry© or � mass cut, the results are shown
in Table 20. Electron same and opposite sign rates appear higher than predicted,
whereas muon rates are consistent. However, upon applying the final event selec-
tion cuts, including the ry© and � mass requirement, the results in Table 21 are
obtained where no visible disagreement is evident. We show the Run1 predicted
and measured events in Table 22. In total, we have two candidate signal events
(both �"
 events) and one same sign event which would otherwise pass signal cri-
teria ( �"
 ). These events are:

� Run = 167299, Event = 2376337, Njets = 3, rÇ© = 286 GeV, MET = 59.4
GeV (opp sign e 
 candidate). See Table 23 and Fiure 11. One jet is
b-tagged.

� Run = 151434, Event = 158200, Njets = 2, ry© = 239 GeV, MET = 71.7
GeV (opp sign e 
 candidate). See Table 24 and Figure 12. No jets are
b-tagged.

The thirteen events in the ¨ 2 jet bins of the Njet tables were checked for
b-tagged jets but none were found except in run 167299, event 2376337. This
is consistent with the hypothesis that these bins are dominated by background
processes that do not contain b quarks.
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Sample OS ï SS ï OS î SS î
Background 2.03 å 0.2 å 0.3 1.1 å 0.1 å 0.3 1.7 å 0.4 å 0.2 0.6 å 0.2 å 0.2
3 3 0.70 å 0.05 å 0.07 ø 0.003 0.52 å 0.05 å 0.05 0.002 å 0.002

Data 8 4 1 0

Table 20: The ¨hV jet multiplicity data where the !"_! signal is expected compared
to predictions. No r
© or � mass cut has yet been applied.

Sample OS ï OS î
Background 0.77 å 0.12 å 0.13 0.53 å 0.0.08 å 0.08
3 3 0.59 å 0.05 å 0.10 0.47 å 0.04 å 0.07

Data 2 0

Table 21: The signal region, including the rÇ© , � mass, opposite charge and ¨hV
jet multiplicity requirements

Background 2.50 å 0.43
3<H3 1.1 å 0.4

Data 4

Table 22: We show here the results of the Run1 tau dilepton analysis [22]. The
expected number of events shown above was calculated with the Run1 CDF mea-
sured value of the ! _! cross section of 7.7 �n& J M%�& J N pb. In the Run2 analysis we document
in this note we use the theoretical value of the cross section. The corresponding
value for Run1 conditions is 4.8 d 0.7pb [23].

Object E ã (GeV) Pseudorapidity Phi (rad/deg)
electron 39.8 -0.28 1.1(61)
tau 38.6 -0.95 3.8(215)
jet 73.3 -0.27 2.9(166)
jet 39.5 -1.48 0.2(12)
jet 35.4 -1.40 0.8(45)

Table 23: Details for run 167299, event 2376337.
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Object E ã (GeV) Pseudorapidity Phi (rad/deg)
electron 78.9 -0.99 1.7(98)
tau 20.0 -0.60 3.8(218)
jet 34.9 -0.92 1.2(71)
jet 33.6 0.30 5.0(286)

Table 24: Details for run 151434, event 158200.
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Figure 11: Calorimeter lego plot for run 167299, event 2376337 which is an e 

candidate.
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Figure 12: Calorimeter lego plot for run 151434, event 158200 which is an e 

candidate.
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7 Result

This result provides no evidence for the the �"
 or ��
 plus jets final state in ! ! -
like events. Because of its relatively poor acceptance and high background, it is
clear that the tau analysis can contribute little to a cross-section derived under the
limit of lepton universality. Where this result can contribute, however, and what
motivated this analysis in the first place, was the search for potentially anomalous
contributions that could show up in the final state as an enhanced (or suppressed)
rate for 
 leptons in top decay.

To cast this analysis in this light, we choose to measure the parameter, Zl\
where

Z"\PO QSR G�!g� fÙ
43DK
QSR0TFU G�!?� fÙ
43�K Í

One practical observable from which to derive Z^\ is the ratio of measured rates
for the �"
 + ��
 dileptons to the �^� , ��� and ��� dileptons. This observable ratio has
several advantages experimentally, including largely common systematic uncer-
tainties on acceptance. However, there is a problem with this technique in that
a significant fraction (approximately 15% [24] under the assumption that Zl8 �WV is
unity) of the acceptance in the �l�-,Ù�X� dilepton acceptance comes from tau leptons.
Therefore, in the limit of very large Z^\ , the ratio of the two rates becomes insen-
sitive to Z"\ , and, in fact, because the likelihood as a function of Zm\ approaches a
small but non-zero constant, the integral probability over a flat prior Zm\ distribution
is infinite.

Therefore, we choose instead to determine this variable by comparison to the
standard model predicted rate. The probability distribution for the observable Zl\ ,
given this measurement, is calculated by numerically integrating over hidden true
variables representing the true � 8 8 constrained by the uncertainties of the NNLO
calculation [19], the standard model branching ratios, the number of �"
�����
 dilep-
tons predicted given ��Y BR, and the backgrounds to this analysis, all of which are
constrained by experimental measurement or derivation.

The unnormalized probability distribution given this measurement as a func-
tion of Z"\ is shown in Figure 13. The most probable value in this distribution is at
Z"\PZW¸�Í[� .

This probability distribution can be used to set limits in the Bayesian approach
by assuming a flat prior in Z^\ . The resulting “one sigma” symmetric 68% confi-
dence level range is

¸�Íêày� Z"\��]\�Íêà_^a`ëà��q§cb Q�dfehgjikd b i Í
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Figure 13: The unnormalized probability distribution I*GJO
Q-RDS¶TWV4X[Z"\mK , where Z"\
is the universality parameter

The 95% lower limit on Z�\ is driven more by the requirement that Z^\ � ¸ and the
assumption of a flat prior than by the measurement as Figure 13 illustrates. We
set therefore an upper limit,

Z]\L� Î�Íê¸_^a`ml-Î-§nb Q�doehgjipd b i ,
which we consider the main result of this analysis. Clearly this measurement is
consistent with the the lepton universality prediction of Zm\ T ª .
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