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The Tevatron had a first run at Vs = 1.8 TeV between late 1986 and May
1987. The machine worked with three on three bunches. The top luminosity at
intersection B@ was about 2 - 1029 cm2 s-1, and the integrated luminosity by the
CDF experiment at that intersection was approximately 30 nb-1,

There are four crossing points equipped with experiments at the Tevatron:
E713 searches for magnetic monopoles and highly ionizing particles(l): this
experiment is presently in progress. Experiment E735(2) employs a multiparticle
magnetic spectrometer at O ~ 90° and studies particle spectra (/ K/P at pT < 1.4
GeV/c) and charged multiplicity to catch signals of the onset of quark-gluon
plasma. The first results show the charged particle <pT> as a function of
multiplicity density in pseudorapidity, as shown in Fig. 13), A phase transition
would possibly be indicated by a flattening of <pT> (plasma temperature) above
some ngp-density value (energy density). No significant indication for such an
effect is seen in the data.

E710(4) studies elastic scattering down to the Coulomb interpherence region.
They employ a set of trigger counters and mini-drift chambers in several re-entrant
"Roman pots" left and right of the intersection. As of now, a preliminary value for
the cross-section slope is obtained(®). Fig. 2 shows a sketch of the pot assembly, and
illustrates how elastic events are sorted out by requiring collinearity between the
two final state tracks (displacements from the beams, left and right of the event
vertex, should be in the same proportion to distance). Fig. 3 shows preliminary
cross-section data at Itl > 0.02 (GeV/c)Z. One finds in the fit b = 17.2 £ 1.3
(GeV/e)™2.

CDF (Collider Detector at Fermilab)(0) is the only general-purpose
full-coverage detector at the Collider, to be complemented by a second one at
intersection D@ in 1991. This detector was designed and built by a U.S., Japanese
and Italian Collaboration(7). A sketch of the detector, whose components are
described in detail in ref.(6), is shown in Fig. 4. Around the beam-crossing point,
at angles larger than ~ 4°, events are first sampled by a set of VTPC's (Vertex
Time-Projection Chambers), where charged tracks are seen as short (2 14 cm

depending on production angle) straight prongs. Despite the 1.5 Tesla solenoid



field, the lever of arm is not sufficient to let tracks bend usefully for momentum
measurement in this detector. The VTPC information is used for finding the
z-location of the event vertex, and for measuring the charged multiplicity. The
reconstruction efficiency of isolated tracks is fair at p > 50 MeV/c, and is > 95° at
pT 2 100 MeV/c and pseudorapidity Iml <2.5. The z-coordinate of tracks is
measured in separate azimuthal octants, within which a r¢ measurement is made
with an accuracy of ~ 0.5 mm. The z-coordinates of tracks are determined with a
resolution which varies depending on polar angle 0, and at the VTPC boundary is
typically ~ 0.5 mm at O = 90° and ~ 1 mm at & = 10°. The two-track separation
also depends on 9. For two tracks in the same azimuthal ¢@-angle octant, the
minimum separation is about 5 mm at ¥ = 90° and grows with decreasing angle.
Although this detector produces useful qualitative data, it is a delicate task to work
out all correction to the measured track rates and to assess the systematic errors.
Fig. 5 shows preliminary uncorrected pseudorapidity distribution of charged tracks
in inclusive events, at Inl < 2.5, showing an approximate plateau(g). On compairing
with the ISR and with CDF data taken at the SPS Collider energy (\s = 630
GeV)(*), one sees that the particle density grows with energy. The Vs = 630 GeV
data agree approximately with UAS. The preliminary CDF result at Il = 0 is dn/dn
=2.9 + 0.4 at Vs = 630 GeV, and dn/dn = 4.0 + 0.4 at Vs = 1800 GeV. A more
solid result is the cross-section ratio 6(1800)/c(630) = 1.33 £ 0.04 (atm = 0)(8).
Radially outside behind the VTPC's, a cylindrical Central Tracking Chamber
measures charged particle momenta. The tracking code has good efficiency (=
99%) at pT = 400 MeV/c and Inl < 1.0. Some inclusive data based on the CTC
information is shown in Fig. 6(9). The invariant single particle cross-section at 1 =
0 is seen to develop a larger pp-tail when increasing energy between Vs = 630 GeV
and Vs = 1800 GeV. A fit as E d30/d3p = A pR/(pT + po)™ gives A = 0.45 + 0.01
barn - GeV2, p, = 1.29 +0.02 GeV and n = 8.26 + 0.08 at Vs = 1800 GeV. By

integrating this cross-section between pT =0 and pT =, one gets <p7>. This

(*) Inclusive inelastic data were taken by CDF using a left-right beam-beam
trigger, whose acceptance was computed to be 43 & 6 mb at 1800 GeV, and 34 + 3
mb at 630 GeV.



measurement would be subject to a considerable systematic error if based on the
CTC information alone, since one estimates that more than 50% of the charged flux
gets lost below the pT = 400 MeV/c cut. However, the total flux is measured down
to pT ~ 50 MeV/c in the inner VTPC's, with a loss of only a few percents. Thus,
the VTPC information allows to reduce the systematic error in the extrapolation at
pT = 0. The resulting <pT>(9) is shown in Fig. 7 together with lower energy data.
One sees an increase of <p> with energy faster than InS.

The excellent tracking and momentum resolution of the CTC allows an easy
detection of KSO'S(B)’(IO). Fig. 8 shows an invariant mass distribution of all pairs of
opposite charge, after simple cuts on pT (pT > 250 MeV/c), on the distance of
minimum approach D of each track to the event vertex (D1 2 > 2 mm), and on the
goodness of the two-track vertex in transverse r-@ space (x2 < 5). One sees a clear
K signal. This analysis allows to derive the K, production cross-section in
inclusive events, as shown in Fig. 9(10)., If one fits the invariant cross-section as E
d30/d3p = A Po™/(pT + po)™ with p, fixed at py = 1.3 GeV/c as in inclusive
charged production, one finds A = 41.9 + 7.7 mb GeV-2, and n = 7.65 + 0.22.
From this data one can estimate that the K/charged ratio reaches ~ 30% at p =3
GeV/e.

Sorrounding the CTC and the magnet solenoid, CDF features a refined
electromagnetic and hadron calorimeter (Fig. 4, ref. 6). Plastic scintillator is used
as sensitive medium in the central and endwall calorimeters (6 = 30°), while
proportional gas chambers with inductive pad read-out are used in the plug (10° < 6
< 30°) and in the forward (2° < 6 < 10°) calorimeters. Scintillator plates and
chamber pads are shaped and assembled into projective towers all-over.

The 1987 CDF run concentrated on hard physics. The previously described
InS data amounted to a minor amount of the collected data. The trigger was in
general an OR of a large total-ET trigger (X ET > 20, 30, 40 and 45 GeV
depending on Collider luminosity) aiming at jet physics,of a large electromagnetic

ET trigger (Z ET> 7,15 GeV) and a large (ET> 5 GeV) electromagnetic cluster

trigger aiming at W/Z and new heavy particle physics. Muon drift chambers on the

rear side of the central calorimeters were also operational. These provided a muon



trigger, by requiring fast outs to be in coincidence with stiff tracks in
corresponding sectors of the CTC. The muon trigger has worked well and provided
useful data to run-in the system, but in 1987 this was too incomplete to produce real
physics.

From the large ET triggers, jets as well as electrons were easily seen after
simple cuts. Fig. 10 shows an example of jets in the "lego" n-¢ plot. Events show
up like this by displaying just the e.m. and hadron tower pulser heights, with no
corrections. Although jets are easy to detect, a much more delicate task is to derive
their correct energy and to correct the observed rate to derive the parton-level

rate. The cluster algorithm integrates the cluster in the T-Q space over R = ¥AN2 4 A@2
<0.6(11) 1o get the total jet signal. Since the calorimeter response to single charged

tracks is found to be weaker when the track energy decreases below 10 GeV (most
of the test beam calibration data was taken on a 50 GeV pion beam, where the
nominal calibration factor converting pulse-height into energy was defined), the
measured signal must be corrected for this important non- linearity. The single
particle response, averaged over the impact point on calorimeter towers, was
obtained in test beam data at p.p, > 10 GeV, and with isolated tracks in minimum
bias events at p., < 10 GeV. This response is shown in Fig. 11(12), The Isajet
Montecarlo + CDF simulators were tuned to reproduce the observed prong
multiplicity and momentum distribution of jets in CDF(13), and then used to
predict the calorimeter response to jets after allowing for non-linear response to
single prongs. Some minor correction is brought in by the underlying event(14)
(order GeV, negative) and by the energy lost outside the clustering cone(15) (order
GeV, positive). The overall correction factor(16) can be approximately written as
Ejer = 1.12 Emeasured” L 132 GeV, and amounts to a positive correction of 35%
for 20 GeV clusters (+ 13% error) and of 14% for 250 GeV clusters (+ 5% error).

The observed E distribution of jet rate is the result of the true distribution at
production folded into the CDF jet energy resolution. Using the Montecarlo +
simulator, this resolution is known and the original distribution can be
unfolded(17), Small acceptance corrections are also applied(lg), and the jet rate is

normalised to the luminosity (+ 15% uncertain at this stage(19)) to get the cross-



section. While acceptance corrections are small, the correction for smearing effects
amounts to + 68% at ET = 30 GeV, and to + 12% at ET = 250 GeV.

The inclusive cross-section at y ~ 0 is shown in Fig. 12(20), In addition to the
ET- dependent statistical and systematic errors shown in the plot, there is an
additional £ 34% normalization uncertainty. The leading order QCD predictions
also have an appreciable theoretical uncertainty, as indicated as a continuos band. In
Fig. 13 the same data are shown in parton-model invariant form. The apparent
scaling violation between CERN and Fermilab is unfortunately not significant in
view of the normalization errors present both in the CDF data and in the CERN
data. However, significant scaling violation, as expected in QCD, is seen between
ISR and Fermilab. CDF checked wether the large p | -tail of the jet cross-section is
consistent with a component flatter than QCD, which would be indicative of parton
sub-structures. Following Eichten et al.(21) and similarly to what UA1 has
done(22), we parametrised the additional contact-term as a four-fermion colour -
singlet isoscalar interaction of unit strength with an associated energy scale A. A
comparison to the data at ET > 150 GeV with an extrapolated QCD fit at 50 < ET <
150 GeV, showed that the data is consistent with no contact-interaction, and that A
> 700 GeV at 90% c.l.. The cross-section assuming A = 400 GeV (the UA1 limit) is
shown in Fig. 14. The fact that we see no jet at ET > 250 GeV plays a key role in
determing the present lower limit for A.

The two jet production angular distribution in their c.m.s., as well as the same
distribution for the leading jet in three jet events, were studied and compaired with
QCD. Although many amplitudes contribute even at the first ag-order in QCD,
their angular behaviour is roughly the same and is like in Rutherford scattering.
This behaviour is shown as a continous curve in Fig. 15. The two jet data are split
into samples of different minimum ij, since larger ij events can be measured
down to smaller scattering angle with smaller corrections(23), Both for two and
three jet events the distributions are fully consistent with QCD.

Four jet events are being studied(24) in a search for double parton interactions
in one and the same collision, which would possibly be mixed four-jets events

generated by single interactions with bremsstrahlung of two hard gluons. Double



parton interactions would be indicated by the transverse momentum being balanced
two-by-two by jet pairs in the event. A variable is built indicating how well
ET-balancing can be obtained in an event, with an optimal choice of two-by-two
jet-pairing (in absissa in Fig. 16). The expected event distribution as a function of
this variable in double collisions can be reasonably predicted by randomly merging
two independent two-into-two parton-parton interactions in Isajet (dotted curve in
Fig. 16). The QCD double gluon-radiation distribution in a preliminary calculation
is found to be much broader (broken curve in Fig. 16). The data falls somewhere in
between. Since the available QCD calculation is not really reliable, no fit in terms
of two components was attempted. The only thing that one can say for the time
being is that the double parton interaction is not dominating the four jet sample.

A study of jet fragmentation is possible in CDF(25), where the total energy is
derived from the calorimeter information, and the charged prong momenta from
the reconstructed tracks in the CTC. This measurement is being performed aiming
eventually at distinguishing jet flavour - besides checking scaling violations, as
expected in QCD. The reconstruction efficiency is studied versus jet internal
rapidity both by injecting additional tracks into the jet core and by reconstructing
simulated jets. A large and rather flat efficiency is found, ranging from ~ 95% at
the internal jet-prong rapidity yjet =2 to ~ 85% at yjet = 5. As a preliminary result
one derives the charged multiplicity in the jet-core (yjet > 2). A plot of this
multiplicity as a function of di-jet mass allows a comparison with e*e- data, as
shown in Fig. 17. The core multiplicity is found to grow consistently and more than
linearly with energy from lower energy e*e” data to CDF.

Missing ET events are being studied in CDF, in particular as a tool for
discovering SUSY particles(26). In a minimal SUSY model in which there is one
degenerate squark and similarly one gluino, and the photino is the lightest (and
stable) SUSY particle, the final state signatures would be jets and missing ET, no
matter wether the gluino is heavier of the squark or viceversa. There is an
appreciable efficiency for CDF to detect one, two or even more such jets. In a first
approach, we have looked for events with one jet and missing ET ("monojets").

After requesting central jets (Il < 1), events are rejected when there is an



indication of a second jet approximately opposite in azimuth. Indeed, a dangerous
source of "monojets" are jet pairs in which one if the two jets is poorly measured
by the detector. After applying suitable cuts to the jet parameters to define jets of
good quality, only 9 events are left in the 1987 sample, whose maximum missing
ET is 38 GeV. The expected distributions for a couple of choices of gluino and
squark masses - around 80 GeV and 100 GeV - are shown as an illustration in Fig.
18. If m(gluino) = 90 GeV and m(squark) = 80 GeV, for example, one would
expect ~ 14 events at ET > 38 GeV, where none is sees. Possible systematic errors
in jet detection efficiency and errors in energy calibration should be taken into
account when one wants to derive lower limits to mass of SUSY particles. From
this preliminary analysis, the results shown in Fig. 19 are derived. The 90%
confidence lower limits on the masses depend on wether the gluino is heavier than
the squark or viceversa, being the available final states different in the two cases.
The limits which were before of approximately 40 GeV at UA1(27) are now
approximately 75 GeV.

Conclusions.

CDF has begun producing interesting data in InS, electroweak and jet physics, and
in searching for new heavy particles. This was possible with an integrate luminosity
of ~ 30 nb~! collected in 1987, and with a partially incomplete detector. Great
hopes are attached to the next 1988-1989 run, when a much higher statistics is

expected (L > 1 pb“l) with a fully operational detector.
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Average transverse momentum of negative prongs versus multiplicity
density in pseudorapidity (E-735 (3)y.

E710 layout (top), and left-right correlation of track displacement,
showing evidence for elastic events.

E710 t-distribution of elastic events in proton-antiproton scattering at Vs =
1800 GeV(®),

A cut-away view through one half of CDF.

Preliminary uncorrected pseudorapidity distributions measured at CDF®),
Single charged particle inclusive cross-section for rapidity lyl < 1.0 and
fitted curves with p, fixed at 1.3 GeV/c(®).

Energy dependence of <p>, from the ISR to CDF.

Invariant mass-distribution of opposite charge particle pairs measured in
the CDF CTC showing the K, peak(8)(10),

Invariant cross-section for K,-production (CDF 1987 data)(10),

Typical CDF jet event, as seen in the "Lego plot".

Energy dependence of response of CDF central calorimeter to charged
isolated hadrons.

The CDF inclusive central jet cross-section at Vs = 1800 GeV as a function
of transverse energy compaired to a range of QCD predictions.

Scaled jet cross-section(20) as a function of x; = 2 Ey/s for the UA1, UA2
and CDF experiments. Also shown are QCD predictions.

CDF jet cross-section at 1 = 0, as a function of E7. The large E tail is
compaired to the prediction if a contact term(21) with A = 400 GeV (UAL
lower limit) is added to the QCD contribution.

Angular dependence of two jets cross-section in the jet cms (CDF data
from 1987 run, ref.(22)),

Distribution of four-jet events versus the "paired missing ET significance"
(CDF preliminary data from 1987 mn(23)). The data is compaired to
expectation from overlap of two-jet events and from an approximate QCD
Montecarlo of double gluon bremsstrahlung.

Prong multiplicity in jet core (nj > 2) as measured in CDF (preliminary
result from 1987 run(24), compaired to ete- data at lower dijet masses).
Expected ET distribution of monojet events for squarks and gluinos of
masses around 100 GeV, compaired to 1987 CDF data(25).

Preliminary SUSY limits as derived from the CDF 1987 data.
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Fig. 4 A cut-away view through one half of CDF.
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Angular dependence of two jets cross-section in the jet
cms (CDF data from 1987 run, ref.(22)),
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Fig. 19 Preliminary SUSY limits as derived from the CDF 1987
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