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High statistics data have been presented by ZEUS for hard photopro-
duction of D* mesons. The measured cross sections for large pf*, 7P lie
above those predicted by QCD-NLO calculations. There is a substantial
contribution from resolved photons indicating the existence of charm exci-
tation in the photon. Photoproduction of beauty quarks has been observed
for the first time by H1. The measured cross section lies above the theo-
retical expectations calculated in QCD-LO by a substantial factor. First
results on quasielastic photoproduction of Upsilons have been presented by
ZEUS. The observed cross section lies above the theoretical predictions.
QCD-NLO fits to data for the proton structure function F» from H1 and
ZEUS have provided rather precise determinations of the density of gluons
in the proton. The resulting predictions for the charm contribution Fs to
F; are consistent with Fy obtained directly from charm production by DIS.
An analysis of I, data at small Q2 indicates that the transition from soft
hadron-like scattering to DIS occurs somewhere between 0.5 and 3 GeV?2.
A QCD-NLO analysis by ZEUS with F, measurements starting at Q% = 1
GeV? shows that a good description of the data can be obtained. Surpris-
ingly, while at Q? = 7,20 GeV? the gluon density (g)at small x is much
larger than that for the singlet quarks (X'), the situation appears to be re-
versed at Q2 = 1 GeV?2 where g < X. Diffraction dissociation of the virtual
photon into high mass hadrons represents a substantial part of the DIS
cross section. Its energy dependence is similar to that of the sum of all DIS
channels and leads to a pomeron trajectory which lies above that observed
in hadron-hadron scattering. The behaviour of the diffractive structure
function suggests a substantial contribution from partonic interactions. H1
and ZEUS previously had reported an excess of events above the Standard
Model predictions at large @2, high = seen in the 1994-96 data. Analysis
of the 1997 data, corresponding to about the same integrated luminosity,
has not added to this excess.
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1. Introduction

Since the beginning of operation in 1992 the luminosity provided by
HERA for H1 and ZEUS has increased by about a factor of two every year
thanks to a vigorous machine development program. The increase in lu-
minosity has led to much improved precision e.g. in the determination of
structure functions and the neutral and charged current cross sections, and
has given access to new processes such as the production of heavy quarks.
Above all, the two experiments have reached sensitivities for some processes
beyond the Standard Model which exceed those of other experiments.

This report presents a snapshot of recent experimental results from H1
and ZEUS for a few selected topics drawing heavily on reports from [1-3].
A recent overview on HERA physics may be found in [4].

Most of the data were obtained with 27.5 GeV positrons colliding with
820 GeV protons equivalent to a total c.m. energy of /s = 300 GeV. The
useful data correspond to luminosities integrated over 1992-97 of 37 pb~!
with eTp and 1 pb~! with e~ p collisions for H1, and 47 pb~! with eTp and
1 pb~! with e~ p for ZEUS.

2. Heavy quark production

2.1. Hard D** photoproduction

In photoprodcution processes at HERA, a quasi-real photon (Q? ~ 0) is
emitted by the incoming lepton and interacts with the proton. At leading
order QCD, direct and resolved photon processes can contribute to charm (c)
production. The direct process corresponds to photon-gluon fusion, vg — c¢,
while charm quarks in the parton distributions of the photon and the proton
can lead to processes of the type cg — cg known as flavour excitation.

The light quark structure of the photon has been extensively studied
in photon-photon collisions at e™e™ storage rings [5], whilst there is little
information at present on the charm content of the photon. Photoproduction
of charm with hard transverse momenta is expected to be sensitive to charm
excitation.

ZEUS studied photoproduction of D** mesons in dijet events using data
from 1996-97 corresponding to an integrated luminosity of 37 pb~! [6].
Events were selected with photon-proton c.m. energies of 130 < W <
280 GeV. The D* mesons were identified via two decay channels, D** —
D¢ — (K~nt)rd and D* — DOnd — (K- ntntn™)md (plus c.c.). For
the analysis of charm with associated dijets, events containing a D* meson

with plfms > 2(4) GeV were used. The events were also required to have at

least two jets with pseudorapidities ['°*| < 2.4 and energies Eﬂ;,?t > 5 GeV.
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Here 7 is defined as — In(tan(f/2)) where the polar angle is measured w.r.t.
the direction of the incoming proton. The measured D* was found to belong
to one of the two jets. The differential cross section do/ dpf* as obtained
from the two D* decay channels is shown in Fig. 1 for [n”"| < 1.5 as a func-
tion of pj:_)* and in Fig. 2 as a function of n”" for different minimum values
of pf*. Good agreement between the results from the two D* channels is

observed.
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Fig.1. The differential cross section do/dp, for D* photoproduction in the region
130 < W < 280 GeV, |n”"| < 1.5. The curves show the NLO predictions for the
massive charm approach (dash-dotted, dashed and dotted) and for the massless
approach (full).

The cross sections were compared with NLO QCD calculations in the
massive |7] and massless charm schemes using the parton densities CTEQ4M
[8] for the proton and GRV-G HO [9] for the photon. The renormalization

scale used was g = m = 1/m2 + p% (m. = 1.5 GeV) and the factorization

scales of the photon and proton structure functions were set to pp = 2m .
The charm fragmentaion into D* was performed using the Peterson func-
tion [10] f(2) o< [2(1 — 1/2 —¢/(1 — 2))?]7L. Here z is the fraction of the
quark momentum carried by the D* and € is a free parameter. Data from
ete™ suggest a value of € = 0.02 while [7] used € = 0.06. The cross sections
predicted by the massive scheme shown in Figs. 1 and 2 are considerably
lower than those measured. The shapes predicted for the n distributions are
also inconsistent with the data.
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Fig. 2. The differential cross section do/an* for D* photoproduction in the
region 130 < W < 280 GeV for different minimum values of pf*. The curves show
the NLO predictions for the massive charm approach (dash-dotted, dashed and
dotted) and for the massless approach (full).

The massless charm scheme assumes the charm to be an active flavour in
both the proton and the photon [11-13]. Results from two different massless
calculations are shown in Figs. 1 and 2. They agree in shape with each other
but disagree in magnitude. The predicted cross sections are in general below
the data, most notably in the forward direction (n”” > 0).

In summary, the measured cross sections for D* photoproduction for
plf* > 4 GeV, nP" > 0.5 lie above the current QCD NLO predictions by a
factor of about 1.4 - 2.

Using the tranverse energies and angles of the jets, separation into D*
events produced predominantly by direct photons and those produced by
resolved photons was performed. The presence of a substantial contribution
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from resolved photon processes indicates the existence of charm excitation
in the photon.

2.2. Hard beauty photoproduction

In a pioneering analysis H1 has presented a first measurement of beauty
(b) production at HERA [14]. The b-quarks were identified via their semilep-
tonic decay b — prX.

The analysis was performed with data from 1995-96 corresponding to an
integrated luminosity of 8.3 pb~!. Events were selected requiring at least
two jets, each with transverse energy Er > 6 GeV plus at least one muon
in the central detector with pf. > 2 GeV being associated with one of the
jets. The contribution from b-quarks was separated from those of charm
and light-quark background on a statistical basis using the muon transverse
momentum relative to the thrust axis of the jet, pi/;,rel'
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Fig. 3. The measured p%rel distribution (points with error bars) and the result of
the fit for the different components (histograms). From H1 [14].

The distribution of p‘jﬂ ro1 18 shown in Fig. 3. The bulk of the events have

small p%rel < 1 GeV stemming from misidentified hadrons, from muons from
7, K decays and from charm decay. In addition, there is a substantial num-
ber of events with p%rel > 1.5 GeV. The shape of the first two contributions
were estimated from an analysis of identified 7’s. The expected shapes of the
charm and beauty contributions were calculated in LO using the AROMA
model [15]. From a fit to the measured pg",rel spectrum the size of these
contributions were determined. They are shown by the histograms in Fig. 3.
The prediction for the sum of all contributions describes the data well. For
p%rel > 2 GeV the events arise predominantly from b-decay.
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The distribution of the pseudorapidity 7/ of the jet containing the muon
is shown in Fig. 4. Most of the events have 7®" values between -0.5 and +1.0.
The measured distribution is well reproduced by the prediction (histogram).
The cross section for b-production in the kinematic region
0.1 <yyp < 0.8, where W? =~ y;ps, P > 2 GeV, 35° < O < 130°
was found to be

ovis(ep — bbX) = 0.93 £ 0.08(stat) 7533 (syst)nb. (1)

Taken at face value the observed b-production is a factor of ~ 5 higher than
the value of 0.19 nb predicted by AROMA in LO. The HERWIG model [16]
yielded a value similar to that of AROMA. This excess of data over theory
is similar to the results found for bb production in pp collisions.

As a next step, a comparison with NLO calculations of photoproduction
of b-quarks is needed. Also, an analysis which studies in a general manner
to what extent the available charm and beauty data constrain the gluon and
heavy quark densities of the photon, is highly desirable.
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Fig. 4.
data (points with error bars) and the result of the fit for the different components
(histograms). From H1 [14].

The pseudorapidity distribution of the jet containing the muon for the
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2.3. Quasielastic photoproduction of charmonium and bottonium

The cross section for quasi-elastic photoproduction of light onia such as
vp — Vp with V = p¥, ¢ is rather constant as a function of the total c.m.
energy W, o,,_vp W% with § ~ 0.2. This behaviour is similar to that
of elastic hadron-hadron scattering and is expected in a combined Vector
Dominance Model Regge approach. In contrast, 0., jp, rises rapidly with
W as shown by Fig. 5. Here 6 =~ 0.9, see Fig. 5(a). Such a behaviour is
expected in pQCD in which the reaction proceeds by two-gluon exchange
between the photon and the incoming proton [18]. The pQCD models de-
scribe both the W dependence and magnitude of o,,_. j/p, as shown by the
curves in Fig. 5(b). The importance of pQCD contributions in vp — J/¥p
can be understood as a consequence of the heavy mass of the charm quark
mass which sets a hard scale.
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Fig.5. The cross section for yp — J/Wp as a function of the c.m. energy W. (a)
Shows a fit of the ZEUS data to the expression o, j/pp < W?®. The dashed line
shows the predictio of a soft pomeron model in which 6 = 0.22. (b) The data from
H1, ZEUS and lower energy measurements are compared with pQCD predictions
by [18] (solid line), [19] (dotted line) and [20] (long dash dotted line). From [17].

Recently, ZEUS reported first evidence for the quasielastic photoproduc-
tion of the Upsilon [21|. The Upsilon was observed in the 1995-97 data
corresponding to an integrated luminosity of 43 pb~!. Figure 6 shows the
T~ mass spectrum for events where besides the two muons no other par-
ticles were observed in the central detector. Strong J/¥ and ¥’ signals are
observed on top of a large background coming from the Bethe-Heitler pro-
cess. In addition, there is a signal for 7" production. The limited statistics
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Fig.6. Mass distribution of u™u~ pairs from photoproduction. The histogram

represents the simulated Bethe-Heitler background. Points in the J/¥ region are

connected by a dotted line. The insert shows the signal remaining in the 71" region

after subtraction of the non-resonant background. From ZEUS [21].
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Data (points with error bars) are compared with the predictions of [22] for different
parton densities of the proton (dashed and full lines).
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does not allow to distinguish between the 7°(15),7(25),2(3S) states. As-
suming that the cross sections times branching ratios for the three states are
the same as measured in pp interactions gave for the cross section

Topr(15)p = 375 & 170(stat) "¢} (syst)pb at W = 120 GeV (2)
and for the ratio

T (18)p/ T gy = (4.8 £ 2.2(stat) 70 { (syst)) x 1072, (3)

In Fig. 7 these values are compared with theoretical calculations [22] which
predict 0.y, .r(15), = 60 pb and 0., _1(15)p/Typ— /vy = 1073, both weakly
dependent on the structure function parametrisation used. At face value,
the data exceed the predictions by a factor of about 5. It remains to be seen
whether this discrepancy persists with more precise data.

3. Structure functions of the proton

Measurements of deep inelastic neutral current scattering by H1 and
ZEUS have shown a rapid rise of the structure function Fy(x, Q?) as x — 0.
In QCD, this rise is attributed to a rapid rise of the quark momentum
densities xq(z,Q?) in the proton, Fy(z,Q?) = Zq egxq(x,Qz) (eq is the
electric charge of quark type q).

The gluon density g(x, Q?) of the proton at small x and large Q? domi-
nates the scale breaking of Fy(z,Q?),

1

Qg 2 x T
e =D e © )/@[Pq (§)Q(yaQ2)+qu(§)g(x,Q2)]. (4)

dln Q2 2 Y

xT

Here, Py, and Py, are the quark and gluon splitting functions. The gluon
density has been extracted from the F5 data primarily by DGLAP type QCD
fits and has also been found to rise rapidly as x — 0.

Until recently, most of the information had come from data taken until
1994 and corresponding to about 2-3 pb~! per experiment. Now, analyses
have become available which are based on much larger statistics by including
data from 1995-96 running. Furthermore, the region covered in x, Q> has
been enlarged substantially; in particular, ZEUS, and also H1, have started
to map out the transition region from photoproduction to deep inelastic
scattering in the region of z = 1074-107%. Progress has also been made in
the measurement of the charm contribution to F» which provides for a direct
test of g(x, Q?) extracted with a QCD fit from the I data.
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3.1. Structure function Fy in the DIS regime

Figure 8 shows preliminary results for F as a function of x from H1 [23]
for 2 < Q% < 90 GeV? obtained from 1995-96 running which present a
substantial improvement over the 1994 data. The curves show the results
of a QCD NLO fit which describe the data well. In Fig. 9 the data are
displayed for fixed = as a function of @?. The QCD fit is seen to describe
the data well from Q2 = 2 GeV? up to 5000 GeV?2.
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Fig.8. Preliminary data from H1 for the structure function F» as a function of x

for fixed values of Q2. Also included are data from NMC. The curves show a QCD
NLO fit to the data.

The gluon momentum density xg(x, Q%) of the proton as determined
from the QCD NLO fits by H1 and ZEUS at Q®> = 20 GeV? is shown in
Fig. 10 together with a measurement performed by NMC at large . The
H1 and ZEUS results are found to agree within errors. The precision now
achieved for zg(x, Q?) is around 15% at = = 5.107*. The gluon momen-
tum density is seen to rise fast as * — 0. Other QCD NLO fits (MRSR1,
CTEQ4M), which include the HERA data, obtained similar results as shown
by the curves in Fig. 10. In the GRV94 model [25] the quark and gluon densi-
ties of the proton are assumed to have valence like distributions at Qg =0.34
GeV? chosen as the starting value for the QCD evolution. The GRV94 model
predicts a somewhat steeper rise than observed by H1 and ZEUS.
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Fig.9. Preliminary data from H1 for the structure function F, as a function of
Q? for fixed values of 2. Also shown are data from NMC, BCDMS and E665. The
curves show a QCD NLO fit to the data.

The production of charm quarks in DIS is believed to proceed predom-
inantly via fusion of the virtual photon with a gluon from the proton. The
charm contribution to DIS was determined by observing D* production in
a limited n® *,pf* region. The measured cross section o(ep — eD*X) was
extrapolated to the full range in nD*,plf* with the help of a QCD model.
Using the branching ratio for ¢ — D* measured at LEP and the cross sec-
tion o(ep — eceX) the charm contribution F$(z,Q?) is determined [24,26].
Figure 11 shows F¥ as a function of x for fixed Q? values between 3 and 170
GeV2. A comparison with the F, data shows that for Q2 > 7 GeV? charm
contributes about 20 - 30% of F5. This is in agreement with the ratio of 4/9
expected for a democratic sea assuming massless quarks and neglecting the
b quark contribution.

The curves in Fig. 11 show the prediction for Fy using the gluon density
as obtained from the QCD fit to F5. They are consistent with the data
providing an important test for the QCD analyses and fits performed by H1
and ZEUS on F5. For a recent discussion of the theoretical uncertainties in
the determination of F§ see [27].
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Fig. 10. Preliminary data from H1 and ZEUS for the gluon momentum density of
the proton as a function of x at Q% = 20 GeV2.
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Fig.11. The charm contribution F$(x,@?) to the proton structure function Fy
for fixed Q2 as a function of x as measured by EMC, H1 and ZEUS. The 1995
data from ZEUS are preliminary. The bands show the predictions (including the
uncertainties) obtained from the ZEUS NLO fit to the 1994 F;, data.
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3.2. Fy in the transition region between photoproduction and DIS

The structure function Fy(x,Q?) vanishes as Q% — 0, as can be seen
from its relation with the total virtual photon proton cross section, which is
nonzero for Q% = 0:

472
Q?

Measurements of Fy at small Q% and small z < 10™* were published by
H1 [28] and ZEUS [29]. Additional measurements were presented in [30].
Figure 12 shows F, for fixed x as a function of Q2. Comparison with phe-
nomenological models (see [4,29] for further discussions) showed that Vector
Dominance type models combined with a Regge approach (e.g. DL [31]) can
reproduce the Q?,z behaviour of F» up to @? ~ 0.5 GeV? but fail to re-
produce the steep rise at larger Q2. The QCD based model of GRV, on the
other hand, gives a good account of this rise. The comparison suggests that
the transition from soft to hard scattering occurs at Q? values somewhere
between 0.5 and 3 GeV?2.
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Fig.12. F, as a function of Q? for fixed values of 2. The curves show predictions of
the DL and GRV94 models and of ALLM which is a parametrisation of the HERA
data.
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Fig.13.  dFy/dIn@Q? as a function of x calculated by fitting ZEUS F, data in
bins of z to the functional form a + bln Q2. For each x bin the average Q2 value
is indicated on top of the figure. The linked points labelled DL and GRV94 are
from the Donnachie-Landshoff Regge fit and the GRV94 NLO QCD fit. In both
cases, the points are obtained using the same Q2 range as for the experimental
data. From ZEUS.
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gluon momentum density, zg(x, Q?) (hatched), as a function of x at fixed values of

Q? =1,7,20 GeV2. The error bands correspond to the quadratic sum of all errors.
From ZEUS.
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ZEUS studied also the scaling violations, dF5/dIn @2, in the transition
region [1,32]. The logarithmic slope dF,/dIn Q? was derived from the data
by fitting I = a + bln Q? in bins of fixed x for W? ~ Q?/x > 10 GeV2.
Figure 13 shows dFy/dIn Q? as a function of = (Caldwell plot). Also shown
(on top of figure) for each x bin is the weighted mean of Q2 (< Q? >) which
increases as x increases due to kinematics and detector acceptance. For x
values down to 3 x 10~* the slope dF} /dIn Q? increases as x increases. At
lower z (equivalent to lower Q%) values the slope decreases. The prediction
of the GRV94 model, for which dFy/dIn@Q? was determined in the same
manner as for the data, reproduces the data for x > 3 x 1074 (Q? > 8
GeV?). For smaller x, the GRV94 slope keeps on rising while in the data it
decreases.

In order to gain further insight into the scaling violations at low z and Q?
ZEUS performed QCD NLO fits using all their data with 3x 107> < = < 0.7
and Q2 > 1 GeV? together with those from NMC [33] and BCDMS [34]. A
reasonable description of the data was achieved by the fits. Figure 14 shows
the singlet quark momentum density (zX = z}_ [q(z) + g()]) and the

momentum density of the gluon as a function of x for Q? = 1, 7 and 20
GeV2. For Q? > 7 GeV? the gluon density is much larger than the singlet
quark density while at Q% = 1 GeV? the gluon density has become equal or
lies below the singlet quark density. Also, X is seen to rise as x — 0 for all
three Q2 values; zg , on the other hand, rises at @? = 7 and 20 GeV? but
may be flat at Q? = 1 GeV2. Such a behaviour was also found by [35].

One may tentatively conclude that at low Q?, of the order of 1 GeV?, the
quark sea drives the gluon density while at higher Q2 the gluon drives the
density of the sea quarks. However, this conclusion may be premature since
the fits did not allow for a contribution from soft scattering which could still
be substantial at Q? > 1 GeV? (see e.g. Fig. 12).

4. Diffraction in DIS

Diffraction has been studied extensively in hadron-hadron scattering at
small momentum transfers [36]. An elegant parametrization of the data
has been provided by the Regge formalism through the introduction of a
pomeron trajectory [37]. The hypothesis that diffraction may have a par-
tonic component [39] has been substantiated by the observation of high
transverse energy jets produced in pp scattering [40|. However, in hadron-
hadron scattering both collision partners are extended objects which makes
extraction of the underlying partonic process(es) difficult. In DIS, on the
other hand, the virtual photon has a pointlike coupling to quarks. HERA
offers a unique opportunity to study the partonic structure of diffraction
since it gives access to the regime of large photon virtualities and large en-
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ergy transfers between the virtual photon and the target proton in its rest
system, v = Q%/(2m,x) = 2 — 20 TeV.

Diffraction in virtual photon proton scattering has been studied at HERA
in the quasielastic processes v*p — Vp, where V. = p% w, ¢, J/¥,T. While
low mass V production (V = p° w,¢) contributes more than 10% of the
total cross section at Q2 = 0 [41] it becomes negligible at large Q2 [42].
However, diffractive dissociation of the virtual photon, v*p — XN (N=
proton or a low mass nucleon system), into a large mass My, first recognized
by the presence of a class of events with a large rapidity gap [43,44| remains
a substantial fraction of the total DIS cross section also at large Q2 [45].
This has opened a window for a systematic study of diffraction in reactions
initiated by a hard probe [45-51].

4.1. t-dependence of the diffractive cross section

The dependence of the diffractive cross section do«p_.xp/dMx on the
square of the four-momentum transfer ¢ between the incoming and outgo-
ing proton was measured by ZEUS by detecting the scattered proton in the
leading proton spectrometer (LPS) and the system X in the central detec-
tor [50]. The cross section is steeply falling with —¢ as shown in Fig. 15. A fit
of the form do«p_x,/dMx o exp(bt) yielded A = 7.2 4+ 1.1(stat) "3 (syst)

ZEUS 1994
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Fig.15. The diffractive cross section do«p—.xp/dMx for events with a leading

proton carrying more than 97% of the incoming proton momentum, 5 < Q2 < 20
GeV?, 50 < W < 270 GeV and 0.015 < 3 ~ Q?/(M% + Q?) < 0.5. From ZEUS.
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GeV~2. This shows that small momentum transfers between incoming and
outgoing proton dominate as expected for diffractive scattering.

4.2. Diffractive structure function and cross section

Isolation of diffractive events with the LPS is rather straightforward:
detection of a proton scattered under very small angles and carrying a large
fraction of the momentum of the incoming proton, zy = p=“*S /Pyeam > 0.95
ensures a large rapidity gap between the outgoing proton and the system X.
However, the event rate is limited by the acceptance of the LPS.

In QCD, diffraction is characterized by the exchange of a colourless ob-
ject, e.g. a colour singlet two-gluon system, between the incoming virtual
photon and proton. The exchange of a colourless system suppresses the
QCD radiation, and therefore the production of hadrons, in comparison
with nondiffractive scattering. Large acceptance for diffractive events has
been achieved by requiring either a large rapidity gap between the nucleonic
system IN produced in the forward direction and the system X detected in
the central detector, or by using the fact that in diffractive events most of
the hadronic energy is carried away by the system N which escapes detection
leaving behind, in the region of the central detector, a low mass system: by
measuring the distribution of the mass of the hadronic system observed in
the central detector the diffractive contribution can be separated from the
nondiffractive one. Analyses based on the first method were performed by
H1 [47,49] and based on the second method by ZEUS [48,51].

The results were presented in terms of the diffractive cross section

doy+p—xp/dMx and the diffractive structure function FQD(g) (zp, 3,Q%) [39].

The cross section for the process ep — eX N can be expressed in terms of
the transverse (T) and longitudinal (L) cross sections, a%‘ﬁ and O'%IH, for

v*p — XN as:

dofif _xn(Mx ., W.Q%) _ d(o$f + o)
dMx dMx
a (I-y)?+1 dMydnW2dQ?

Q

The diffractive structure function of the proton can be related to the diffrac-
tive cross section in terms of the scaling variables zp ~ (M% + Q?)/(W? +
Q%) and B ~ Q%/(M% +Q?). In models where diffraction is described by the
t-channel exchange of a system, for example the pomeron, xp is the momen-
tum fraction of the proton carried by this system and § is the momentum
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fraction of the struck quark within this system. One obtains [52]:

1 dggiif,HXN(MXaW’ Q?) 42 W2 i)

My dMx (Q2 + W2)2Q2" 2

(B2, Q%). (7)

For W2 > Q2% Eq. (7) can be written as:

1 dUd.iH_, (Mx, W, Qz) 42
Tt ~ 2(0)2 2 xZPFQD(g)(Bv‘TﬂMQz)' (8)
2M y dMx Q*(Q%*+ M%)

If FQD @ s interpreted in terms of quark densities then it specifies for a
diffractive process the probability to find a quark carrying a momentum
fraction x = Bz, of the proton momentum.

4.8. Diffractive structure function measurement by H1

H1 presented their results for v*p — XN in terms of the diffractive
structure function. The mass of the nucleon system N was restricted to

My < 1.6 GeV. In Fig. 16, xlpFQD(g) is shown as a function of xp for fixed

3 values and fixed Q? between 4.5 and 75 GeV2. The variation of x lpFZD ®)
with 3 and Q? is rather modest, indicating moderate scaling violations. In

®) i falling in the region zp < 1072 followed sometimes by

an increase for large xp values. The xp dependence of FQD ®) is related to
the W dependence of the diffractive cross section and, if analyzed in a Regge
approach, to the Regge trajectories of the t-channel exchanges. By writing
D(3 D(2 _ :
leFQ ( )(xzzv?ﬁ? QQ) = (C/xﬂv)'(xo/xzp)nFQ ( )(ﬁ7 Q2)7 n= 2(aP_1) if only
the pomeron trajectory o, (here averaged over t) is contributing. Because

D
general, xpF,

of the rise of xlpFQD @) seen at large xp, H1 concluded that in addition
to the pomeron a lower lying trajectory R is also contributing. The solid
curves in Fig. 16 show the result of a two-component fit to the data. The
dashed curves show the pomeron contribution alone as obtained from the fit.
The fit yielded for the intercept of the pomeron trajectory a,, (0) = 1.203 £
0.020(stat) + (0.013(syst) ") 530 (model), a value which is above the results
deduced from (soft) hadron-hadron scattering where o, (0) = 1.08 [38] and
1.09615:082 [53] was found.

A fit was performed to the data using a QCD motivated model, in which
parton distributions are assigned to the leading and subleading exchanges.
Figure 17 shows the resulting contributions to the parton densities of the
pomeron as a function of the fraction z of the pomeron momentum carried
by the parton. Within this model the majority of the momentum of the
pomeron is found to be carried by gluons.
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Fig.16. The differential structure function = — IPFQD ®) as a function of zp for
various 3 and Q2 values. The solid curves show the results from the two-component

Regge fit. The dashed curves show the pomeron contribution alone. From HI.
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Fig.17. The sum of the light quark and gluon distributions as a function of the
momentum fraction z of the pomeron carried by the parton at different values of
Q2. From H1.

4.4. Diffractive cross section and structure function measured by ZEUS

ZEUS determined the diffractive cross section and structure function for
v*p — XN where My < 5.5 GeV. The diffarctive cross section is presented
in Fig. 18 as a function of W for various Mx and Q? values. The diffractive
cross section rises rapidly with W at all Q2 values for Mx up to 7.5 GeV.
A fit to the form

do’fcyli%;—»XN(MX7mQ2)

_ h . adiff

where a® and the normalization constants h were treated as free parame-

ters, yielded a® = 0.507 4 0.034(stat) ™) 3 (syst) which corresponds to a
t-averaged @y = 1+ a® /4 = 1.127 + 0.009(stat) 7003 (syst). This value
is consistent with the H1 result since averaging over the t-distribution gives
approximately a, = a,(0) — 0.03.

The diffractive cross section was compared with the measured total
virtual-photon proton cross section. The ratio of the two cross sections,

My )
[ dMx do$i  \ /dMx

diff M
Thot = — o tot ’ (10)

P
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Fig.18.  The diffractive cross section doﬁiiﬁfj_}XN/dMX, My < 5.5 GeV, as a
function of W for different My and Q2 values. The solid curves show the result
from fitting the diffractive cross section for each (W, Q?) bin separately using the
form doﬁjiif)_, xn/dMx (W2)2™ where a®f and the normalization constants
were treated as free parameters. The dashed curves show the result from the fit
where a9 was assumed to be the same for all (W, Q?) bins. From ZEUS.

is displayed in Fig. 19 as a function of W for the different Mx bins and Q2
values. The data show that, for fixed My, contrary to naive expectations,
the diffractive cross section possesses the same W dependence as the total
cross section. The rapid rise of oy¢ with W, which is equivalent to the
rapid rise of F» as x — 0, in QCD is attributed to the evolution of partonic
processes. The observation of similar W dependences for the total and
diffractive cross sections suggests, therefore, that diffraction in DIS receives
sizeable contributions from hard processes. The same W dependence for the
diffractive and total cross sections was predicted in [54].

The diffractive structure function, multiplied by zp is shown in Fig. 20

as a function of zp for different values of 3 and Q2. xPFZD(?’) (7, 3,Q%) de-
creases with increasing x ,,, which reflects the rapid increase of the diffractive
cross section with rising W. The data are consistent with the assumption

that the diffractive structure function FQD ®) factorizes into a term depend-
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Fig.19. The ratio of the diffractive cross section, integrated over the Mx intervals
indicated, o3t = 717 dMXogif;éXN, for My < 5.5 GeV, to the total cross section
for virtual photonj\i)aroton scattering, rdiff = odiff/ ol
Mx intervals and Q? values indicated. From ZEUS.

as a function of W for the

ing only on z, and a structure function F2D(2) which depends on (3, Q?).
The rise of xPFzD(?’) with z,, can be described as xPFzD(?’) x (1/z )" with
n = 0.2534+0.017(stat ) 70055 (syst). The data are also consistent with models
which break factorization.

Figure 21 shows F2D(2)(ﬂ, Q%) = CE()F2D(3)(CC(],6, Q?) where F2D(3) was
evaluated at xpp = zo = 0.0042. The data show that F2D(2) has a simple
behaviour. For 3 < 0.6 and Q% < 14 GeV?, F2D @ i approximately inde-
pendent of 3. For 3 < 0.8 also, the data from different Q? values are rather
similar suggesting a leading twist behaviour characterized by a slow In Q?
type rescaling. For 3 > 0.9, the data show a decrease with 3 or Q2. The

approximate constancy of F2D @ for 8 < 0.9 combined with the rapid rise
of F2D ®) as x, decreases can be interpreted as evidence for a substantial
partonic component in DIS diffraction dissociation.

The data were compared with several partonic models of diffraction,
NZ [55], BPR [56] and BEKW [57]. Good agreement with the data can be



Recent Highlights from HERA Collider Experiments 2939

ZEUS 1994
& 008 NZ o BPR — BEKW
g Tk A\ B=0.24 | % p=0.62
™ 0.06 P\ i \
L % ‘ '
Q 0.04f
o

0.02 |-

0.08 [+
0.06 F
004 ¥
002

0.06 [
0.04 [
0.02F

0.08 :',‘ TTTT IRRTITT ERETTY MARTIT ARV MY
0.06 [\

60GeV? Q*=27Gev? Q?=14GeV? Q*=8GeV?

0.04[
0.02 -

p

T ——
4 3 2 1
10 10 10
XIP

Fig. 20. The diffractive structure function of the proton multiplied by z,,
T FQD (3), as a function of x,. The curves show the results from the models of
Nikolaev and Zhakarov (NZ), Bialas, Peschanski and Royon (BPR) and Bartels,
Ellis, Kowalski and Wiisthoff (BEKW).
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B
Fig.21. The structure function FQD(Q) (8,Q?) for v*p — XN, My < 5.5 GeV, for
the 2 values indicated, as a function of 3 as extracted from a fit to the measured

T FQD ® Values. The curves show the fit results obtained with the BEKW model.
From ZEUS.

achieved. The models provide a first glimpse of how the different components
may build up the diffractive structure function.

The Q? behaviour of z PFQD @) (z,8,Q%) is different from that of the
proton structure function F(z, Q?), taken at z = > Which rises gradually
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Fig.22. Top: The three components (¢q)r, (¢gg) and (¢g)r of the BEKW
model building up the diffractive structure function of the proton and their sum
F2D(2)(ﬂ, Q?) as a function of 3 for Q2 = 8,14,27 and 60 GeV?, as obtained from
a fit of the BEKW model to the data. Bottom: the same quantities as a function
of Q2 for 3 =0.1,0.5 and 0.9. From ZEUS.

with Q2. It is in broad agreement with the conjecture [54] that

FQ(I’ == xlpaQ2)

loz10 ()
In the BEKW model basically three components build up the diffractive

. D(3
structure function, x, F, ( )(ﬁ,'xlp,'QQ) =cr- Fq% +ecr - Fq% +cg- Fq:%g; ‘Fhe
three terms represent the contributions from transverse photons fluctuating
into a gq or a qgg system and from longitudinal photons fluctuating into a

qq system. In the model, the three terms are given in terms of zp, 8 and

leF2D(3) ('Ilpaﬁa QQ) X 5 where Qg = 0.55 GGV2 .
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Q? together with additional free parameters which were determined from a
fit to the data.

It is instructive to compare the B and Q? dependences of the three
components. Figure 22(top) shows cTFqF% (dashed), cLFq% (dashed-dotted),

ch(;%g (dotted) and their sum leF2D(3) (,3,Q%) at x,, = zg (solid curves)
as a function of 8 for Q? = 8,14,27,60 GeV2. For 3 > 0.2 the colourless
system couples predominantly to the quarks in the virtual photon. The re-
gion 8 > 0.8 is dominated by the contributions from longitudinal photons.
The contribution from coupling of the colourless system to a ¢gg final state
becomes important for 3 < 0.3. The last result is in contrast to the H1
observation (see above) that the large [ region is dominated by the gluon
contribution. Figure 22(bottom) shows the same quantities as a function of
Q? for 3 =0.1,0.5,0.9. The gluon term, which dominates at 3 = 0.1 rises
with Q2 while the quark term, which is important at 3 = 0.5 shows no evo-
lution with Q?, i.e. is of leading twist. The contribution from longitudinal
photons, which is higher twist and dominates at 3 = 0.9, decreases with Q2.

In the BEKW model the x,-dependence of the quark and gluon contri-
butions for transverse photons is expected to be dominated by the aligned
jet configuration [58] and, therefore, to be close to that given by the soft
pomeron. Writing qué o (wo/zp)% this implies ny ~ 2(@,*" — 1). How-
ever, perturbative admixtures in the diffractive final state are expected
to have a somewhat stronger energy dependence, leading to an effective
nr > 2(@,*°"% —1). The x, dependence of the longitudinal contribution
is driven by the square of the proton’s gluon momentum density leading
to nr, > np. The fit of the BEKW model to the data indicates that
transverse (longitudinal) photons dominate the region § < 0.8 (5 > 0.8).
Therefore different powers of n should be observed for the two regions.
Assuming n = np = ny ZEUS found n(8 > 0.8) = 0.46 £ 0.12 and
n(B < 0.8) = 0.27 £ 0.03, a result which is consistent with the theoreti-
cal conjecture but lacks precision. It is important to note that already at
Q? =8 GeV2, np(Q? = 8 GeV?) = 0.25+ 0.04 which is substantially larger

than the expectation for soft contributions, nsr = 0.152“&8%;1, indicat-

ing that the transverse and gluon components receive sizeable contributions
from perturbative processes.

5. Deep inelastic scattering at high-Q?, high-x

The results on structure functions of the proton presented in Section 3
have been obtained in NC scattering at Q2 values below 5000 GeV? in a
kinematical region which is dominated by photon-exchange. As one climbs
up to Q2 values of the order of M2 ,M%, contributions from vector-boson
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exchange become important. During 1994-96, H1 and ZEUS have collected
sufficient data for a first look at deep inelastic etp scattering beyond Q2
values of 10 000 GeV2. As Q? increases, finer and finer details in the pro-
ton (electron) can be resolved: for Q% > 10000 GeV? objects smaller than
2.10716, corresponding to a fraction of 10~3 of the proton diameter, can be
resolved. In this regime, lepton-nucleon scattering allows unique and sen-
sitive tests of the Standard Model (SM) as well as of certain extensions of
it [59].

First results for the high Q? regime were presented by H1 and ZEUS
in |60, 61] from data obtained in 1994-96 for integrated luminosities of 14
and 20 pb~!, respectively. Both experiments reported good agreement with
the SM predictions for Q% < 15000 GeV? and an excess of events in the
region of Q% > 15000 GeV?, z > 0.4.

With a luminosity of 14 pb~! H1 observed 12 events with Q% > 15000
GeV? where only 4.7 £ 0.76 were expected from SM calculations. Assuming
the SM to be correct, the probability for such an excess was found to be
about 1%. Further, these high Q? events tended to cluster around z values
of 0.4 - 0.5 corresponding to a positron-quark mass of M = \/xs ~ 200 GeV
which is suggestive for the production of a leptoquark or a R-parity violating
SUSY state. In the region 187.5 < M < 212.5 GeV, y = Q?/(zs) > 0.4, 7
events were observed where 0.95 4+ 0.18 were expected from SM processes.

The ZEUS experiment found for a luminosity of 20 pb~! two events with
Q2% > 35000 GeV? while 0.145 +0.013 were expected from SM. For z > 0.55
and y > 0.25, four events were observed compared to 0.91 + 0.08 expected.
In the SM the probability for such a fluctuation to occur in this kinematic
region was 0.7% and 8% for the entire region of Q% > 5000 GeV?2.

Thanks to the excellent performance of HERA, the data taken during the
1997 running period more than doubled the data samples. The preliminary
results from these data combined with those from 1994-96 were presented
by [1,2]. They will be discussed in the following.

The combined data from 1994-97 from H1 |2, 63| corresponding to a
luminosity of 37 pb™! yielded a total of 322 events with Q? > 5000 GeV?,
0.1 < y. < 0.9 ! which is consistent with the 336 + 29.6 events expected
from SM. The distribution of y. versus M, is displayed in Fig. 23. For
Q? > 15000 GeV? 22 events were observed while 14.8 4 2.1 were expected
which corresponds to a probability of 6% that these events result from SM
processes. Although the luminosity had more than doubled, the number of
excess events did not increase when the 1997 data were added.

The situation is similar with the data from ZEUS which correspond to an
integrated luminosity of 47 pb—! after adding the data from 1997. Figure 24

! The index “¢” indicates the determination of the kinematic variable by the electron
method.
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Preliminary results from ZEUS.
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shows the distribution of the events in the zpa,ypa 2 plane [62]. There are
440 events with Q% > 5000 GeV? to be compared with 396 4 24 expected.
For Q% > 15000 the numbers are 20 events observed and 17 + 2 expected;
for Q% > 35000 GeV? 2 events are observed and 0.29 + 0.02 are expected.
Hence, no new outstanding events were observed in the 1997 data.

H1 Preliminary
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Fig.25. Rejection limits for the branching ratio 5 vs mass Mg for a first gener-
ation scalar leptoquark. From HI.
H1 used their data to place an upper limit on the branching ratio § for a
possible leptoquark coupling to e™d or eTu. The cross section for production
of a scalar leptoquark by e™p scattering can be written as [64]; for a scalar

LQ:
do(ep — LQ) 1 M s

dxdy - 32—7Tq(x, y) (xs — M%Q)2 + MzQI’%Q ’

(11)

where ¢(z,y) is the density of quark ¢ in the proton, Mg = xs and 'z
are the L@ mass and width, and A measures the eq coupling strength for a
particular combination of the e and ¢ helicities. Figure 25 shows limits on
B as a function of the mass Mg for A values of 0.1 and 0.05. Also shown
are recent limits from the TEVATRON [65,66]. For small values of ( the
H1 limits are more stringent.

2 The index “DA” indicates the determination of the kinematic variables with the
double-angle method.
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In conclusion, integrated luminosities of 50 - 100 pb~! are now required
in order to either confirm the earlier excess of events at high-x, high-y or to
lay the matter to rest.

I want to thank J. Bliimlein and T. Riemann for a very enjoyable stay at
Rheinsberg. Discussions with T. Doyle, H. Kowalski, B. Surrow, Y. Tsipolitis
and W. Zeuner on the HERA data presented at the DIS98 Workshop in
Brussels have been very helpful in preparing this talk.
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