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Abstract

With the ep collider at HERA the deep inclastic scattering (DIS) process can be studied at much
higher values of the v*p centre-of-mass energy, W. This allows not only to measure the proton
structure function F3; in a new region of the Bjorken scaling variable z and the four momentum
transfer Q, but also to test the perturbative QCD effects in the hadronisation more extensively than
in fixed target DIS experiments. The measured strong rise of F towards small = at fixed Q2 is
related to the strong increase of the ¥°p cross section with W2, which is in marked contrast to the
observed behaviour of the photoproduction cross section. Recent results on these topics from ZEUS
and H1 are presented and dicussed. In the DIS event sample a class of events characterised by a
large rapidity gap between the observed hadronic final state and the proton direction (LRG events)
was found. First results on the cross section and the analysis of the hadron distributions of these
species of DIS events are shown. In particular, the question is addressed, how these events can be
interpreted and which conclusion concerning the nature of the pomeron can be drawn.

1 Introduction

Deep inelastic lepton nucleon scattering (DIS) experiments have played an important role in exploring the
nuclear substructure and testing QCD by measuring inclusive and semi-inclusive distributions {1, 2, 3]. At
HERA, which is the world first ep collision machine, centre-of-mass energies of 300 GeV can be reached
as compared to about 30 GeV in fixed target experiments allowing the study of DIS in a new kinematic

regime.

The basic deep inelastic ep scattering process is illustrated in Fig.1 and the variables used to describe the
process are defined in Table 1. The incoming electron couples to the proton by the exchange of a virtual
boson (v, Z° for neutral current (NC) and W# for charged current (CC) reactions). Here I will discuss
only NC reactions in the kinematic range, where the 4*-exchange is dominant. The internal structure
of the proton is probed by the photon at a resolution which is proportional to 1/ \/Q—z, where Q? is the
negative square of the four-momentum transfer between the electron and proton. In the quark parton
model (QPM) the photon couples to a quark in the proton, which carries the fraction z of the proton’s

light cone momentum.
Fixed target experiments have been limited to values of 21072 at Q224 GeV?. At HERA the measure-

ments can be extended to z ~ 10~* at Q% =~ 10GeV?. This allows to investigate strongly interacting
objects at high densities and values of Q?, where the strong coupling constant a, is sufficiently small to
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Fig. 1. Schematic diagram of deep inelastic ep scattering.

Variable Description
L Four-momentum of incident (scattered) lepton
P.M, Four-momentum of proton and its mass
QP =—g=-(1-0)7 Negative invariant mass squared of exchanged virtual boson
z = Q%/(2Pq) Bjorken scaling variable
y = (Pg)/(P) Inelasticity parameter
WZ*=(P+gq)? square of the 4" p centre-of-mass energy
= Q*(1 — )/ + M} | invariant mass square of the hadronic final state
p four momentum of the outgoing leading proton in LRG events
2pom = 1 —P'/P fraction of the proton momentum transfered to the y*
B =2/2pom in the pomeron exchange picture: fraction of the pomeron momentum
carried by a constituent of the pomeron
Mx = (2pom P + (,qr)2 invariant mass of the hadronic final state observed
=Q*(1-B)/B

Tab. 1. Definition of the variables to describe the kinematics of the inclusive DIS process (upper part) and of the
LRG cvents discussed in section 4 (lower part of the table).

apply perturbative QCD. Furthermore, the vast increase of invariant mass of the hadronic final state, W,
significantly enlarges the potential for testing QCD in semi-inclusive DIS processes.

In this report I focus on recent results on DIS from the H1l and ZEUS experiment at HERA, which
questioned our present understanding of the DIS process and might call for an refinement or modification
of the physics picture, to better describe the process. In the section 2 recent measurements of the proton
structure function F, and the total photon-proton cross section are discussed, in section 3 selected results
from the analysis of the hadronic final state are presented. The section 4 is devoted to the discussion
of inclusive and semi-inclusive distributions of DIS events, which are distinguished by a large rapidity
gap between the hadronic final state observed and the proton direction (LRG events). In the last section
the conclusions are given and some questions are discussed, which have been raised in view of the new

experimental results at HERA.

2 Inclusive DIS Cross Section and F,

The results on the proton structure function F; presented here have been determined mainly from the
83 data sample, which represents about a twenty fold increase of integrated luminosity over that used for
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the first F3 measurements [5, 4}. Using data of 1994 with the interaction point shifted w.r.t. the nominal
position, it was possible to extend the measurements to lower values of Q? (2 GeV?).

The inclusive DIS cross section can be written in the following form:

d’c  2xa*(1+1-1y)?)
dzdQ? 20"

The term 8z represents the contribution from the parity violating structure function F3 arising from
the Z° exchange which is for the Q? bins shown here negligibly small. However, the correction for
the contribution from the cross section of longitudinal polarised photons (dpr) and the QED radiative
correction (4,) have to be considered. They are function of z and Q? but are, to a good approximation,
independent of F,. The measured cross sections are directly unfolded back to the the virtual photon F,
using equation 1 using a Monte Carlo event sample, in which the effects of acceptance and migration as
well as the correction terms dpg, z . are considered.

Fy(z, Q)1 — 6pL + 62)(1 + 6,) (1)
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Fig. 2. Proton structure function F; as function of x at fixed Q* from the HERA ep collision experiments [6, 7).
The results are compared with measurements of a fixed target DIS experiment [8] and with some PDF
calculations: M RSD' (full line) and M RSD; (dashed line).

The values of F, from the HERA experiments [6, 7] are shown in Fig. 2 as a function of 2 in the Q?
bins together with results from the fixed target experiment NMC (8]. The Figure shows a strong rise
of Fy with decreasing z at fixed Q2. This behaviour is in striking contrast to to the almost constant
behaviour seen in the fixed target experiments at larger values of z. The curves of the M RSD! (full
line) and the M RSDj (dashed line) parameterisation of the parton distribution functions (PDF’s) [10]
which represent roughly the two extremes of the parameterisations that fit the data at high z. In both
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Fig. 3. The measured F; values in bins of Q* (given in GeV?) from [6] compared with the GRV(HO) PDF
calculation [9] (solid line). For the six lowest Q” bins shown, the dashed line displays the results of the
GRV(HO) calculation modified for z < 10™> to consider the finite charm quark mass.

calculations the PDF’s are evolved from Q2 = 4 GeV? using the GLAP evolution equations [11]; M RSD'
starts the evolution with singlular parametrisation for the sea and gluon distributions zq(z) — 212 for
z — 0 and with M RSD), a PDF which is 2g(2) — const. for z = 0. The data can be parameterised by
Fy oc 2~(0-35+40.1616Q%) which rules out the latter case. The increase of F; is well described by the GRV
prediction (9] (see Fig. 3), where the PDF’s are evolved from a very low value for Q:=103 GeV? starting
with valence like quark distributions and a small gluon component. The rise of F; is then generated
dynamically by gluon radiation and ¢ pair production as described by the GLAP evolution equations.
At the present state of the data analysis it is not possible to discriminate already between the BFKL [12]

and the GLAP evolution scheme.

The distribtion function of the gluons zg(z, @?), which carry about half of the proton momentum, can
only be extract indirectly, i.e. exploiting the QCD Compton and boson-gluon-fusion (BGF) process. At
small 2, z < 10~ 2, the BGF process dominates the scale violation. There have been three methods used
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Fig. 4. The gluon momentum density distribution zg(z,Q?) at a fixed value of Q? as determined from the ZEUS
data (left) and from H1 data (right). The methods used arc explained in the text. In the left figure also
the result of a global QCD fit from the NMC data [16] is shown.

to determine zg(z, Q%)from the scaling violation in F, expressed by the GLAP equation for singlet quark

distributions: dFy Qz) @)
z, a,
dzln Qz = o207 (qu ® F2 + qu ® Z q") (2)

the results of which are shown in Fig. 4:

e Prytz et al. [13] have solved the equation 2 in NLO considering only the second term on the right
hand side, which at small  dominates (denoted by 'Prytz NLO’).

¢ Ellis et al. have solved the full equation 2 in the momentum space in NLO assuming a form of F2
like: F; = bxz“° [14] (denoted by ’EKL NLO’). A fit of this form to the ZEUS data yields wg = 0.4

at Q2 = 20 GeV2.
* A global QCD fit to the F, data was performed, using also the NMC data to constrain the fit at
large values of = [15].
In a fourth approach the 2+1-jet cross section o241 was used to obtain zg(z, @?). > The cross section
0241 is related to zg(z, Q2) by:
T241 = (Qz)(CBGF * g(z’ Qz) + CQC'DC : Q(z: Qz)) (3)

where Cpgr and Cocopc are the LO QCD coefficient function for the BGF and QCD Compton process.
The contribution from QCD Compton events yielding 2+1-jet events has been statistically subtracted

2the notation 2+1-jet accounts for the fact that the target remnant jet in DIS is counted as an extra jet which is not
related to higher order QCD processes




using a Monte Carlo calculation and zg(z, Q%) was determined using equation 3 and the world average
value for a, [17].

The results for zg(z, @*)obtained from all four methods agree within the statistical and systematic errors.
A significant increase in the gluon momentum density function with decreasing 2 is seen in the range
4-10% < z < 1072, which is stronger than that observed in the NMC experiment z > 10~2. The results
show that the scaling violation is dominated by the contribution from the gluon.

o Q=0
= Zeus Yp
§ 10 “
< o 0.35 _aa-dq-;"’_'d
=} r . Q%=
(o) v + . - :Q:=3
I - A Q%45
vt g Ppast 00
% * PR Joies
10 E% O: Q=15
- &
o ’°'¢$°00 < ¢ ¢ + “ Q2=35
B A «
I a ¥ * A - Q=65
n D % A 4 -
4 1 Q=125
N R RS 2
I a] A v
- o e a
L &« A N
a + : Preliminary
- * v'
A
A _lllillll 11 llllll['l Illlllll Lk lllllll 4 1 llll_lll - Illllll 411
1 10 102 10° 10* 10° 10°
2 2
W (GeV"?)

Fig. 5. The total cross section for real photon proton (yp) and virtual photon proton (y°p) interaction at various
fixed values of Q. The data not marked are from low energy (fixed target) experiments.

At not too high values of Q%, where the contribution of the Z° exchange can be neglected, the DIS cross
section can be expressed in terms of the virtual photon flux times the total cross section a:":f , which
is sum of the cross section oz and or for scattering of transverse and longitudinal polarised photons,
respectively. The photon flux is well defined if the lifetime of the virtual photon is large compared to the
interaction time, i.e. 1/(Mpz) > 2Rp where Mp and Rp are the mass and the radius of the proton. At

small z, o7, Fis related to F; by:

L7 (2, Q%) = 01(2, @) + o1(2,Q?) = inf S Pz Q) (4)
Thus,
2
LPW, Q) ~ 2R (W, Q) (5)

QZ

where W =~ /Q?/z for small z is the total v*-p c.m. energy. Fig. 5 shows the cross section o/, ’as a
function of W?2 for fixed values of Q? ranging from Q? = 2GeV? to Q? = 125 GeV>. The results for the
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lower Q2 bins at high W? are based on the recent analysis of data with a shifted vertex position. At
high W2 well above any thresholds, where the above mentioned condition for the photon lifetime is well

satisfied, a’m is rapidly nsmg with W2. This is in marked contrast to the total photoproduction cross
section a’wt (Q ~ 0 GeV?), which exhibits a slow rise, compatible with the 132 dependence of the total
cross section in hadron-hadron interactions and the VDM prediction [18]. One of the most intriguing
questions which remains to be answered is, at which value of Q2 the steep rise of o7, Fwith W2 changes
to the slow VDM like rise observed for real photons.
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Fig. 6. Compilation of the cross section for elastic p° production in DIS and photoproduction as a function of W2
[19].

The total cross section is related to the elastic cross section by the optical theorem. At high W? the
exchange of the pomeron, which is assigned to diffractive elastic interactions, it dominant compared to
the exchange of other Regge trajectories. It is therefore interesting to compare the W2 dependence of
the cross section for elastic p® production, o(y? — p°p’), which is related to the total cross section by
the optical theorem, in DIS and photoproduction. A compilation of the data at different values of Q2 is
shown in Fig. 6. As in the case of the total cross section, a significant difference in the slope of the cross
section is seen. Again at high Q? the W? dependence is not compatible with the VDM prediction like
for real photons. There are several models which relate the vectormeson production at high Q2 i.e. at
a hard scale, to the gluon density in the proton (e.g. [20, 21]). If this turns out to be right, diffractive
processes at high energies may be described in terms of more fundamental processes and the nature of
what is called pomeron may become more elucidated.



3 Inclusive Hadron Distributions at High W and Q*

One of the primary goals of the analysis of the hadronic final state in DIS is the study of QCD effects
in the hadronisation. The observation of DIS events with a clear multi-jet structure is the most direct
evidence for hard QCD processes. Such events have been studied at high W and Q? and have been used
to extract the value of o, and the gluon momentum distribution [22, 23, 17]. With inclusive hadron
distributions the studies can be extended also to events, which do not have an unambiguously resolvable
jet structure, and the investigation of softer QCD processes. The production of a multi-particle final state
in deep inelastic scattering {DIS) is a complicated process which can not be completely calculated in the
framework of perturbative QCD. For modelling this process in Monte Carlo programs it is convenient to
distinguish two phases of the hadron formation, a perturbative phase for QCD processes on the parton
level at high values of @ and a non-pertubative fragmentation phase descriting the confinement of the
partons in observable hadrons.

The effect of QCD coherence [24] is observed in the Q? dependence of the charged hadron multiplicity
and of the In 1/z, distribution of charged hadrons in the negative hemisphere of the Breit frame [25, 26],
where z, is the hadron energy in the Breit frame scaled by Q/2. More recently the distribution of the
scaled longitudinal hadron momentum, zr, and the transverse hadron momentum, p; in the hadronic
centre-of-mass (h.c.m.) frame have been measured. The variable z is defined by: zp = 2pi/ W, with pﬁ
being the h.c.m. hadron momentum component parallel to the 4* direction. In fixed target experiments
it was found that non-perturbative QCD effects are mingled those of QCD radiation processes on the
parton level, which should be calculable in perturbative QCD [27, 28]. The sensitivity to the latter kind
of processes is expected to increasse towards large values of W.

102 ¢
] 3
g i ® NRG/ZEUS, <W>=120 GEV
j: B
Z 10 kb B NRG/H1,<W>=117 GEV
v E A LRG/ZEUS,<W>=120 GEV
A
% 1 =
10 | TEy
E < up DIS/ EMC, <W>=14 GEV ¥ ?”f’ L
2l * upDIS/E665, <W>=18 GEV ‘i’ ¢l
10 [
TN FEWYS NS NI T PR PrTE ST PEeT PR

01 0.2 03 04 05 0.6 0.7 08 09 1
Xp

c 410

Fig. 7. The zp distribution for the NRG DIS events measured at HERA by ZEUS (29, 30] and by H1 [31] at
< W >= 120 GeV compared to the result from a fixed target DIS experiment at < W >= 14 GeV [27].
The dotted line shows the prediction of the QPM calculation and the solid line that of the MEPS model
calculation. The zp distribution of the LRG events, which is dicussed in section 4, is also shown here for
comparison.

The zp distributions from various DIS experiments covering a large range of W are shown in Fig. 7. In
the data of the HERA experiments the class of events with a large rapidity gap between the observed
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hadronic final state and the proton direction (LRG events) are excluded and will be discussed separately
in section 4. While in the QPM the zp distribution is predicted to scale in W and Q? (dotted line in
Fig. 7), a significant violation of the scale invariance in the zy distribution is observed, which could
not be unambiguously identified in the fixed target experiments alone [27, 32]. In order to describe the
HERA results,it is necessary to consider QCD radiation processes as it is done in’ the calculation with the
MEPS Monte Carlo program (33] (full line in Fig. 7), where O(a,) QCD processes are computed using
matrix element formulae (ME) and higher order parton branching processes are simulated in the leading
log aprroximation (parton shower PS).

ZEUS 1993
— 10
. - ® NRG/ZEUS O NRG/H1
C?'J " A LRG/ZEUS & up DIS/EMC
A o
«3
* - —
'~
\Y
1
by 1
? f>
10-1 [ P Rl PR RN R YT Tl SNl Tl ERTE NU e

0 01 0.2 03 04 0.5 0.6 0.7 0.8 09 1
Xp

Fig. 8. The mean square of p; for the NRG DIS events measured at HERA by ZEUS [29, 30} and by H1 [31] at
< W >= 120 GeV compared to the results from a fixed target DIS experiment at < W >= 14 GeV [27].
The dotted line shows the prediction of the QPM calculation and the solid line that of the MEPS model
calculation. The zp dependence of <p;?> for the LRG events, which is dicussed in section 4, is also

shown here for comparison.

The p} * distributions have previously been found to be particular sensitive to QCD effects [34]. In Fig. 3
the mean square of p}, <p! 2>, is plotted as a function of zr. Again the LRG events are excluded
from this analysis and discussed later. The result for the non-rapidity-gap (NRG) events is larger by a
factor of 2-3 than the values predicted in the QPM (dotted line). The solid line shows the result of a
calculation with the MEPS Monte Carlo model [33], which agrees well with the data. At energies reached
in the fixed target experiment the values of <p}%> [27] are much smaller than those observed at HERA.
The comparison with the QPM predition, shows the contribution from non-perturbative QCD processes
which are large at low energies (EMC). At HERA energies, however, <p{ 2> is a good observable to test
different approaches to calculate the QCD processes on the parton level [29].

4 Large Rapidity Gap Events at High @?

In the NC DIS event sample a subclass of events was identified, which is distinguished by a large rapidity
gap between the observed hadronic final state and the proton direction. The fraction of these large-
rapidity-gap (LRG) events in the total DIS event sample has been found to be independent of Q2, which
shows that the production of LRG events is a leading twist process. The LRG events can be selected
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by imposing cuts on the variables (fmaz fmez < 1.8) and cos ¥y (cos 9 < 0.75). The pseudorapidity
3 of the particle (cluster in the calorimeter with more than 0.4GeV energy deposit) closest to proton
direction is denoted by 7ma. and the angle 9y is defined by cos 9y = Soipifl > pil (Fig. 9), where p;
is a momentum vector with modulo equal to the energy deposit E; in a cell ¢, which points from the ep
interaction point to a calorimeter cell 2.

| calorimeter P A

Fig. 9. Schematic figure of an LRG events as seen in the H1/ZEUS detector in order to illustrate the definition
of the variables fmar and cos 9 used to select LRG events.

The distribution of Mx, the invariant mass of the observed hadronic final state, is steeply falling, where
as the W and 7. distributions are flat. These are properties which are suggestive of diffractive events.
The absence of any multi-hadron production in the central and forward rapidity range in the LRG events
[35] indicates that there is no colour flux between the direction of the proton and the struck quark.

One possible interpretation of these events is, that there is a colourless particle with which the photon
interacts, whereas the proton remains unaffected like in diffractive interactions. This particle could be
identified with the pomeron, since diffractive scattering process amongst hadrons have been sucessfully
described by the pomeron-exchange picture. One can further assume that the pomeron is short living
quantum state with some partonic substructure, which is probed by the virtual photon, such that the
photon couples to a pointlike constituent in the pomeron. This would make the leading twist bebaviour
of the LRG rate plausible. In this picture the variables z,,m and 3 defined in Table 1 have the meaning of
being, respectively, the proton momentum fraction carried by the pomeron and the pomeron momentum
fraction carried by a poraeron constituent {see Fig. 10). Assuming as a working hypothesis, that the
LRG events are events with diffractive dissocation, one can use models for this process, such as the
POMPYT Monte Carlo program [36)] or the model of Nikolaev and Zakharov [37], to correct the data for
acceptance and selection efficiency and to extract the cross section for diffractive DIS. The background
of non-diffractive DIS events has to be statisically subtracted using a model for non-diffractive DIS, e.g.
the LUND model {33].

The cross section for diffractive DIS can be written in analogy to the non-diffractive DIS cross section in
the form:

: FD(S)(IG: Q% Zpom ) (6)

dis _4ma’1+(1—y)?
dBdQ%dzpom  Q* 2

where the cross section has been integrated over t = (p — p')?, since the information from the scattered

proton has not been used in this analysis. The function FP®) is shown in Fig. 11 as a function of

3the pscudorapidity 7 is defined by n = — In (tan %), where ¢ is the polar angle defined with respect to the proton beam

direction.
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Fig. 10. Schematic diagram of diffractive DIS process. The variables are defined in Table 1.
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Fig. 11. The function FPC}(8,Q?, 2p0m) as a function of z1p = Zpom for different bins of 8 and Q7 (from [38]).
The inner error bar shows the statistical error, the full error bar the statistical and systematic error
added in quadrature. The result of the fit F2®)(8,Q% zpom) = b« (1/Zpom)® is superimposed.

Zpom in bins of Q? and B. It can be fitted in all bins of Q? and 8 by the ansatz FP®) = b. (1/2pom)°
with a common parameter a, which was determined to be a = 1.19 & 0.06 (stat) + 0.07 (syst) [38] and
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a = 1.30 £ 0.08 (stat) 398 (syst) [39] by H1 and ZEUS, respectively. The results are consistent with the

assumption that the FP(3) can be written in the factorising ansatz as:
FPONB,Q% 2pom) = fpom/p(2pom) - FP (8, Q7). (7

In the pomeron exchange picture fpom/p is interpreted as pomeron flux, i.e. the probability to find a
pomeron in the proton, and FP(2) a5 the pomeron structure function. The function FP(2} has been
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Fig. 12. The function FP2)18.Q%) integrated over 6.3-107* < Zyom < 1072 [39] compared to the parameterisation
according to equation 8 (full line) and considering only the 8(1 — 8) term (dashed line). The inner
error bars show the statistical errors the outer bars show the statistical and systematic errors added in
quadrature. The data include an estimated contribution of 15% due to double diffractive dissocation.

obtained by integrating FP(®) over the measured range of Zyom using the fitted 2,,m dependence. The
result from the ZEUS experiment [39] is shown in Fig. 12 from the ZEUS data as a function of 8 in bins
of Q% and as a function of Q2 in bins of 3; similar results have been obtained from the H1 collaboration
[38]. As a function of Q2 for fixed 3 the values of FP(2)(B3, Q%) are approximately independent of Q* for
all values of B, which is consistent with a picture where the underlying interaction is the scattering of a
virtual photon with point-like quarks within the pomeron. The values of FP(2)(3, Q?) as a function of
B for fixed Q? are consistent with a flat 8 dependence as expected from the aligned jet model [40]. The
function FP(3)(B, Q?, 2pom) has been parameterisised in the following form:

FPOY(B, Q7 2pom) = (1/2pom)* b+ (B(1 = B) + 5 - (1= B)") (8)

with @ = 1.3. The parameterisation assumes factorisation and no Q? dependence. It contains a "hard”
component of the quark distribution function given by 8(1 — ) term, which has been already favoured
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by the studies of the inclusive properties of the LRG events [41]. The best fit of the 8 dependence of
FP®)(8,Q?) using only the quark distribution function shown by the dashed line in Fig. 12 does not
agree well with the data at low values of 8. By the inclusion of the soft contribution the x? value per
degree of freedom of the fit is significantly increased, which indicates that a soft component is required in
the pomeron structure function. The power of 2 was adopted from the mode! of Nikolaev and Zakharov

[37).

The approximate factorisation of FP(3NP.Q%2rem) and the flat B dependence of FP(2)8.Q%) 4t fixed Q?
is also expected in the model of Buchmiiller [42], which is not based on the pomeron exchange model.
It is demonstrated that the LRG events can be understood as (BGF) process, i.e. a leading twist,
ron-diffractive DIS process, where the gq cluster evolves with a certain probability into a colour singlet
parton cluster, which fragments independently from the rest of the nucleon into hadrons. Also in this
model FPG)(B,Q?, zyom) can be in a factorising ansatz like in equation 7. However, the terms acquire
a different interpretation. The pomeron flux factor fyom/p is replaced by an expression related to the
gluon density g(§ = 2pom ) and the pomeron structure function FP(2}(3, Q?) is identified with differential
distribution for the production of a ¢ pair with an invariant mass Mx = Q*(1 — 8)/B. In the pomeron
based models the hadrons are produced in the inelastic 4*-pomeron scattering, whereas in the model of
Buchmiiller the ¢¢ pair from the BGF process fragments into hadrons. In both cases the relevant scale
of the phase space available for the particle production should be Mx rather than W and the produced
hadron spectra should resemble to those of DIS at the appropiate scale of W, namely W = Mx. In Fig. 3
values of <p;?> as a function of zp from the LRG event sample 4, are compared to those from NRG
events at HERA energies and from an fixed target DIS experiment [27]. The result from the LRG events
at <Mx >= 8GeV is in a fair agreement with the that of deep inelastic ep scattering at < W >= 14 GeV,
whereas the values from the ep scattering at <W >= 120 GeV (NRG events) are much larger than those
from the LRG events. Also the zg distribution from LRG events and DIS at < W >= 14 GeV agrees
within the errors (Fig. 7). The slightly higher values for LRG events at zp2.0.4 can be well explained by
an effective quark distribution for the LRG events [29], which is harder than the quark distributions in a
proton. This confirms, on a qualitative level, the hypothesis arised above.

5 Conclusions

The large increase of the y*p centre-of-mass energy, W, which can be reached in DIS reaction at HERA
has shown a new regime of physics and reveals new phenomena. The rise of Fy towards small z at fixed
Q? signals a rapid increase of the parton densities, which can be explained by gluon radiation as described
by the GLAP evolution equations. The rise of F; is equivalent to a increase of o7, Pwith rising W? which
is in contrast to the W? dependence of 0';',:. The same qualitative difference in the W? dependence is also
seen for the cross section for elastic p® production with virtual and real photons. The extension of the
measurements of 0';';," to values of Q? of the order of 0.3 GeV? is most interesting to study the transition
between the real and virtual photon interaction with the proton.

The other very compelling observation in DIS events at HERA is the observation of large rapidity gap
events at high Q2. The mechanism for producing this kind of events is still not known. Roughly speaking,
there are two alternative approaches: the one is based on the pomeron exchange picture which was
successfully applied in diffractive hadron-hadron interactions. And the other interpretes the LRG events
as BGF, i.e. non-diffractive DIS events, with soft colour exchange which is reponsible for the decoupling
of the fragmentation of the ¢ system from the target remnant. In both cases the cross section can be
factorised as described in equation 7. With the present data it is not yet possible to measure the 8 and
Q? dependence with sufficient accuracy to distinguish between the different niodels.

4This LRG sample was selected by requiring fmas < 1.5 so that the background from non-diffractive DIS is < §% in
the kinematic region considered.
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However, not only a higher accuracy of the DIS cross section measurements is necessary, but also the
comparison of the results for DIS at low z with those of other high energy reactions and a more detailed
analysis of the structure of the LRG events. Considering the non-pomeron based model, the BGF events
exhibit a large rapidity gap, if the gq system fragments independently and the proton does not lose so
much momentum, that it breaks up and produces a multi-hadron final state with a high invariant mass.
This would imply that the fraction of LRG events should decrease towards large z at fixed W. It also
would be important to test, whether the probability of a colour exchange, which is assumed to change
the gg system from a colour octet to a colour singlet state, changes for DIS on nuclei. In order to test the
pomeron bases models, it is essential to compare the inclusive properties and the hadron distributions of
LRG events with those of diffractive hadron-hadron or photoproduction processes.

The investigation of NRG and LRG events have yielded exciting results and it can be expected that the
future experimental results test the proton structure and the dynamics of strongly interacting objects at
a very fine scale and considerably improve the understanding of other high energy reactions.

I am grateful to Claudio Ciofi degl’Atti for inviting me to this interesting conference and it is a pleasure
for me to thank him and his colleagues for the excellent organisation of this conference.
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