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This final talk of the meeting briefly discussed a number of experimental topics
that I found particularly interesting. It also includes some critical comments
about the future direction of our discipline.

1 Proton and Photon Structure

As discussed by Zhokin, there has been a great advance in our knowledge of proton
structure as a result of measurements made two HERA experiments, HI and ZEUS.
We now have data of a few percent precision extending from below Q2 = 1 GeV2 to
above 104 GeV2. The clear scaling violations, when fit with NLO QCD, give a
gluon distribution that rises rapidly at the lower Bjorken x values. At x = 104 the
gluon density is determined to an accuracy of 15%. So the low Q2 picture of the
proton is one where the proton disc is filled with gluons.

The DGLAP QCD fit works well down to about Q2 = lGeV2. Below this
value, the rise of F2 flattens as the Regge limit is approached. If the very low Q2
ZEUS data is extrapolated to Q2=0 using a generalized vector dominance model, the
total w cross section can be determined. The wdues are somewhat higher than
those directly measured. However, the W dependence fits well to a soft Pomeron

form giving ap (0)=1.105+0.001+ 0.007, in good agreement with values

obtained from hadronic scattering.
The high Q2 HERA data gives good agreement with expectations based on the

hi h x structure function results from the fixed target measurements. At these high
FQ values, the proton structure is probed at a distance scale of about 10-’6cm. The

valence quarks are very small and in this high Q2 picture, the proton is mostiy
empty. The earlier reports of excess events a high (x, Q2) reported by H1 and ZEUS
have not been confirmed in later data sets.

The advent of LEPII has given much improved capability in w physics. This,
together with photoproduction studies at HERA, promises a qualitative
improvement in the determination of the structure of the photon. Feld and DeRoeck

presented the LEP data on F27 from single tag data, which corresponds to ~y

scattering. A clear logarithmic rise with Q2 is seen consistent with the anomalous
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term coming from the ~~ splitting. The GRV parametrization of the photon

structure is favored. The data are not yet precise enough to see a rise in F2 ~ at low

x, nor have they been subjected to QCD fits to obtain the gluon content of the
photon.

The ZEUS data on dijet production from w scattering have been compared to
NLO calculations as presented by Hadig. Whether the disagreements seen mean
that the photon structure needs modification or that there are some systematic
difilculties in doing quantitative w jet physics is not yet known. The strong
influence of the gluon content in the photon can be seen in the HI jet data.

The LEPII ‘yyuntagged data has also been analyzed to measure the total w
cross section as a function of energy. Because of the poor acceptance for the final
state, the results are dependent on the modeling of the final state and systematic
errors dominate. Nevertheless, both L3 and OPAL have looked at the energy
dependence of the cross section, since most of the.systematic error depends little on
the energy. L3 sees a stronger energy variation than does OPAL, suggesting some
effect from the point-like photon coupling.

2 Diffraction

New data were presented on Pomeron structure by Piotrzkowski (HERA) and
Convery (CDF). There is a well-known breakdown of factorization between the
HERA and CDF data so that the concept of a universal Pomeron structure may not
make physics sense. However, new data from both CDF and H1 suggests that the ~
distribution (~ is the x~jof the Pomeron) is rather flat but peaks at low ~ values.
The earlier high ~ peak seen in the H1 analysis is not favored by more recent
results. ZEUS measurements using the Leading Proton Spectrometer (LPS) should
settle this question of a low ~ peak.

The recent ZEUS LPS data on the thrust and sphericity values as a function of
final state hadronic mass disagree with the published HI results obtained using with
a q max selection. The ZEUS thrust values are in good agreement with the e+e-
measurements, whereas the H 1 events seem to be “fatter”. The H 1 result was
interpreted as evidence of a gluon-dominated Pomeron. Clearly there is much yet to
be learned about the nature of diffraction.

3 Physics with Jets

The high Pt excess reported by CDF some years ago is not supported by DO data
and, in fact, when the systematic uncertainties are incfuded, neither CDF nor DO
now claim any significant effect. Quantitative jet physics is difficult. This is
clearly brought out by the comparison of the Tevatron data at 630 GeV with that at
1800 GeV. No consistent picture has been obtained so far as discussed by Seidel

wsbrown.doc submitfed to World Scientif ic : 11/29/99 :11:46 AM 2/5



(CDF) and Babukhadia (DO). These difficulties
interpretation of the ZEUS photoproduction jet data.

4 Correlations

cast some cloud on the

The next phase of proton structure studies is to investigate gluon-gluon correlations
in the proton. Double parton scattering measures the space; transverse momentum,
correlations and the “skewed parton distributions” measure the longitudinal
correlations. A nice measurement by CDF[l] using photon plus three-jet events
gave an effective cross section for double parton scattering of 14.5 * 1.7+ 1.7- 2.3
mb. Whether this implies a uniform gluon distribution within the proton disc or
favors clumping of the gluons around the positions of the valence quarks depends
on the model used. In particular, Treliani’s analysis favors the latter possibility.
The first observation of deeply virtual Compton scattering by ZEUS, reported by
Plotrzkowski, opens the measurements of longitudinal correlations in DIS.

5 QCD Studies

Good new measurements of asby HI and ZEUS using inclusive jet and dijet cross

sections were reported by Hadig. The statistical and systematic errors are at the 2-
3% level and so competitive with other recent determinations. At lower Q2, where
separated jets are difficult to observe, the change of the event shape variables with

Q2 or & is being used by the LEP collaborations,-see trdks by Sarker and Abe.

The shapes are described by a perturbative contribution which depends on as and a

nonperturbative power correction that has been estimated by several theorists. This

works well for the e+e- data and a clear running of as is seen. The power law

corrections are universal for all event shape variables. This is not, however, the
case with DIS (Milstead) so that more work is needed before one can see the
coupiing constant run over the wide range of Q2 available at HERA.

The long story of comparison studies of quark and gluon jets is coming to a
close. The data, presented by Eden, are beautiful and fully in agreement with QCD
expectations as are subjet multiplicities measured by DO and ZEUS. New data on
multiplicity distributions in the Breit frame from ZEUS were presented by
Chekanov. Although the mean multiplicity as a function of Q agrees well with the
MLLA-LPHD calculations, this is not the case for the higher moments. The
questioned death of LPHD may be premature as emphasized to me by Ochs.
Rapidity correlations between identified hadrons presented by the SLD
collaboration show the strangeness, baryon number and charge correlations
predicted by JETSET, with the exception of the case of Kp pairs. This is the first
time for such results, although similar data with non-identified particles is an old
story.
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6 Bose-Einstein Correlations

This subject was covered in the talk of Buschbeck. For many years the study of
Bose-Einstein correlations was considered to be something of a curiosity, of interest
only to a specialized group of people. How things change: first there were
important applications in heavy ion collisions where the size of the interaction
region provides essential information, and now it becomes necessary to understand
pion-pion final state interactions in W pair production at LEP in order to measure
the W mass with best accuracy. The technique used is to calibrate the BE effect
within one W decay using the events, where one W decays leptonically and the
second hadronically, and then to compare this measurement with the data from the
four jet events with two W decays to hadrons. The ALEPH collaboration concludes
that correlations between the two W’s is disfavored by 2.7. Unfortunately DELPHI
comes to the opposite conclusion, so the question remains open.

A nice new result on BE and Fermi Dirac effects was presented by Alexander
using LEP data. The radius of interaction decreases as the mass of the hadron
increases from pion to kaon to lambda and a simple prediction based on the
uncertainty relation accounts for the data. Heavy particles travel slower and so give
a smaller radius.

7 Conclusions

a lament:
In war, there is always the temptation to think

that some great new weapon will bring victory; one
thinks of the V weapons fkom the later stages of WWII.
In WWI, the armaments company Krupp produced a
giant cannon that could send shells as far as Paris from
behind the front line. This weapon had no effect on the
outcome of the war despite the damage to buildings
and the loss of life. One can imagine a multiparticle
physicist visiting Big Bertha, as the gun was called,
and asking the Director General of the Big Bertha
Battalion how he knows if the gun is pointing in the
right direction. The reply might be “I don’t know, but
it sure is a big gun!”

We may be making the same mistake. The thousands of physicists who are
associated with the LHC detectors leave few to continue other programs. One
major lesson from the history of our field is to expect the unexpected. Who would
have thought 15 years ago that the next big advance would come not from the great
accelerators but from studies of the cosmic radiation?
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The first 20 event was seen at LEP ten years ago and this program is about to
end. The HERA program is likely to terminate within the next decade. The
emphasis on few problems such as CP violation and electroweak symmetry
breaking to the exclusion of other lines of research is potentially disastrous.
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