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Fig. 1 Inclusive differential jet emu-section: F’reliminary results from the CDF experiment are 

compared with the next-to-leading order QCD prediction. Jets have been reconsuacted 

within a cone. of radius AR = 0.7. 

I I -J 

UA2 J 
~ 

i 

mjj (GeV) 

Fig. 2 Two-jet mass distribution in the neighborhood of the lntennediate Vector Bosom 

measured by the UA2 collaboration5. The broken line shows the background 

ParameIerization. The full line shows the best tit for signal plus background. 
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2. Jet Physics 

Amongst the many new measurements of jet production at proton-antiproton colliders 

perhaps the most impressive are (i) the first comparison of inclusive jet production with 

complete next-to-leading order QCD predictions, (ii) the confvmation of the earlier UA2 

observation of Intermediate Vector Boson decays into two jets, and (iii) measurements of 

two, three, and four jet production. 

2.1 Inclusive Jet Production and Next-to-Leading Order QCD 

In recent years the inclusive jet differential cross section has been measured both at 
CERN and Fermilab over intervals of jet transverse momenta (pr) in which the cross 

sections decrease by many orders of magnitude. Leading order QCD predictions for parton- 

parton scattering give a good description of these measurements, but unfortunately the 

theoretical uncertainties on the predictions arising from the uncertainties on structure 

functions and Q* scale are large, typically f 50%. Recently Ellis, Kunst, and Soper’, and 

also Aversa et al.* have used the higher order corrections to the two-to-two scattering 

matrix elements3 to calculate the next-to-leading order predictions for inclusive jet 

production. The resulting predictions are compared with preliminary measurements from 

the CDF experiment in figure 1. The agreement is impressive. The hope is that eventually, 

after the experimental and theoretical systematic uncertainties have been properly evaluated, 

a comparison of the measured shape of the differential cross section with the theoretical 

predictions can be made at the klO% level. The largest uncertainties in comparing the 

absolute jet rates with predictions arise from the experimental uncertainties on the jet energy 

scale and the recorded integrated luminosity of the data samples. These uncertainties 

currently lead to a normalization uncertainty of about 5 23%. 

In the future the next-to-leading order calculations for the two-jet differential cross- 

section should also become available, enabling two-jet mass and angular distributions to be 

compared with the next-to-leading order QCD predictions. 

2.2 W and Z decays to Two Jets 

The UA2 collaboration reported4 the fist observation of W and Z decays to two 

hadronic jets in 1987. Based on a data sample corresponding to an integrated luminosity of 

0.73 pb-’ they observed a broad enhancement in the two-jet mass spectrum in the 

neighbourhood of the W and Z masses which corresponded to a signal of 632 z!z 190 
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events. This was to be compared with the standard model expectation of 340 * 80 events 

passing their trigger and event selection. 

The data from the 1989 CERN collider run increased the size of the UA2 data sample to 

4.7 pb-‘. The two-jet mass distribution5 in the neighbourhood of the Intermediate Vector 

Bosons is shown in figure 2 for events containing two well measured jets coplanar with the 

beam direction. There is a clear enhancement in the region of the W and Z boson masses. 

To extract the contribution to the mass spectrum from W and Z decays the spectrum has 
been fitted to two Gaussian peaks with the expected relative positions (m2/mw = 1.14) and 

the expected relative normalizations (corresponding to o.B(Z + qq)/o.B(W -+ qq) = 

0.43) sitting on a background with the parameterized form m-Ue-~me-@. The W mass and 

the experimental mass resolution have been left as free parameters in the fit. The best fit 
gives mw = 78.9 f 1.5 GeV/c2 and a mass resolution of 9.3 + 2.0 %, both of which are 

consistent with expectations. The number of reconstructed events in the peak corresponds 

to a signal of 5620 i: 1130 events (5 standard deviations) in agreement with the number 

which UA2 expected to pass their trigger and event selections based on standard model 

predictions (4250 + 150 events). 

In addition to being an important test of the standard model, the observation of W and Z 

decays to two hadronic jets is a reassuring confirmation of the relationship between the 

underlying partons and the reconstructed jets, and demonstrates the feasibilty of jet 

spectroscopy at hadron colliders. 

2.3 Two-jet Physics 

Previous measurements of the two-jet differential cross section from the CERN 

experiments and the CDF experiment have extended up to two-jet masses of about 300 

GeV/c2 and 500 GeV/c* repectively 6 for jets produced centrally. The recent CDF data have 

enabled these measurements to be extended up to two-jet masses of about 1000 GeV/c2 

(figure 3a). The preliminary measurements are in agreement with the lowest order QCD 

expectations. 

A comparison of the measured differential two-jet cross section with the predictions of 

QCD can be used to search for quark substructure with an associated compositeness scale 
A,. As the scale A, is approached, quark substructure would be expected to give rise to an 

excess of jets with large pr , and an excess of jet pairs emitted at large angle with respect to 
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Fig. 4 Properties of three-jet events: Preliminary measured distributions from the CDF 
collaboration of the Dalitx plot variables X3 and X4 defined as the normalized energies of 

the highest energy and next to highest energy jets in the three-jet rest system. The Xi are 

nomulized so that X3 + X4 + X5 = 2. The solid curves show the leading order QCD 

predictions from the Papageno Monte Carlo. The broken curves show tlwpredictions 

corresponding to three-body phase space. 
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Fig. 5 Properties of four-jet events: Preliminary measured four-jet mass and event sphericity 

distributions for a sample of four-jet events. UA2 data5 (points) are compared LO the 

leading order QCD predictions of xf. 10 (histogram). 



Page 7 

the beam direction and with large two-jet mass. Takiig the form of the four fermion contact 

term to be given by ’ : 

Lint = 4x ;iLf+-lL 4Llp-k 
AC 

the present lower limit on A,, which comes from the absence of an excess of high pr jets in 

the CDF inclusive differential jet specrmm * . , 1s AC > 0.95 TeV at 90% confidence level. 

When the analysis of the 1988/9 CDF data is complete there should be a significant 

improvement in the sensitivity of the measurements to deviations from QCD expectations 

due to a finite AC. An indication of the expected final sensitivity is shown in figure 3b 

which, for several choices of A,, compares the preliminary two-jet mass spectrum with the 

expected deviations from the leading order QCD prediction. 

2.4 Multi-Jet Production 

The large increase in the sizes of jet data samples in the UA2 and CDF experiments 

enable detailed studies to be made of events containing three or more jets. In particular, 

preliminary measurements from the CDF experiment of the properties of three-jet events 

(figure 4) and from the UA2 experiment of the properties of four-jet events (figure 5) 

show’ an impressive agreement with leading-order QCD predictions9,‘0. Events with five 

or more clearly separated jets have also been observed (figure 6) , offering an interesting 

test-bed for higher order QCD predictions. With the present data we can anticipate that in 

the coming months results should be forthcoming from the analysis of five-jet events, and 

maybe even six-jet events. 

3. Direct Photons 

A preliminary measurement of the inclusive differential cross-section for direct photon 

production from the 1988/9 CDF data” is shown in figure 7. The measured cross-section 

is a slightly steeper function of pr than the current next-to-leading order QCD calculations’* 

predict. It should be noted that the experimental photon isolation requirements are difficult 
to implement in a natural way in the O(aa~) QCD calculation, which may account for the 

discrepency between the QCD predictions and experimental observations at low pr. The 

predictions give a good description of the data for photon transverse momenta in excess of 

25 GeV/c. The new CDF measurements at 4s = 1.8 TeV complement the previous 

measurements of the UAl l3 and UA214 experiments at 4s = 630 GeV. 
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Fig. 6 Example of a live-jet event observed in the CDF experiment. The transverse energy flow 

is shown in the (pseudwapidity, azimuthal angle)-plane. 
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4. W and Z Physics 

Between them, during the 1988/9 running periods, the UA2 and CDF experiments have 

recorded of order 600 leptonic Z decays and 7000 leptonic W decays. These data samples 

have made possible improved measurements of the W and Z production rates, masses, and 

decay angular distributions, and searches for light Higgs bosons and exotic W and Z 

decays. 

4.1 W and Z Masses 

The W and Z masses measured by the proton-antiproton collider experiments are 

summarized in table 1. The Z mass results arc in good agreement with those obtained at 
LEP and the SLC. Figure 8 compares the measurements in the mw versus mz plane with 

standard model expectations as a function of the mass of the top quark and Higgs boson. 

The measured masses favor a top quark mass which is less than - 240 GeV/c*. The 

standard model expectations are not very sensitive to the assumed mass of the Higgs 

boson. 

Defining the weak mixing angle Ow such that 

sin* Bw z 1 - 2 
mz 

the mass measurements imply: 

UAl t5: sin* Ow = 0.211 dz 0.025 

UA2 “: sin2 Bw = 0.2202 k 0.0084 (stat) + 0.0045 (sys) 

CDF l’: sin* Bw = 0.231 * 0.012 (preliminary) 

in gocd agreement with the current world average value from deep inelastic scattering data: 

DIS *O: sin2 8, = 0.2309 f 0.0029 + 0.0049. 

4.2 W and Z Cross-Sections 

In figure 9 the W and Z cross-sections times leptonic branching ratios measured 
both at CERN and Fetmilab are shown to be in excellent agreement with the O(os) 
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Table 1: W and Z masses. 

Experiment Channel Mass (GeV/c*) Width (GeV) 

UAl l5 

UA2 l6 

CDF ” 

UAl I5 

UA2 l6 

CDF I8 

W + ev 
w + pJ 

W+rv 
W + ev 

W-tev 

W-tev 

w-tpv 

Z + e+e- 

z + p+p- 

Z + e+e- 

Z -3 e+e- 

Z --f e+e- 

z + p+p- 

Combined 

mw=82.7+1.0+2.7 
mw = 81.8 :;4j” zk 2.7 

mw = 89.0 k 3.0 5 6.0 

mw = 80.79 5 0.31 k 0.21 k 0.81 

mw = 80.49 zk 0.43 + 0.24 *) 

mw = 80.0 + 0.2 zh 0.6 (preliminary) 

mw = 79.9 5 0.4 f 0.6 @reliminary) 

mZ = 93.1 * 1.0 * 3.0 

rnz = 90.7 7:;: k 3.2 

rnz = 91.49 + 0.35 + 0.12 + 0.92 

mZ = 91.5 + 0.8 f 0.4 (Tracking) 

rnz = 91.1 k 0.3 + 0.4 (Calorimeuy) 

rnz = 90.7 k 0.4 + 0.2 

rnz = 90.9 5 0.3 zk 0.2 

1.89 +o.47 -0.40 

2.96 +“.98 -0.78 

3.8 + 0.8 IL 1.0 

ILEP ‘9 mz = 91.146 f 0.033 2.540 r!z 0.031 

*) Taking energy scale from LEP mZ measurements. 

calculations of Altarelli et al. *t An interesting quantity is the ratio of cross-sections times . 

branching ratios: 

R q %.B(W+ ev) ow T(W+ ev) $f =- 
oZ.B(Z + e+e) a, r(Z -9 e+e-) l-z 

for which, within the standard model, the production cross-sections ow and 02, and the 

partial widths T(W+ ev) and F(Z -+ e’e-) can be calculated, and the total Z width r, taken 

from the LEP measurements. The ratio R is therefore sensitive to the total W width f-w. 

The measured values of R and the corresponding rw are shown in table 2. 

Table 2: Measured values of R and the corresponding W widths. 

R rw (GeW 
UA2 ** (4s = 630 GeV) 9.38 r;;;,’ If: 0.25 2.30 k 0.19 k 0.06 

CDF 23 (4s = 1800 GeV) 10.2 k 0.8 5 0.4 2.19 k 0.20 
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Fig. 10 Transverse momentttm distributions of (a) W bosons and (b) Z bosons measured by the 

CDF collaboration, compared with the expectations from ref. [461 (can’s). 
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observed in W and Z events by the CDF collaboration. The average pair mass rt%olutiOn 
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Higgs boson, and the dashed line indicates the theoretical floor for this prediction 

corresponding to the most pessimistic assumptions about the Higgs boson decay 
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These indirect measurements of the W width imply limits on the partial widths of W decays 

into tb or more exotic decay modes. In particular the CDF measurement 23 implies that the 

top quark mass must be larger than 41 GeV/c2 at the 90% confidence level. 

Finally, the differential cross-sections for W and Z production measured by UA224 and 
CDFv are in excellent agreement with the O(as*) expectations of Arnold and Reno26. The 

measurements from the CDF collaboration arc shown in figure 10. No significant excess of 
events at high pr is observed. 

4.3 Search for a Light Higgs Boson 

If a very light Standard Model Higgs boson exists with mass mR < 1 GeV/c* then the 

radiation of a Higgs boson at the Fermilab collider is expected from about 1% of all 
hadronically produced W and Z bosons. If mR is between the pL+p- and p+p- decay 
threshholds (25 < mn < 2mp) the Higgs boson is expected to (i) have a lifetime < 10-14s 

and its decay products will therefore be associated to the ptimaty vertex, and (ii) decay with 
a large branching fraction to a charged track pair (p+p‘, n+tY, or KfK-). The CDF 

collaboration have therefore searched*’ for a resonant enhancement amongst isolated high- 

transverse-momentum track pairs in W and Z events. The pair mass distribution is shown 

in figure 11. No enhancement significantly in excess of statistical fluctuations is observed. 

Comparing the rate of isolated track pairs observed in W and Z events with the expectations 
for standard model Higgs boson production and decay, the mass intervals 2rnuc mn < 818 

MeV/c’, and 846 MeV/c* c mH < 2mK are excluded at 90% C.L. This result is 

complementary to the recent negative results from light Higgs boson searches at e+e- 

colliders in that it is essentially based on the expected Higgs coupling to the W boson rather 

than the Z boson. 

5. Heavy Flavor Physics 

Heavy quarks (charm and bottom) are produced prolifically at hadron colliders. New 

preliminary results from the recent collider runs suggest that heavy flavor physics at hadron 

colliders has a rosy future. Results indicate the feasibilty of reconstructing exclusive heavy 

quark decay modes which, combined with the expectation of very high statistics data 

samples in the near future, promises the possibility of(i) identifying exclusive final states 
for B, and Bs mesons, (ii) measuring secondary vertices associated with the decays b + c 

+ s and hence the associated B meson lifetimes, and (iii) studying B”- ED mixing as a 
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function of decay length. In the more distant future with data samples of order 1 fb-’ 

searches for CP violation in the B meson system may be feasible. 

5.1 D*s in Jets 

Both the UAl and CDF collaborations have measured D** production in jets produced 

in proton-antiproton collisions. The standard method is used to search for the decay 
sequence D*+ + D’rrf, Do -+ K-n; (and its charge conjugate) by plotting the mass 

difference m(R rr; x?J - m(K- rtz). UAl reportsz9 a production rate of 0.10 + 0.04 f 0.03 

D’ mesons per jet for an average jet Rr of 41 GeV. This result is consistent with QCD 

expectations for production by gluon splitting. Furthermore the associated D** 

fragmentation distribution is strongly peaked towards z = 0, also consistent with a gluon 
splitting origin. The CDF measurements 3o at 4s = 1.8 TeV are in agreement with the UAl 

measured D** rate at 4s = 630 GeV, the number of D** per jet observed by CDF is 0.10 f 

0.03 * 0.03 for jets with an average E, of 47 GeV. 

5.2 B”- B” mixing 

The fist evidence for B”- go mixing31 was from the UAl measurement of like-sign 

dimuons produced in proton-antiproton collisions. The UAl collaboration have recently 
updated their measurement. Defining the mixing parameter x as 

x E N&i’) 

N(B”) + N(B”) 

where N(B”) and N(%‘) are the number of particles which decay as B” mesons and E” 

mesons repectively given an initially pure beam of B” mesons. UAl measure3* x = 0.18 * 

0.08 from their 1989 data, to be compared with 0.16 f 0.06 from their earlier (1983-1985) 

data. In principle there can be contributions to the production of like-sign dimuons from 

both Bl - @ and Bz - Ey mixing, characterized by xd and xs respectively. To extract & 

and xs requires knowledge of (i) the fraction of b quarks which hadronise as By mesons, 

(ii) the semi-muonic branching ratio of By mesons, and (iii) the average semi-muonic 

branching ratio for all bottom hadrons. Making reasonable assumptions for these 

parameters, and comparing with the results for Bi - j$ mixing from ARGUS33 the UAl 

collaboration concludes that both Bi - Bt and Bz - 6: mixing are needed to explain the 

data (figure 12). 
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5.3 Exclusive B Decays 

Both UAl and CDF have preliminary evidence for exclusive decay modes of B 

mesons. Fiier results from both experiments are expected in the near future. At present it 
is worth noting the impressive J&r and T, T’ , and T” peaks reconstructed in the CDF 

detector (figure 13). Studies of exclusive B decays into J/v + X may yield interesting 

results in the coming years. 

6. Search for the Top Quark 

All three collider experiments have made direct searches for top quark production and 

decay. Since the purely hadronic decays of the top quark are difficult to separate 

experimentally from the much larger QCD multijet background, the experiments have 

fccussed their searches on looking for semileptonic top decays. The absense of a signal 

enables limits to be placed on the production cross-section under the assumption that the 
semileptonic branching ratio BR(t + ! + X) = ll%, as expected within the standard 

model. The O(as3) calculation2s of the t? production cross section in proton-antiproton 

collisions as a function of top quark mass, together with the predicted rate for W + tb 

events are shown in figure 14. Using these predictions the experimental limits on the top 

quark cross-sections can be converted into lower limits on the top quark mass. The current 

limits from UAI, UA2, and CDF are summarised in table 3. 

6.1 Top Quark Limits from UAl 

UAl have looked for evidence for top quark production and semileptonic decay in 

the electron + jets channel (1983-1985 data34), muon + jets channel (1983-1989 data35), 

and di-muon channel (1983-1989 data35). Observed events are consistent with expectations 

for standard model background processes, e.g. W, Z, Drell-Yan, b-quark, and c-quark 

production. Limits on top quark production are obtained by constructing likelihood 

variables that differentiate between top decays and the various background processes. 

6.2 Top Quark Limits from UA2 

UA2 have looked for evidence for top quark production and semileptonic decay in 

the electron + jets channe136. The largest standard model background in this channel arises 

from W bosons produced in association with additional jet activity, where the W decays to 
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an electron and neutrino. The observed events have an electron-neutrino transverse mass 

distribution 

my = (26 $ [I-cos o,] )ln 

consistent with that expected for W production and decay without a contribution from the 

top quark. Fitting the my distribution enables a limit on the top quark contribution to be 

placed as a function of the top quark mass, which in turn results in a limit on the top quark 

mass. 

Table 3: Top quark mass limits from UAl, UA2, and CDF. 

Zxperiment 
J,b,l 34.35 

JAl 35 
DA1 35 

UAl 35 

UA2 36 

CDF 37 

CDF 3s 

CDF 

Channel 

electron + 22 jets 

muon + 22 jets 

d&muon 

combined 

electron + jets 

electron + Er + 22 jets 

electron + muon 

combined including 
di-ekuon + ET , 
di-muon + Er , and 
Low pr muons 

Result (95% C.L.) 

m, > 41 GeV/c* 

m, > 52 GeV/c* 

m, > 46 GeV/c* 

m, > 60 GeV/c’ 

m, > 69 GeV/c* 

m, > 77 GeV/c* 

m, > 72 GeV/c* 

m, > 89 GeV/c* 
(preliminary) 

6.3 Top Quark Limits from CDF 

The most stringent limit on the top quark mass comes from the CDF experiment. 

Five complementary methods have been used to search for top quark semileptonic decays. 

(i) Electron + ET + 22 jets3’: the my distribution is well described by expectations for 

W --f ev decays where the W is produced in association with hadronic jets. NO 

excess ascribable to ti or tb production is observed. 

(ii) Electron + muons*: One event is observed with both an isolated electron and an 
isolated muon in the central region, both with pr > 15 GeV/c. This event has an 

electron with Et = 31.7 GeV and a muon with pr = 42.5 GeV/c. The dilepton 

azimuthal opening angle is 137O. There is also a second muon candidate in the event 
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in the forward region, and a jet with E, = 14 GeV. This event may be signal or may 

be background. For the purposes of extracting a conservative limit it is assumed to 

be signal. The limit on top quark production is then based on the observation of one 

event in the signal region. 

(iii) Di-electron + Et [preliminary]: No events are observed with two isolated electrons 

with~>lSGeV,Im,- mZI > 15 GeV/c’, ARr > 20 GeV, A&, > 20”, and A@,, < 

160’. 

(iv) Di-muon + & [preliminary]: No events are observed with two isolated muons with 
E, > 15 GeV, Im,+ - mZI > 15 GeV/c*, AE, > 20 GeV, A$+ > 20°, and Aorr < 

160’. 

(v) Low pr muons [preliminary]: Look for additional low pr muons in the electron + 

E, + 22 jets sample and the muon + Er + ~2 jets sample, requiring the low pi 

muon to be well separated from the highest pr jets. No additional muons are 

observed far from the two highest E, jets (AR = ({Aq]’ + [A$)‘)‘” > 0.5). 

6.4 Top Quark Status and Prospects 

Currently the world data’9v39 suggest that the top quark has a mass in the 

approximate range 100 - 250 GeV/c*. The most stringent limit from direct searches for the 
top quark is m, > 89 GeV/c’ (95% C.L.) from the CDF experiment. In 1991 the Fermilab 

collider is expected to begin its next run with CDF taking data and the DO experiment 

having its first run. The integrated luminosity to be delivered by the collider will IX about a 

factor of five more than during the 1988/g run. The predicted ti cross-section at the 

Fermilab collider is by about a factor of five lower for a top mass of -125 GeV/c’ than for 

a mass of 89 GeV/c’, hence a first guess is that by 1992 the experiments should be 
sensitive top decays if mt < 125 GeV/c*. This estimate is in fact over-coservative since top- 

decays in the lepton + jets channel are more easily distinguished from the W + jets 

background as the top mass increases above the current limit. The results of a recent 
studfO, which are shown in figure 15, suggest the experimental reach will approach m, = 

140 GeV/c’ by 1992, and m, = 200 GeV/c* by 1994 at which time the recorded integrated 

luminosity is expected to have increased by a further factor of five. 
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Moss(c’c-) [G&f/c*1 

Fig. 16 Comparison of the e+e- mass distribution measured by the CDF collaboration with the 

standard model expectation (histogram). 

CDF Preliminary 

m (GeV/c*) 

Fig. 17 Preliminary CDF measurement of the integrated e*e- cross-section compxcd with the 
O(UUS) standard model expectation, and the modified expectations corresponding to an 

eqq contact interaction with associated scales I$” = 1.5 TeV and 1\& = 1.8 TeV. 
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7. Search for Physics Beyond the Standard Model 

Despite the large proton-antiproton collider data sets that have been recorded and 

analysed there are as yet no indications for a significant deviation from the expectations of 

the standard model. The agreement between measurements and predictions can be used to 

set limits on plausible modifications to the standard model. In the following the current 

status of searches for lepton compositeness, heavy W-like and Z-like bosons, and 

supersymmetric particles are summarised. 

7.1 Lepton Compositeness 

The e+e- pair differential cross-section measured by the CDF collaboration (figure 16) is 

well described by expectations for Z” plus Drell-Yan production. No pair with mass in 

excess of 200 GeV/c* is observed, corressponding to the preliminary upper limit : 

(T~+~. (m > 200 GeV/c*) < 2.1 pb (95% C.L.). 

This limit can be used to place a limit on the energy scale A, associated with a flavor 

diagonal helicity conserving contact interaction of the form 7: 

+Y- - 
2** XL q, rp qL CL rp eL 

with qLL=fl. 

The resulting limts on 4 are: 

ALL > 1.8 TeV (95% C.L.), 

hlL > 1.5 TeV (95% C.L.). 

Comparing the measured integral cross-section with O(aa,) predictions (figure 17) it can 

be seen that these preliminary limits are conservative. More stringent limits should become 

available when the analysis is completed. Table 4 summarises the worlds limits on fedon 

compositeness scales. An analysis of the p+p- spectrum measured by CDF is currently in 

progress, and should yield a limit on (or observation of) a possible ppqq four fermion 

interaction in the near future. 
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Table 4: Lower Limits on the scale of four fermion contact interactions. 

A~CkeV) AU. VW Experiment 

Au(eeee) 1.4 3.3 TASS0 4’ 

&(eepp) 4.4 2.1 JADE 42 

A,(eem) 2.2 3.2 JADE 42 

ALRWpe) 3.1 9 3.1:) Jodidio et al. 43 

~LLkwl~) 0.95 0.95 CDF8 

J$Jj=4~) 1.5 

*) 90% C.L. 

1.8 CDF (Preliminary) 

7.2 Search for a Heavy W and 2 Bosom 

The most stringent limits on the production and leptonic decay of high mass W-like and 

Z-like bosons come from the CDF data. No additional peaks are observed in the e+e- mass 

spectrum above the Z”, or in the ev transverse mass distribution above the W, which are 

ascribable to the decays of heavy W’ or Z’ bosons. The resulting 95% C.L. upper limits 
on the production at 4s = 1.8 TeV times leptonic decay branching ratios are: 

and 
crw,.Bev I 7.6 pb 

oz,.B, L 1.0 pb. 

These limits can be re-expressed as limits on the W’ and Z’ masses if standard model 

couplings are assumed: 

and 
mw, > 380 GeV/c* (95% C.L.), 

rnz, > 400 GeV/c* (95% CL.). 
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7.3 Squarks and Gluinos 

CDF has searched for events containing two or more hadronic jets produced in 
association with large missing transverse energy &). There are 98 events with I$ > 40 

GeV. The observed k!+ spectrum is shown in figure 18. The expected background 

contributions have been calculated for W + ev, W + pv, W + TV, Z + VC and QCD 

multijet events including the contribution from the production and decay of heavy quarks. 

The total expected background (86.4 * 14.1* 11.6 events from Intermediate Vector Boson 

decay, and 4 & 4 events from QCD) is consistent with the observed event rate. Using the 

ISAJET Monte Carlo together with a simulation of the CDF detector, the non-observation 
of an excess of multijet plus large $.t events can be used to place limits on the masses of 

squarks and gluinos. Assuming (i) the photino is the lightest supersymmetric particle and 

is massless, (ii) that there are six degenerate squark masses, and (iii) that the SUSY 

quantum number is conserved, the resulting region of the squark mass versus gluino mass 

plane that is excluded is shown in figure 19. A search has also been made by CDF for two 
photons produced in association with large $,.. Events of this type are predicted by models 

in which the photino is unstable and the Higgsino is the lightest supersymmetric particle. 

Preliminary mass limits on squarks and gluinos from this searchbl are similar to those 

shown in figure 19. 

7.4 Selectrons, Sneutrinos, Winos, and Photinos 

The UA2 collaboration have searched for supersymmetric decays of the Z” in the 

channels: 
Z + e”F-+ee yy 

and 
Z -3 66 + eeVV. 

These decays result in a relatively low mass e+e- pair produced together with &. UA2 do 

not see any evidence for an excess of such events that can be ascribed to these decay 

modes45. Limits on supersymmetric decays are obtained by dividing the kinematic space 

into 19 regions and fitting for standard model plus SUSY contributions. The resulting 
excluded regions in the rnz versus my and mTu versus mc planes are shown in figure 20. 
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Fig. 18 
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Distribution of&observed by the. CDF collaboration for events with & > 40 GeV 
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Fig. 19 Regions of the sqoark versus gluino mass plane excluded (90% C.L.) by the CDF 

coillaboration for a minimal SUSY model where the photino is the lightest 

supersymmetric panicle and is masless and stable. 
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8. Summary 

The large increases in the data samples recorded at the CERN and Fermilab high energy 

proton-antiproton colliders in the last two years have made possible many new results in jet 

physics, direct photon measurements, electroweak tests, and searches for new particles. 

The main jet physics results have been the new preliminary measurements of the 

inclusive jet, two-jet, three-jet, and four-jet cross-sections and the confirmation of the 

earlier IJA2 observation of the decay of the W and Z into two jets. In particular the first 

comparison of the inclusive jet cross-section measured by CDF with the complete next-to- 

leading order QCD predictions has been made, and promises in the future a subtantial 

improvement in the precision of the comparison between QCD and the measurements. In 

the domain of direct photon physics further work is needed to understand the apparent 

discrepency between predictions and measurements of the direct photon cross-section at 
low photon pT. The main W and Z physics results have been the increasingly precise 

measurements of the W and Z masses and widths. The W width has been measured both 

by direct fitting of the lepton transverse mass distributions, and indirectly from the 

measured relative rates of leptonic W and Z decays. 

Searches have been made for additional heavy W-like and Z-like bosons, fermion 

substructure, supersymmetric particles and a light Higgs boson. No evidence for any of 

these phenomena has been reported. There is as yet no statistically significant evidence for 

the top quark. If it should turn out that the one electron-muon candidate observed by CDF 

does indeed come from ti production and decay then the next few years of proton- 

antiproton collider physics should be exciting ones. 
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