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HIGHLIGHTS FROM D0 1 

RONALD J. MADARAS 
Lawrence Berkeley Laboratory, University of California 

Berkeley, CA 947£0, USA 

for the DO Collaboration 

ABSTRACT 

LBL-33320 

(D0 Note 1576) 

The D0 Experiment is a new, large multipurpose experiment at the Teva
tron Proton-Antiproton Collider at the Fermi National Accelerator Laboratory. 
From the analysis of data taken during August-october, 1992, a selection of pre
liminary physics results will be given on inclusive jet production, direct photon prcr · 
duction, the production and decay properties of the W and Z bosons, the search for 
the top quark in the dilepton and lepton + jets channels, B physics and searches 
for new particles. · 

1. The D0 Detector 

The primary goal of the D0 Experiment1•2 is the precision study of high 
mass, large transverse momentum phenomena with particular emphasis on mea
surements of leptons (electrons and muons), photons, jets (clusters of produced 
particles), and missing transverse momentum indicative of penetrating particles 
(such as neutrinos). To accomplish this goal, the detector design stresses uniform, 
hermetic, fine-grained calorimetry, large solid angle coverage and excellent muon 
detection. The Detector is shown in Fig. 1. It includes three major components: 
the outer Muon System, the inner Central Tracking System, and the liquid argon 
Calorimeter System. 

1.1. Muon System 

The Muon System3 consists of five iron toroids, 1.1-1.5 meters thick, and 
three layers of proportional drift tube (PDT) chambers. The central toroid sur
rounds the calorimeter and covers angles down to 45°. The end toroids and the 
small angle muon system cover the forward region down to 5°. Thus there is full 
muon coverage for I fJ I $ 3.2. The· momentum of a muon is determined by using the 
PDT chambers to measure the deflection of the muon trajectory in the 1.9 T steel 
toroids. The momentum resolution, typically 20%, is dominated by multiple scat
tering for momenta < 80 Ge V f c. The combined calorimeter plus toroid thickness 

1 Presented at the 7th Meeting of the American Physical Society Division of Particles and Fields (DPF92), Novem
ber lD-14, 1992, Fermi National Accelerator Laboratory, Batavia, Dlinois. 
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Figure 1: The 00 Detector 

varies from 14 ..\ in the central region to 19 ..\ in the end regions. This thickness 
reduces backgrounds from hadronic punchthroughs to a negligible level. 4 

1.2. Central Tracking System 

The Central Tracking System, 5 shown in Fig. 2, consists of four main com
ponents: Vertex Chamber, Transition Radiation Detector, Central Drift Chamber 
and two sets of Forward Drift Chambers. 

The Vertex Chamber6 has three cylindrical layers of jet-type cells, and every 
cell in a layer has eight 'sense wires. It provides precision charged particle track
ing with good azimuthal spatial resolution (60 pm) and good two-track resolution 
(0.6 mm). Charge division is used to measure the axial coordinate with a resolution 
of about 1 em. The chamber is also used to find secondary vertices, and reject 
photon conversions which can give a fake electron signal. 

The Transition Radiation Detector7 provides additional rejection of pions 
in the identification of central electrons. It has three cylindricaYlayers, each layer 
consisting of a set of polypropylene foils surrounded by a radial drift X-ray detector. 
A pion rejection factor of 50 was achieved in a test beam for an electron efficiency 
of90%. 

The Central Drift ChamberS has four cylindrical layers of jet-type cells, and 
every cell in a layer has seven sense wires. Its azimuthal spatial resolution is 150 pm. 
The axial position of tracks is measured with delay lines, with a resolution of 4 mm. 
Measurements of dE/dx are used to help identify conversions. 

The Forward Drift Chambers9 cover angles down to 5°, and include two 
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Figure 2: The 00 Central Tracking System. 
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types of units. The ~ units have radial sense wires, with 16 measurements along 
each track. The e units have sense wires oriented transversely to the beam, with · 
8 measurements along each track in each of the two units. The spatial resolution 
in each unit is 200 J.'m. 

1.9. Calorimeter System 
The D0 calorimeters are sampling calorimeters using uranium as the absorb

ing material and liquid argon as the sampling medium. The use of uranium not only 
leads to a compact calorimeter design, but it helps in equalizing the calorimeter re
sponse to electrons and hadrons. This is important for minimizing the fluctuations 
in the observed energies of jets, whose particle content may varY· Liquid argon is 
used as the active ionization medium because of its ease of calibration, its stability 
and uniformity of response, and its radiation hardness. 

The D0 Calorimeter System, 10·H shown in Fig. 3, consists of a cylindrical 
Central Calorimeter and two End Calorimeters covering angles down to within 1 o 

of the beamline. Each of the three calorimeters contains an electromagnetic section 
with thin uranium plates, a fine hadronic section with thick uranium plates, and 
a coarse hadronic section with very thick copper or steel plates. Printed circuit 
boards with segmented detection pads are interleaved between the absorber plates 
to detect the ionization in the liquid argon. All of the D0 calorimeter modules use 
a uniform technology to facilitate the relative calibration between modules. The 
calorimeters are designed with minimal cracks and other uninstrumented regions in 
order to provide essentially hermetic coverage. 
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Figure 3: The D0 Calorimeter System. 

Electromagnetic 

The calorimeters are finely segmented both longitudinally and transversely. 
Longitudinally, each electromagnetic section is divided into 4 readout depths (for a 
total of 21 Xo), and the hadronic sections are divided into 4-5 depths (for a total 
of 7-9 ~). The transverse segmentation is 0.1 x 0.1 for ll.TJ x ll.cp, except in the third 
electromagnetic longitudinal section (where shower maximum occurs), where the 
segmentation is increased to 0.05 x 0.05 for better shower position resolution. The 
readout cells are arranged in semi-projective towers. 

Typical electromagnetic and hadronic calorimeter modules have been ex
tensively tested with electrons and pions from 2 to 150 Ge V in a test beam at 
FNAL.10•12•13 The fractional energy resolution of electrons in the calorimeters is 
15%/v'E, and of pions is 50%/v'E. The spatial position resolution for electrons is 
1-:-2 mm, for energies above 50 GeV. Using the transverse and longitudinal shower 
shape information from the electromagnetic and hadronic modUles, a pion rejection 
factor of greater than 1000 has been measured for a 95% electron efficiency. The 
ej1r response of the calorimeter system is energy dependent but varies within the 
range 1.04-1.12 for energies between 10 and 100 GeV. 

The missing transverse energy ¥T resolution of the D0 Calorimeter System, 
important for new particle searches and the precision measurement of the mass of 
the W boson, is excellent because of the calorin:ieter's hermeticity and uniformity. 
Figure 4a shows the distribution of the signed z component of the ¥T for minimum 
bias collider data, for a total scalar transverse energy interval of 60-70 Ge V. The 
distribution is well fit with a Gaussian, with a resolution of 2.3 Ge V. The standard 
deviation of the z component of the ¥T is plotted as a function of total scalar ET 
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Figure 4: a) Signed z component of ItT for minimum bias collider data, for 60 < scalar transverse 
energy < 70 Ge V. b) The standard deviation of the z component of the $T as a function of scalar 
transverse energy. The line is a linear :fit to the data. 

in Fig. 4b. One sees that the ItT resolution is 2-4 Ge V for scalar ET in the range 
5Q-150 GeV. 

1.4. Trigger 

The D0 Trigger System14 is outlined in Fig. 5. The initial (Level 0) trigger 
uses scintillation counters on both sides of the interaction point to determine if 
a beam-beam interaction occurred during a particular beam crossing. This rate 
depends on the luminosity, but is typically 100 kHz. The next (Level 1) trigger15 

is a hardware trigger using information from the, Muon System and Calorimeter. 
Part of the calorimeter signal is split off, and electromagnetic and hadronic energy 
is summed separately for 6.'7 x t:..<P = 0.2 x 0.2 trigger towers. The Level 1 trigger can 
then make cuts on various combinations of counts of EM and jet towers above ET 
thresholds, missing and total scalar ET above thresholds, and the number of muons. 
The Level 1.5 trigger uses more detailed information from the muon chambers to 
make aPT cut for muon triggers. The Level1/1.5 rate at the present time is 70Hz, 
which will be increased to 200 Hz in the near future. 

The Level 2 trigger16 is a software filter running on a farm of VAX 4000/60 
microprocessors. There the full event readout is used, and fully developed algo
rithms identify and measure electrons, photons, jets and muons, and calculate more 
accurately the event missing ET and total scalar ET. The filter then makes cuts on 
various combinations of these objects, with various thresholds. The events passing 
Level 2 are written to tape. The Level 2 event rate is currently 2 Hz, which will be 
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DO Trigger 
-100kHz -70Hz (~200Hz) -2Hz 

I Level 0 I •I Level1 ~ 1 "'I Level 2 !-'rape 
]Level 1.8 (-+4Hz) 

J.L: Pt cut SOFTWARE 

2 scintillator 
planes at Z:: 
±So• trigger on 
beam-beam 
Interactions. 

Measure: 
Vertex to 3 em 
Multiple vertices 
Luminosity 

Calorimeter: 
Fast pick off 
Sum EM, HAD 
0.2x0.2 towers 

Muon: 
# good 3 layer J.L 

Cuts on: 
ScalarEt 
Missing Et 
EM towers (#,Et) 
EM+HAD (#,Et) 
#muons 

Farm of 32 (~50) VAX 4000 
Use full event readout 
Software filters: 

e/'y-shape cuts, tracking, 
isolation, Et 

jets-size, EM fraction, Et 
J,L-eliminate CR, beam junk 

Cuts on: 
Electrons 
Photons 
Muons 
Jets 
Missing Et, Scalar Et 

Figure 5: The D0 Trigger System. 

increased to 4 Hz in the near future. 

1.5 Operation at the Tevatron Collider 
The D0 Detector saw its first pp collisions at the Fermilab Collider in May, 

1992, when commissioning of the detector began with detailed studies of the trigger, 
backgrounds, and various detector elements. In August, 1992, we started our first 
physics data taking run with this detector. By the end of October, 1992, we had 
accumulated data on tape representing an integrated luminosity of 1.1 pb- 1• All of 
the results presented in the next section are based on data from that sample, and 
are preliminary. 

2. Physics Analysis Highlights 

2.1 Electroweak 

Both W - p.v and Z - I'll have been detected in D0. Initial results17 for 
W- p.v are given here for a luminosity or' 410 nb-1• The muons in this sample have 
1 7] I< 1.0, have a match to a central detector track, and have PT >20 GeV /c. The 
missing PT is > 20 GeV /c for the events. QCD background has been eliminated 
by requiring that the muon track be isolated in the calorimeter, and cosmic ray 
background has been reduced using drift timing from the muon chambers. Figure 6a 
shows the PT spectrum for the muons, and Fig. 6b shows the W transverse mass for 
this sample of muons. In both cases, the Monte Carlo prediction (normalized to the 
luminosity) agrees with the data. The observed number of events is 25, including 6 

6 

(J 



D0 Preliminary 
>10 r-----------------------------~ 
Cl) 

(.!) 8 
I{) 

'-.6 
(/) 

1: 4 
Cl) 

~ 2 

~ 8 
(,!) 

0 6 

'-4 
(/) .... 
c: 
Cl) 2 
> w 

Figure 6: a) PT spectrum for the muons in W boson events. b) W transverse mass for W -+ J"' 
events. In both figures the points are data and the histogram is Monte Carlo. 

background events, for a total of 19 W events.· The expected number of W events, 
based on the luminosity, is 22 ± 5 events. 

A clean Z -+ ee peak is seen in the data. 18 Figure 7 shows the invariant mass 
distribution for di-electrons, in the 1.1 pb- 1 data sample, with both electrons having 
ET > 20 Ge V. The electrons were identified as electromagnetic clusters having < 
10% of their energy in the hadronic calorimeter sections, having a transverse and 
longitudinal cluster shape x2 which agrees with test beam expectations, 19 and being . 
isolated from the rest of the event. In addition, for one of the electrons a track was 
required to be found in the tracking chambers and to point to the calorimeter cluster. 
This tracking requirement was relaxed for the second electron. A· Breit-Wigner fit 
to the 72 events, shown in Fig. 7, gives a peak at about 86 GeV. This is using the 
energy scale calibration directly from the test beam, without any corrections for 
the collider data, and is currently estimated to be correct to about 5%. Studies are 
underway to obtain a more precise energy scale. 

A search18 for W-+ ev was made in the same 1.1 pb-1 sample that was used 
for the Z bosons. In addition to the cuts on the electron described in the preceeding 
paragraph (including the tracking requirement), it was required that the event have 
$T > 20 Ge V. The resulting electron ET spectrum. is shown in Fig. 8. It falls 
off sharply at about 40 Ge V, as expected for W events. The W transverse mass 
distribution for the 882 events is shown in Fig. 9, along with a fit to a curve whose 
shape is determined by Monte Carlo. It is seen that the expected shape, including 
the sharp Jacobian edge, agrees well with the distribution of the data points. One 
cannot extract a value for the W mass until the energy scale questions discussed 
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Figure 7: Di-electron invariant mass distribution, with a Breit-Wigner fit. 

above axe resolved. The~ cross section for W production times the branching ratio 
for W - ev is calculated from the above sample of events to be 2.3 ± 0.5 nb, in good 
agreement with published values. 

2.2 Top 

At the Tevatron Collider, top quark production and decay is expected to 
proceed via: · 

PP- tl- w+ w- bb 

with the W bosons decaying into either lepton + neutrino, or jets. Thus in the final 
state one expects: 

dileptons +jets+ Jh-, or 

lepton+ jets+ Jh-, or 

all jets. 

The search for top exploits the D0 detector's large angular acceptance for electrons, 
jets and muons, and its excellent missing ET resolution. 

A search for top was made in the di-electron channel. 20 Each electron was 
required· to have a transverse and longitudinal shower shape x2 which agrees with 
test beam expectations, 19 to be isolated from the rest of the event, and to have 
ET > 15 GeV. Only one of the electrons was required to have a matching track. 
The dependence on azimuthal angle between electrons and the IT for the resulting 
sample of 139 events is shown in Fig. 10. One sees a concentration of events from 
Z- ee in·the upper left corner, and no events for ~¢(ee) < 160° and IT> 20 GeV. 
One would eJq>ect roughly 0.9 events in that region if the top quark mass were 
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Figure 8: ET spectrum for electrons in W boson events. 
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Figure 9: W transverse mass for W-+ e11 events. The fit is discussed in the text. 
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A search was also made in the electron-muon channel. 20 Again the electron 
was required to have a shower shape x2 which agrees with test beam expectations, 19 

and to be isolated. But now ET > 8 Ge V, and the electron was not required to 
have a matching track. For the muons we required that PT > 8 Ge V, that the muon 
pointed back to the vertex, that there was a match between the muon track and 
the central tracking chambers, that there was no back-to-hack track in the central 
tracker (to reject cosmic rays), and that the energy deposit in the calorimeter was 
appropriate for a muon. This resulted in a sample of six events. Figure 11 is a 
scatter plot for those events of the muon PT and the electron ET. It is seen that 
there are no events for PT(JJ) > 20 GeV and ET(e) > 20 GeV. One would expect 
roughly 0.6 events in that region if the top quark mass were 80 GeV. 

Finally, a search was made in the electron+jets channel.21 The electron 
was required to pass the above shower shape and track matching cuts, and have 
ET > 20 GeV. The number of jets with ET > 25 GeV was required to be 3, and 
the ItT > 20 GeV. No events were left after these cuts. One would expect 2.6 ± 1.2 
events after these cuts if the top quark mass were 80 Ge V. 

2.9 QCD 

D0, with its hermetic and finely segmented calorimeters, is ideal for a study 
of jet distributions. A particularly advantageous feature of D0 is its ability to 
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Figure 11: Muon PT vs. electron ET. 

trigger on jets all the way down to 1 '7 I= 3.2. The preliminary inclusive jet cross 
section22 is shown in Fig. 12 for a data sample corresponding to 130 nb- 1 of lumi
nosity. The jets were reconstructed using a cone algorithm, with the cone radius = 
0. 7 (in '7- ¢ space). The band in Fig. 12 is the upper and lower limit for the cross 
section including the current energy scale uncertainty. We have also measured the 
2-jet double differential cross-sections23 out to rapidities of 3.2 where the structure 
functions have considerable impact upon the results. 

The full coverage of the D0 calorimeters to I '7 I= 4.0 and their fine segmen
tation and good energy resolution allow· us to make a good measurement of direct 
photon production. Direct photons in the central region (I '7 I< 0.9) and in the PT 
range of 14-90 GeV /c were searched for in the same 130 nb- 1 sample of data used 
for the jet studies. The photons were required to have a transverse and longitudinal 
shape x2 which agrees with test beam expectations, 19 to be isolated in a cone of 
R = 0.4 from the rest of the event, and to not have a track nearby. Backgrounds due 
to 1r0 which pass the cuts were estimated through study of the ratio of !-photon 
and 2-photon conversions in the tracking material, and by Monte Carlo simulations. 
Both methods are in agreement, finding that the fraction of photons in the candi
date sample is 0.42 ± 0.14. The resulting direct photon cross section24 is shown in 
Fig. 13. The errors include an estimate of the systematic errors. It is seen that the 
data agree well ~th a next to leading order calculation. 25 

The measurement of W+Jet production is a good tool for testing QCD, as the 
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Figure 14: Jet multiplicity distribution for W events, for various values of the minimum ET of the 
jets. The lines are logrithmic fits to the data. 

next to leading order theoretical prediction for W+OJet and W+JJet is now available. 
In addition, one can use W+Jet production to measure the strong coupling constant, 
o,. The jet multiplicity distribution was studied26 for the 882 W- ev event sample 
described above in the electroweak section. Figure 14 shows the number of events 
as a function of the number of jets associated with the W boson, for various values 
of the minimum ET of the jets. It is seen that the distributions become steeper as 
the minimum jet ET increases. This behavior will enable us to both test QCD and 
eventually measure o3 • 

2.4 B Physics 

The D0 detector has excellent muon coverage for the full_solid angle (I '71< 
3.2), and with the toroids we can measure the charge.and momentum of the muons. 
Because of the muon system's compactness and large number of interaction lengths 
of material, the backgrounds from decay in flight and punchthrough are small. In 
addition, muons can be identified within jets. Inclusive single muon production has 
been measured, 27· and the PT spectrum is shown in Fig. 15. These muons had hits in 
all three muon chamber layers, a track pointing back to the vertex, an appropriate 
energy deposit in the calorimeter, a central tracking chamber track match, and were 
not back-to-hack with other tracks. Jets were found using a cone algorithm with a 
cone radius of 0. 7 (in '7- ¢> space), and at least one jet was required to be near the 
muon track. Also shown in Fig. 15 is the Monte Carlo expectation from b and c 
quarks, normalized to the total number of events. It is seen that the shapes agree 
well. 

We have also observed dimuon production with jets, 28 and our measurement 
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20 

of the ratio of same sign events to opposite sign events is consistent with previous 
measurements of B0B 0 mixing. 

Electrons can also be used to study b quark systems. In Fig. 16 we see a 
plot of the invariant mass of di-electrons, showing a clear 'l' -+ ee signal. 

2.5 New Particle Searches 

In the minimal supersymmetric extension of the Standard Model, gluinos 
and squarks either "decay directly" into the lightest neutralino (with large h and 
high ET jets) or "cascade decay" through several supersymmetric particles and 
finally into the lightest neutralino (with less lh, softer jets, and possible leptons). 
Thus the D0 detector's excellent h resolution and acceptance for multijets and 
leptons will play an important role here. A search for squarks and gluinos was 
done,29 involving purely hadronic decays, with a data sample corresponding to 140 
nb- 1• We required three jets in the event (with each jet having ET > 20 GeV), ltT 
> 30 GeV, and angular cuts on the jets and JtT to remove QCD.backgrounds. No 

· events were left after these cuts. These results clearly rule out squark and gluino 
masses both equal to 100 GeV /c2 , for which we would expect 6.9 ± 2.2 events after 
the above cuts. 

Leptoquarks carry both color quantum numbers and lepton quantum num- ~ 

hers, and can decay, for example, into a lepton and a quark. In composite models, 
leptoquarks are the natural result of different combinations of the constituents of 
quarks and leptons. A search was done30 for scalar leptoquarks, looking for events 
with 2 electrons and 2 jets, with a data sample corresponding to 0.8 pb-1• Both 
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. electrons and jets were required to have ET > 20 GeV. The electrons were required 
to be clean, isolated electrons. After removing one event that was consistent with 
Z(-+ ee) + 2jets, no events were left after these cuts. Assuming a 100% branching 
ratio into the electron + quark decay mode, we have used this result to set a lower 
leptoquark limit of 74 GeV, at 95% CL. 

3. Conclusion 

The D0 Detector has been installed at the Fermilab Tevatron Collider, and 
is currently taking physics data. Preliminary physics results, based on the first 
three months of data taking after commissioning, have been presented in the areas 
of electroweak, QCD, B physics, top and new particle searches. -We have rapidly 
begun to use D0 to do exciting physics. 
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