Fermilab

T
M

FERMILAB-Conf-02/259-E October 2002

First Run Il Results with the CDF Detector

Franco Bedeschi®*

aINFEN - Sezione di Pisa,
via Livornese 1291,
1-56010 S. Piero a Grado, Italy

We report the first results obtained by the CDF collaboration from the analysis of the Tevatron Run II data
collected until June 2002. All components of the CDF detector are operating at or near the design specifications.
Typical physics signals are observed and used both to characterize the CDF detector performance, and to make
several physics measurements. In spite of the still limited accumulated luminosity some measurements are already

competitive with the best currently available.

1. Introduction

The CDF detector has been upgraded [1] to al-
low operation at high luminosity and bunch spac-
ing up to 132 nsec as planned for the Run 2 of the
Tevatron. Several improvements to the Run 1 de-
tector, which extend significantly its functional-
ity, have also been implemented. Indeed the up-
graded detector is almost all new and took many
years of sustained effort to be completed.

In parallel, the Fermilab accelerator complex
has also undergone a major upgrade [2]: most
important a new storage ring, the Main Injector,
has replaced the Main Ring as Tevatron injec-
tor and supplier of high energy protons for anti-
proton production. An additional new ring, the
Recycler, has also been housed in the same tun-
nel as the Main Injector. The Recycler will allow
reusing the anti-protons at the end of a store and
will provide additional cooling. The goal lumi-
nosity during the first phase of Run 2 (Run 2A)
is 5-8x103! em~2 - sec™! before the Recycler is
fully operational and 2x10%2 em ™2 - sec™! after
full integration of the Recycler. A final integrated
luminosity of ~2fb~! is planned by the end of
Run 2A.

After a brief commissioning run in the Fall of
2000, the Run 2 officially started in March 2001.
Since then much work has gone in the commis-
sioning both of the new detectors (CDF and DO)
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and of the accelerator complex. By February 2002
the CDF detector was in stable operation mode
and had a reliable physics trigger. Data taken
from that point until the start of the shutdown in
early June 2002 have been used for the analyses
that will be reported in this paper. This amounts
to about 10-20 pb~—! out of a total of 35 pb~! writ-
ten to tape and 54 pb~! delivered since the begin-
ning of Run 2 (fig. 1. At the time of the writing
of these proceedings (September 2002) the data
set usable for analysis has almost tripled and a
peak luminosity of 3x 103! has been achieved.

2. Upgraded CDF detector performance

The slow components of the CDF Run 1 de-
tector have all been upgraded to comply with
the Run 2 interbunch of 132 nsec. All front-
end and trigger electronics has been significantly
redesigned and replaced. The Central Tracking
Chamber has been replaced with a new similar
chamber, the Central Outer Tracker (COT) [3],
with smaller drift gaps. The Silicon Vertex Detec-
tor has been replaced with a new one, SVX2 [4],
with faster readout electronics and better ra-
diation resistance. The forward and plug gas
calorimeters have been replaced by new, fast,
scintillator tile based plug calorimeters.

Additional functionality has also been added
to that of the Run 1 detector. The number of
silicon detector layers has gone from four single
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Figure 3. Efficiency turn on of the level 1 tracking
trigger for some typical p; thresholds.

concentrating on understanding the energy scales
in the calorimetry and the tracking system, on
improving the calibrations, on characterizing in
detail the detector performance and tuning the
Monte Carlo to reproduce it. In the second case
the emphasis is on doing real physics measure-
ments with complete analyses including the full
estimate of the systematic errors. This process
has proved the excellent quality of our data. Even
with the rather limited statistics used so far, we
observe that some results are already competitive
with the best measurements currently available.
In the sections that follow we discuss in more
detail a selected group of early CDF results.

3.1. Measurements with high energy elec-
trons

High energy electrons are an important signa-
ture for almost any high E; physics topic. We
find a clear Z — ete™ signal of 638 candidates.
This sample is ideal to study the electromagnetic
(EM) energy scale and the quality of our model-
ing of the electromagnetic calorimeters in the sim-
ulation. In fig. 5 we show the subsample of 247
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Figure 4. Online SVT trigger track impact pa-
rameter distribution.

events where both the et and the e~ are detected
in the central calorimeter. We find that the mean
value of the Z mass is shifted by only 1.2% rela-
tive to the PDG value [8] using central electrons
and up to 10%, when also plug calorimeter elec-
trons are included. The simulation is consistent
with the PDG average and tracks the width of the
7 peak within 2% for central electrons and 4%
for forward electrons. We are still working on im-
proving the calibration of the new plug calorime-
ter. With these data we have performed a pre-
liminary measurement of the Z forward backward
asymmetry as a function of the invariant mass of
the ete™ pair. The result has still large errors,
but it is consistent with the Standard Model ex-
pectation from vy — Z interference.

We also look for W boson decays to ev. The
selection requires an isolated electron with both
FE; and missing transverse energy greater than 25
GeV. We find 5547 candidates in 10 pb~!. An
accurate study of the background contributions
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Figure 5. Z peak observed in ete™ invariant mass
distribution.

shows that this signal is quite clean with only
about 7% of background events. We remark that
the distributions of all relevant variables are mod-
eled quite well by the sum of the W signal simu-
lation plus background in the amounts predicted.
In fig. 6 we show the transverse mass distribution
as an example.

We use this sample to measure the W cross
section times the branching ratio to electron neu-
trino. The result obtained is ow * BR(W —
ev)(nb) = 2.60+0.03 (stat.) £0.13 (syst.) £0.26
(luminosity). This is consistent with the CDF
Run 1 result [9] scaled for the ratio of the
NNLO theoretical cross sections at 1800 and 1960
GeV [10]. We note that the systematic error is al-
ready comparable with our Run 1 result. The un-
certainty on the luminosity is improving fast and
has already improved from 10% to ~5% since the
time of the ICHEP conference.

3.2. Measurements with high energy muon
samples

Similar measurements are done with high-
energy muons. In fig. 7 we show the di-muon
invariant mass distribution for opposite sign cen-
tral muon pairs. The selection is very stringent,
as it requires the muons to be observed both in
the muon chambers located just behind the cen-
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Figure 6. W — ev transverse mass distribution.

tral calorimeters (CMU) and, also, further out
after an additional 60 cm of steel absorber in the
CMP chambers. We observe a clean peak of 57
candidate events in 16 pb~! of data.

We also look for W bosons decaying to a muon
and a neutrino. We perform the selection by re-
quiring isolated central muons with p; and miss-
ing transverse energy greater than 20 GeV. We
find 4561 candidate events in 16 pb~! with an es-
timated background contamination of 569 events
mostly from misidentified Z — pp and W — 7.
Even in this case we observe that the Monte Carlo
describes quite well all relevant distributions. In
fig. 8 we show the transverse mass distribution as
an example.

We use this sample to measure the W cross sec-
tion times the branching ratio to muon neutrino.
The result obtained is oy * BR(W — uv)(nb) =
2.70+0.04 (stat.) +0.19 (syst.) #0.27 (luminos-
ity). This is consistent with the CDF Run 1 re-
sult [11] scaled for the ratio of the NNLO theo-
retical cross sections at 1800 and 1960 GeV [10].

We also measure the cross section ratio R, =
(ow * BR(W — pv))/(0z * BR(Z — pu)). Sev-
eral systematic uncertainties are reduced in this
ratio relative to the absolute cross section mea-
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Figure 7. Z peak observed in u*p~ invariant
mass distribution.

surements. Our result is R, = 13.66 £1.94 (stat.)
+1.16 (syst.). This is consistent, within the large
error, with our Run 1 result [11] after scaling for
the difference in beam energy.

3.3. Measurements with low energy muons

The CDF samples of low energy muons have
played an important role for B and onia physics
during Run 1. The trigger improvements in-
stalled for Run 2, in particular the Level 1 track-
ing trigger, has improved the muon quality there-
fore allowing a reduction in the muon candidate
pt threshold from 2.0 to 1.5 GeV/c for di-muon
triggers. In the case of the J/1) trigger the mini-
mum track separation has also been reduced from
5 to 2.5 degrees.

In fig. 9 we show the currently available signal
of 107 thousand J/% in 13 pb—!. This sample is
reduced by about a factor two when both muons
are required to be reconstructed also in the ver-
tex detector. This observed rate of J/1’s and the
mass resolution (21 MeV/c? with only COT in-
formation and 15 MeV /c? when the silicon detec-
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Figure 8. W — pv transverse mass distribution.

tor information is included) are consistent with
expectations.

While most J/1’s produced at the Tevatron are
prompt, a fair fraction originates from decays of
B mesons. Our sample is large enough to allow us
to statistically separate the two components and
measure both the inclusive b-hadron lifetime and
the fraction of prompt .J/1’s. We obtain e¢r =
458 + 10 (stat.) £ 11 (syst.) pm. This result
is consistent both with the PDG value [8] and
with previous CDF measurements [12]. This is a
good indication that we have most tracking sys-
tematics well under control. While the statisti-
cal uncertainty is still high relative to our Run
1 measurement [12], the systematic error is al-
ready better. The measured prompt fraction re-
turned by the lifetime fit is 83%; this is larger
than the Run 1 value as expected from the lower-
ing of the trigger p; threshold. This large prompt
component is useful to test the quality of our un-
derstanding of the tracking errors. We find that
the standard deviation of the observed transverse
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Figure 9. J/v peak observed in u*p~ invariant
mass distribution.

life-path distribution is just 7% larger than the
calculated errors.

The J/v sample is also used to calibrate the
corrections to the tracking momentum scale for
the dE/dx loss in the material transversed and
for the value of the magnetic field. In fig. 10
we show the dependence of the average recon-
structed J/1 mass as a function of the J/¢ p;.
The lowest set of points shows what we observe
before any correction is applied: there is a clear
slope and an offset relative to the PDG value of
the J/1¢ mass [8]. Taking into account dE/dx
losses as described in our GEANT simulation re-
duces the slope and shifts the line upward, but
we need to assume an additional 20% more ma-
terial to eliminate the slope completely. This is
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Figure 10. Material and B field calibration using
J/’s.

consistent with an independent analysis of the fre-
quency and distribution of photon conversions in
the CDF detector. Finally a magnetic field cor-
rection is applied to shift the data to the upper
band in fig. 10. We have applied these correc-
tions to independent high statistics samples like
D - K7 and ¥ — pp and find that they yield
an excellent consistency with the expected mass
values. After this calibration the quality of our
momentum scale is at the level of 0.02%.
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Figure 11. Observed BT — J/iK* peak.



Table 1

Measured B meson masses compared to current PDG [8] values.

B meson type Decay mode Mass (MeV/c?) APDG/o(CDF) o(CDF)/o(PDGQG)
B JIpKT 5280.60+1.70+1.1 0.77 4.05
Bg JJp KO 5279.80+1.90+1.4 0.17 4.72
BY J/be 5360.30+3.80+3:39 -1.81 1.90

Relying on this momentum calibration we mea-
sure the masses of the B mesons using some of
their exclusive decays modes including J/t’s. In
fig. 11 we show the invariant mass distribution of
the J/¢K* candidates as an example. A clear
B signal of 153 events is observed in 18.3 pb~!
of data. Table 1 summarizes all of our recent
results. In the fourth column we show the differ-
ence with the current world average divided by
the our combined statistical and systematic er-
ror. We observe a good consistency. In the fifth
column we compare our combined error with the
current PDG uncertainty and find that that, in
spite of the very limited statistics, we are typically
just a factor 4-5 worse than the current world av-
erage.

3.4. Hadronic jets

Hadronic jets are one of the key signatures for
Hadron Collider physics. Since the start of Run
2 CDF has already collected millions of jet events
up to uncorrected energies of about 400 GeV. Be-
fore they can be used effectively in many analysis,
however, we need to establish a good understand-
ing of the hadronic energy scale as well as several
corrections to the raw jet energy, some of which
depend on having a reliable simulation of the jet
shapes.

We use muons from J/1 decays to probe the re-
sponse of the hadronic calorimeters to minimum
ionizing particles. We find that the peak of the
ionization peak is 4% lower than during the pre-
vious run in the central calorimeter, which is well
covered by the J/ trigger. This deviation is sup-
ported by an independent analysis using events
with one photon and one jet only and checking
the balance of the transverse energy.

Jet shapes are studied by comparing energy
flows in cones of various sizes to a simulation
based on Herwig followed by full detector sim-

CDF Preliminary

0.2 0.4 0.6 0.2 0.4 0.6

o F DATA HERWIG uncorrected (detector level) |- Uncorrected (detector level)
~ 1 L e —— oatowes E
9_ E o . COT TRACKS E
0.75 E
05 £ 0<EM<40GV | 40 <Ef* < 55GeV
£ 01 <In™i<0.7 = 0.1 <I7"1<0.7
0.25 E
oL L I S R L
. E E
<~ 1 F E
> = =
0.75 =
05 E 55 <EM<75GeV | 75 < E/* < 95 GeV
C 01 <In*i <07 = 0.1 <I7™1<0.7
0.25 E
ok L. [ N L.
. E E
~— 1 = =
> E E
0.75 E
05 E 95 <EM< 115Gev | 115 < E/* < 135 Gev
E o1<ipti<or  E 0.1 <I7*1<0.7
0.25 =
S R PR NN AR R IR
0 0
r

Figure 12. Fraction of the jet energy contained
in an 5 — ¢ cone as a function of its radius, r.
Results are shown for several jet energy bins.

ulation. We find jets using standard cone cluster-
ing algorithms applied both to calorimeter tow-
ers and, alternatively, to tracks. We observe a
remarkable agreement between data and simula-
tion in both cases as shown in fig. 12.

3.5. Secondary vertex triggers

The trigger on secondary vertices has opened
a whole new way of studying beauty and charm
quark physics at a Hadron Collider. Our trigger
currently selects two tracks with at least 2 GeV
at Level 1 and then requires an impact parameter
greater than 100 pm at Level 2. For the two-
body decay trigger path additional pointing and
kinematical constraints are required, while for the



multi-body decay path the impact parameter cut
is raised to 120 pm.

We observe that this trigger is very efficient to
select events with charmed mesons. Indeed the
yield of D® — K~n% is comparable to that of
J/¢’s. In fig. 13 we show the D signal in 10
pb~! containing over 50 thousand events. We use
this signal to monitor the stability of the trigger
online during data taking.

CDF Runll Preliminary L=9.6pb™
N =
o D% . Km ¢
2 5000 No: = 56320 + 490
= C
o L
© 4000
a F
c T
Q 3000(-
w L
2000F
1000P
07\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
178 18 182 184 186 18 19 192 194

K1t Mass [GeV/c 2]

Figure 13. D° — K—nt candidate invariant mass
distribution.

Large amounts of Cabibbo suppressed D°
decays into K™K~ (5670 events) and wra~
(2020 events) are also observed. An exam-
ple is shown in fig. 14. We use these sig-
nals to measure the branching ratios of these
decay modes relative to the D° — Kr
mode. We find BR(D° - K+K~)/BR(D° —
K—7%) = (11.17+0.4840.98)% and BR(D° —
7tr7)/BR(D® - K~ 71) = (3.37+£0.20+0.16)%
in good agreement with the world average [8] and
with comparable resolution.

Other D species are also observed in these dis-
placed vertex trigger samples as shown in fig. 15.
For instance the DT (1350 events) and D} (2360
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Figure 14. D° — 7=zt candidate invariant mass
distribution.

events), which we identify using their common
decay into @m. The common selection and de-
cay kinematics make this sample ideal to measure
their mass difference. We find m(D}) — m(D™)
= 99.2840.43+0.27 MeV/c?. This result is con-
sistent with the world average [8] and has approx-
imately the same resolution in spite of being still
statistically limited.

It is interesting to understand if the main
source of all this charm is direct ¢ production
or else it originates mostly from the decay of b-
hadrons. We have started to understand this by
studying the impact parameter of the D meson
relative to the primary interaction vertex. We
expect that D mesons from B decays would show
large non-gaussian tails in the D impact param-
eter distribution. We find that ~85% of non-
strange D’s and ~65% of D, come from direct
production.

We also look for fully hadronic B meson decays.
This is harder because the two body decays have
very small branching fractions and the multi-
body decays have a larger combinatoric back-
ground. We observe a clear BT — D%z signal of
56 events in 10 pb—! as shown in fig. 16. We also
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see for the first time at a Hadron Collider a signal
of B decays to two hadrons. In fig. 16 we show the
observed signal peak consisting of 33 events. The
peak is wider than our mass resolution as it is
the sum of several contributions: B — 77—,
BY - Ktn=, B - K—n*, BY - KTK~.
The plotted invariant mass has been calculated
assuming always the pion mass. We note that,
while these first observations of hadronic B me-
son decays are exciting, the number of events ob-
served is smaller than expected. We understand
this discrepancy well with a simulation which ac-
counts for a detailed description of the SVT trig-
ger and the actual silicon detector coverage. This
coverage has been steadily improving and after
the shutdown of June 2002 has been increased
to more than 90%. The SVT firmware optimiza-
tion has also progressed bringing the track find-
ing efficiency from 80 to 90%. All in all we ex-
pect a factor 3 improvement in hadronic B trig-
ger rates. Additional improvements are expected
from the track reconstruction software. We also
notice that the signal to noise ratio obtained for
the B — h*h™ signal is much better than our

most optimistic expectations. This partially com-
pensates for the reduced statistics in any asym-
metry measurement based on these data.
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distribution.

4. Conclusions

The CDF detector is clearly back into oper-
ation and taking good quality data with all of
its sub-systems fully functional. The understand-
ing of the detector is very advanced and is pro-
gressing much faster than planned. This leads to
many physics analysis, which the CDF collabo-
ration has often carried all the way to the final
result. Surprisingly enough some of these results
have proved to be already competitive in spite of
the rather limited integrated luminosity so far an-
alyzed. In any case these analyses have made us
ready to exploit more statistics when it will be-
come available. Furthermore they show that the
upgraded CDF detector is more powerful than the
previous one and has an excellent potentiality for
high quality physics as soon as the integrated lu-
minosity will grow to the expected levels.
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Figure 17. B® — h~h™ candidate invariant mass
distribution.
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