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d*a G My, _
dedy — 27 (Q? + ME ) ?

[(F=y)Fa(e, @)+ 2 Fi(e, Q%) k(v — /2 P, Q)]
I neutral current (NC) interactions of charged leptons
Lhe parity violating strueture function Iy can be
negleeted in mosk experiments due Lo dominance of
virtual photon exchange. In this case the correspouding
formula is obtained by replacing %’%_(Q%*‘%?F by
4?:1'2/(24‘

The structure functions &2 and Fy are related by
(Fa — 20F)/208, = R, where B = aifer is the
ratio of cross sections of longitudinally and transverscly
polatized virtual phiotons.

In the present talk | do not atiempt to give a
systematic review. 1 rather select some topics which
I find especially important and interesting or which are
directly related to present work at HIERA.

The paper is structured as follows:

L section 2 Lhe experiments are shortly discussed which
led to the discovery of Bjorken scaling and the point
like constituents tn the nucleon, followed by the first
evidence for scaling violations.  Seclion 3 reports on
sotme very carly stalements concerning gluons.  The
discovery ol nuclear effects in lepton scattering s
reclled in section 4. Recent fixed target results,
especially on the Gottfried and Gross-Llewellyn Smith

X

sum rules, followed by results on structure functions
abtained at HERA are discussed in sections 5 and 6,
Section 7 reports on carly jet observations up to the
determination of a, from jel rates at HERA. Finally
[ prosent in section 8 results on clectroweak coflects in
vlectron scattermy from SLAC in 1978 and from HERA.

2. From First Indications of Scaling to Scaling
Violations

24, The Tuue before Qbscrvation of Scaling

In the sixties electron scattering experiments were
perforined at various labs detecting the electrons in
magnetic spectrotucters of simall acceptance (typically
I se and about 10% 1o mementum).  The first
mberest was, i the tradition of Holstadter’s forn factor
measerements, to explore clastic ep scattering. Belore
SLAC came Lo operation, it was shown that the nucleon
forim Tactors decreased rapidly with Q% in particular the
magnetic form factor of the proton, G (Q%), was well
deseribed by the "dipole formula”

Gar(Q?) = 11+ Q*/0.71Cev?)?
up to Q* = 10 GeV? [2]. But no deep insight resulted

fromn these apalyses ab Lhe time, especially no hint for
point like nucleon substructures.

Lowering the magnet current of the spectrometers,
higher mass final states could be observed showing reso-
natice structures familiar from pion-nucleon scattering.
Typical energy spechra Laken al CIEA in 1967 (3] at dir-
ferent incident encrgies but fixed scattering angle are
shown in figure 1.
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Figure 1. Encrgy spectra of scallered clectrons ol ¢ = 31°, with
different primary energics, (CEA, 1967 [3])

At that thue there was no general anderstanding
how nuelear constituents like quarks might manifest
themselves in such data (allthough the basic concept
of scaling was anticipated by Bjorken already in 1966
[4}, sce C. Llewcllyn Smith, these proceedings). It
15 however interesting to note, that already these
data showed patterns which were later interpreted as
the eflect of point like substructures of the uucleon.
The clastic peak vanishes mmch more rapidly with
mcreasing Q% than the higher resonances or the inelastic
continuum at W 2 2 GeV. It was explicitly pointed oul,
by a DESY-group [5], that the higher the value of W,
the slower the decrease with @2, quite different. fror Lhe
natve expectation fron clastic forin factors.

2.2 Observalion of Scaling

The break-througl came with Lthe data from SLAC
presented by W. Panolsky al Vienna, 1968 [G]. They
were taken al higher coergies than available belore
and showed (figure 2) that the structure Tunction /7

approximately was a function of & only, independent
of Q* (“scaling™), as expected by Bjorken 4, 1]



The rvelevance of this obscevation was well seen and
considered as “indicative that point-like inleractions are

being involved™ [6).
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Figuve 2. First obscrvation of sealing, 0.7 € Q% < 2.3 G V2,
assurning =0 ond B = oo, SLAC data, 1963[6]

In 1969 more data were avadlable from SLAC [4],
showing scaling in a wider kinematic ronge. The concept
ol poinl-tike constituents was nicely supported also
by pictures like figure 3 [8], showing thatl indeed the
inelastic cross sections behave as expected from point
charges, contrary Lo the elastic ones. In the liutter case
the electron scatters ofl an extended object which s
kept intact in the interaction, corresponding to a rapidly
{alling proton form faclor,

These lindings al SLAC changed Llie perspeetives al
DESY considerably and approximate sealing could now
be observed also there, bul with inferior quality due to
lack of clectron encrgy {9].

2.3, Spin of the Coustitucnls

Very important conclusions on the spin of Lthe proton
constituents could be drawn already in 1969, The data
showed that the ralio R = or/a; 15 small which is
expected Tor spin 1/2 quarks (Callan Gross rule [10}).

This conclusion was possible by combiming large
angle data from DESY with small angle data from SLAC
(figure 4), and also hy‘ merpolation of SLAC dala alone,
as presenled first al the Electron Photon Conf.  at
Liverpool by R. Taylor [11].

2.4, Furst Observation of Scaling Violalions

The concept of spin 1/2 counstituents of the hadrons
was finally established by the resulls of ep scaticring
discussed above. Before, quarks were rather & lool Lo
classily hadrons, now they were more direetly fell in
scaltering processes.  T'he remaining deviations from
scaling led to elforts o lind belter scaling variables
besides, w = 1/e, with the aim to extend the kinematic
range where scaling holds [12].
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Figurc 4. R = o fo, DESY/SLAC, 1060 [11],

The unportanl experiinental effort was however to
test the scaling hypothesis seriously at high energies.
This was possible in the vew e bhean line at Fermilab
and led to first results in 1974 [13]. The experiment
was carclully designed especially for such o Lest. Muons
mcident on an ron {argel were measured in o magnetic
spectrometer. The data had been taken al Lwo bhean
encrgies, 56.3 GeV oand 150 GeV, with the apparatus
changed such that the acceplance and resolubion in
« stayed the sanme for the two cases with (Q° scaling
by the encrgy ratio (150/56.3). This was achieved by



changing appropriately the length of the spectromeler,
by introducing dummy malerial to increase multiple
scatlering at the tagh energy run.  Kven the target
length was changed suel as to keep the eveul rale
constant if scaling holds.

The results (figure 5) showed for the first time the
by now familiar pattern: at high x the cross section
decreases faster with @2 than expected from scaling and
the opposite al low .
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Figure 5. Sculing violations{13},1974. Event ratio af seme r,

different Q2. The date are also compared with a simulalion
assuming sciling,

Scaling violations were later confirmed by SLAC [14]
and further vesults from Fermilab [E3].

3. The Appearance of Gluouns

Already belore the development of QCL and belore the

observalion ol sealing violations gluons entered the game

via the sutn [ Fode. ls experimental value led to the
conclusion that there ave not just charged quarks iu the
nucleon. It s inleresting Lo note some carly statements

m thal context:

« I 1969 Bjorken and Paschos [16] studied this
integral and expecled for the proton in a simple
model, with N partons (valence plus symmetric sca)
of charges 4;, baving equal inomentum distributions

1 .
) 2
f Fode =< qf >=[1 + ﬁ(N -3H/N
0

oo 173 lor just 3 valence quarks. In view of the
experitnental data they then stated: “numerically
fd'.zrl"-_. = 0.16, yiclding a rather simnall mean-square

charge per parton”, bul refrained [rom any [uriher

comnment.

1970 Llewellyn  Smith [17], Dbased on the
sate arithimelie, stated that the data abllow lor
“neutral partons” with fraction ¢ of the non-valeuce
“background” with ¢ > 0.28 and 1/ < N > < 0.16.

o In 1971 Kuoti and Weisskopf [18] remarked, that
there ts “evidence for Llic presence of uncharged
partons (gluons) wilhin the proton  (Feynma,
private cotmnunication)” and derived that “about
1/3 of the momentum is carried by gluons”.

e |n

Meanwhile we know Lhal about Lalf of the nucleons
moementuntis carried by gluons. The Garganelle bubble
chanber reported 1975 [19] a value ofﬁ:m Fode = 0474
(.02 from v Freon data. llere the integral corresponds
directly to the gluon momentum fraction. Similarly an
carly QCD analysis [20] using Fermilab and SLAC data
gave a gluon momentum lraction of 144 at @ = |0
GeVe,

Later, on the basis of # data [21] from BEBC
and CDUS besides the Fermilab j data [15], the slow
decrease of [ Ffyde with Q? was considered as a trimnph
of QCD, as it excluded theories with sealar gluons or
non-abelian veclor gluons [22].

4, Nuclear Effccts

One ol the big surprises in lepton scaltering was the
discovery reported n 1983 [23] by the Buropean Muon
Collaboration (JEMC) that tron nuclei appear not sitnply
as the suin of thicir nucleons with some effcets of Ferd
motion: the nuclear environment modilies the elfective
¢ distribution of the quarks, scen by the scattered
muon, as shown i figure 6, in which % per nucleon
is compared for iron and deuteriu targets  [23].

This obscrvation was nol the result of a dedicaled
experiment. EMC had started its progran in 1979 wilh
an iron Larget, Tlien nearly one year faler, after aseries
of runs on hydrogen, EMC took data with a deuteriom
target, with the main ait Lo measure nfp cross seclion
ralios. 50 it was not steadght forward Lo deeide on the
basis of a small observed ellect (about £ 10U 1o 1H%)
Lhat an unexpected pliysics plicnomenon was discovered,
and 1L was only alter long systemalic studics and heavy
mternal discussions that EMC proceeded to publish in
January 1983.

It was even more surprising thal the resall was
confirmed only oue month later by A. Bodek et al. [24].
They were able to reanalyse extremely [ast old data
taken about 10 years before by the experiment 87 at
SLAC. In particular the control runs with empty steel
atd aluminium vessels of the deaterium targets allowed
to study Fe/D [24] and Al/D ratios {25] (ligure 7).
Besides the agrecment with EMC, the eflcet of Fermi
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smearing could nicely be observed at large z.
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The surprising result and its rapid conlivmation led
in the following years o an industry of both, experi-
mental mud theoretical work on the *EMC-elfect”. Ded-
ieated experitients followed at SLAC and the collabo-
rations BCDMS, EMC, NMC at CERN and EGGH at
Fermilab. Now precise data are available (sce e, fig-
ure 8 [26]) for many nuclei, spanning a large range ol &
{down to S107%) and Q.
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Some main characteristics:

e There is little or no Q% dependence of a(A)/e (D).

Nuclear shadowing is observed for 22004,

o I'he ratio a(A) o (D) increases with A hetween a &

0.1 and & 2= 4.2 and than decreases with A at larger

&, The elfects of Fernii motion get visible st £20.7.
o There is little or no dependence of 18 = oyfo ou A

The very first theoretical papers, appearing soon
after the BMO publicition, aimed for an explination
of the effect 1 terms of enlianced pion clouds v nucled,
which lead to more g pairs for & < Ay /M, [27].

It poes far beyond e scope ol this talk to cover
the present theoretical and experimental sibuation. |
refer to the excellent review of M. Arncodo [28) and the
discussions of this workshop [29].

5. Recent Fixed Target Daka

There 1s a wealth of daba avialable from melusive ¢,
and # scadlering, from “fixed targets”, which heautifully
conlirin witle very high precision the patterns of sealing
violation as predicted Dby QO The most precise
data, which are now mainly used in QOB analyses,
are from SLAC (eN} and the BDOMS, NMC (pN)
and CCFR (#N) collaborations.  Other expernuents
lave cither little statistical weight or larger systetuatlc



uncertaintics. There exist comprehensive recent reviews
by M. Virchaux {30], R. Voss [31] and J. Feltesse [32).
New N data, especiatly al low &, are comiug from the
665 collahoration [33).

I somewhat more detail 1 will ouly discuss recent
resulls on the Gross-Llellyn Smith suni rule and on the
Gottfried sum rule.

S0 Goltfried Sum and Flavour Symmetry
The Gottfeied sum [34]
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can be expressed in Lhe quark parton model, assuining
Isospin invartance, in terms of quark densities as

Sg = 1/3+2/3 / {a(x) — d(2))dx ,
Jo

which reduces Lo the valence quark contribution 1/3 for
a flavour symmetric sea. The results (ligare 9) obtlained
(991 by NMC and an unproved analysis in 1994 [35]
show that the QM value of 1/3 3s by far not reached
o the covered a range leading to

i
/ () — d{x))de = —0.147 £ 0.039 |
J 0

which unplies, that there is more sea of d than of u
favonr in the proton,
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Fignve 9. £7 — I (full symibols) and f:mm () = F)dafx
{open). NMC, 1990 (riangles) and 1094 {civeles) [35].

That the d-sea exceeds that of « was recently
also coneluded from the measured asynnuctry of Drell
Yau production on p and n targets [36] and the W*
chiarge asymumeiry m pgi collisions [37]). The results had
considerable tinpact on parton densily parametrizations.

Acccleration of deuterium nuclei at [IERA [38)
would allow to extend the test of the Gottlried sum rale
o much sialler & and would thierefore reduce very wch
the remaining uncertainty in the extrapolation to ¢ = ()
m the NMC results.

5.8, Groess-Llcwellyn Smith Swn tule

This sum rule, derived in 1969 [39], states that

1
Sers E] Fa(a)de = 3
B

As the quark content of Fy is the suim over gi{2) = gi{x),

the sum measures the miniber of valence quarks.

The sum rule is interesting at present for Lwo reiasons:

e There exist very precise dala (rom CCFR [40]:
Sers = 200 £ 0.018 £ 0078w Q% = 3 (leV?,
obtained from the difference of v and v cross sections
onaron (ligure 10).

e There exist next to next to leading order QCD
corrections [11, 42) to the sum rule which allow for
a precise deternnnation of ey, Lhe strong coupling
constaut, at small Q2

GLS Sum Rule: CCFR Dala al Q* = 3 Gev?

T T
El —~ .00
Yy ————_
2k
»
T
i
o: [ Fydx
b i Q: xby
o -
FY Fudx = 2.50 + 0.018 + §.9708
- . 1
16-1 10-2 -1 100

X

Figure 10. 1Y (open symbols} and fll Fyde (elosed) al Q2 =3
GeV2, CCFit [{0], 1893,

In fact the analysis of Chyla and Katacv [12] fed
o eMNEO(M ) = 0,115 4 001 £ .005 £ 003 +-.0005
(crrors: due to stalistics, systemalics, higher twist and
scheme dependence). This value is well compatible
and competitive with the world average (rom scaling
violations i1 DIS: o (A7) = 0.112 & .002 & .004 [13].

[t would be desirable to get a Q%) by evaluating
ts son rule at different iomentum transfors {see

also [33]).



6. F.at HERA

A new regime of deep nelastic scatlering (DIS) was
opened al HERA, where the range of Q% and /e is
mereased by aboul o Lactor 100 compared to previous
experiments. At high @ (21000 GeV?), r is in the
range of previous fixed target experiments and the new
cross seclions are predicted by perturbative QCD on
the basis o the previous ones. This allows for stringent
QU tests,

In the new small 2 domain (¢ < 107%), on the
other hand, the techniques of QCD caleulations are
nuder study, as terms log(1 /) may gel important in the
purturbalive expausion.  FPurtherniore new plicnomena
ey appear dae te very lagh parton densities,

Already in i 1974110 was denived (double logarithmie
asytnplotic scaling [44]) that Iy rises versus sinall £ at
high Q7 Tasler than any power of lag(1/2), but slower
than any power of 1/e. A strong rise of % al sinall &
could also be expected due to the BFKL cquations [45],
wlhich predict a growth of the gluon density like 1/\/.1_
by leading Loy (/@) sunanation. On the other liaad, the
wore traditional QD fits based on linear Q*-evolution
equations (DGLAP [16]), which where so successful
on former data, have little predietive power Tor the &
dependence unless further assumplions are made,
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Figure 11, Gluon density rg{x) at Q7 = 20612 fram
aerl-lo-leading arder QO fits. Results from Hi {crror-band)
and ZEUS [50] together with the parametrizetions CTEQIAM,

MRS and MRSG, From [52

The 1T and £1US collaborations reported indeed a
strong rise of o at small ¢ on the basis of data taken in
1992 47}, the lirst year of HERA operation. Now final

analyses of the 1993 data are available [48, 19], which
conlirm the former results. At small & a strong rise of
xg(x), where g{2) is the gluon density, bike 2=% with &
i Lhe range 0.2 to 0.4, 1s deduced from QO analyses
of these data [50, 51, 52} (figure L1).

For strongly increasing gluon densities, saluration
effects were expocted and discussed since 1930 (53],
According a simple estimate [5d] the proton is densely
packed with gluons if the x g(a) == 60Q% (Q% in GeV?),
Measured is ouly about 1/3 of that.

The data are remarkably well deseribed by fits based
on the DGLAP evolulion cquations and no experinental
evidence for a BFRL mechanism can be claimed yet.
For lurther details on the actual data, the guality of the
QOD fits cle. see [GH].

ICamght well be possible that the analysis of the
hadronie final stale sheds some light on these questions
due Lo dilferent ordering of parton energies and parton
transverse momenla in the dilferent QCD evolution
schemes (see [36, 57)).

7. Quark and Gluon Jets and the
Determiination of oy

7.1 Farly Jet Obscrvations

Jets in the sense of aspray of hadrons as materialisation
of quarks were first observed m 1675 [58] at the SPEAR
ete” accelerator. Gluon jeis got “visible” in 1979 hy
clean 3§ Jet events (Tligure 12) [69] at PETRA,

4iracks : o -5 tracks TASSO

4.0Gev’ : £3Gev

Figuve 12. Onc of the first 3 joi cven! obscrved in et e™ al
PETRA [59), 1979,

In DIS the situation was less clear due to the simaller
available centre of mass encrgies and/or simaller angular
acceptance for final state hadrons, Nevertheless, in the
years around 1980 it was considered as a very wnportant,
task to scarch for the patterns predicted by purturbative



QCD for the hadronic final state, with the hope to
support the quantitative QCD tests performed iu fully
mclusive DIS (detecting only the final state lepton).
a) herease of

From gluon cmission a sizable increase with W ol the
tranverse mowmenta of hadrons with respeel Lo the axis
given by the virtual photon and incident proton was
expected [60] and also scen in v [61] and p (62
scattering. The resalts (figure 13) for different z =
i g were well deseribed by models [G3] which
included QD matrix elements o order a, (figure 14).
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Figure 13. < p? > of hadrons in p and v scallering for J
vanges of = s function of W2 1946, Curves: Lepto-nindel
twrluding fivst veder QO mautrir clements weth diffevent
dsswmplions wn bransuerse Tuleinsie qrark moontoantn fﬁ.?]’.

b) Ivent Shape
As already observed in ¢te” interactions, flal events
were expected mothe hadronie centre of mass system
{OMS) due to gluon emission.  Sucli events and
the Tavoured plane of hadrons were searched for by
minnnizing the summed pi out of this plane [64]. Strong
tails were cobserved in the distribution of the pf-sum
in the event plane (figure 15,b)) whicli again were well
deseribed by inclusion of QCIY matrix elements of order
ac in the Lepto Monte Carlo model [65], but could not

casily be reproduced Just by different assumptions on

e 2
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Figure 14. Diagrums for pholon-gluen fusion (0} and the QCL)
Complon process (b) in first order of QCI.

the fragimentation process.
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¢) Encrgy Flow i the Event Plane
The flow of energy in the event plane (section b) above)
in the forward hemisphere of the hadronte OMS was
shown [64] Lo be collinided versus the forward (virlual
7 direction), correspouding Lo o current jel strueture
(ligure 16,a3).

contain a high pp particle (ligure 16,1))

Il however evenls are selected which
, i struchure
evolves which can be interpreted as the pattern of two
forward jets (the proton renuast jet s not accepled),
Indeed sucli a structure was predicted in the Leplo

model, it lirst order QO malrix elements were meluded.

To sutumarize, the details of the hadronie liwal state
(points a) Lo ¢}} as observed 1 the carly cighities gave
very satisfying qualilative support to the quantitalive
QUD amalyses performed ininclusive leplon seatlering,
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Figure 16. Fiow of scaled chorged hadron energy < 2 > frad,
where = = p - p"""/p cqo du b)) > 1 track 05 requited with 31[2 > 2
Ge V2. Solid linc: Leplo model. [65] Dashed line: Quark jet
Jragmentation assuming smaell lavge pe duc to fragmentalion {o,

= 470 McV). From EMC [64], 1931].

7.2 First Jel analyses tm 1S

The EGGH collaboration at Fermilab iy
knowledge, the first Lo npply jel algorithins to data in
DIS [66]).  Events with “(2+41)" jets (2 observed jets
+1 proton remnant jet) were reconstructed using the
JADI algorithin [G8]. The observed jot rates and othier
ohservables were shown Lo be i agreement. with QCD
based models, comparable to the results of section 7.1.

A big next step was a deterniination of o (%) [67].
The [ distribution of jets was cvalualed on the basis
of a leading order QCD cakculation [601 The resulling
a (27) 1s shown in ligure 17 0 comparison to other
determinations, "Uhe 15665 resulds it heantilully into the

was, Lo

general picture, bul the questions remain, whether the
process is hard enough for a reliable purturbative QCD
calealition (< £, >a& 3 GeVE for the 2 observed jels),
whetlier Lthe reconstructed jets can directly be identified
with partons, and what the mfluence of next to leading
order corrections might be.

7.8, Jel analyses and o, determination al HERA

Due to the increase of W72 by about a factor 100
compared to fixed target experiments, the jets at
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Figure 17. a, vs. Q2 or us. s in case of ete™,
E665: solid points [67].

Hesults of

HIBRA have enough phase space Lo show up as distinet
structures.  Jet-jet masses are Lypically 20 GeV ousing
c.g. the JADE algorithia [68] with a jet resolution
parameber Yeue & 002 wilh m.}“’,w“( > Yo W2 Clean
Jeb structures are seen 1 Lhe encrgy flow with respect
Lo the reconstructed jel axis (ligure 18, [69]) or also
mdividual events {ligure 19).

The crucial point in the determination of a, from
the observed nnlti jet rates is the reliable reconstruction
of the underlying parton kinematies rom the observed
hadrons event by event. The Monte Carlo Model miostly
ssed so far for this purpose is tie LEPTO generator {70},
whitch contains m the *“MEPS” option the QU malrix
eletuents (ME) to order o (ligure 1) and “leading log™
parton showers (PS) to describe approximately higher
order cflects.

The reanaining problems are

o the model dependence in the corrections from jets
to partons,

e Lhe approximations in the treatinent of Lhe parlen
showers and Lheir matcehing 1o the ealeulation hised
on the matrix clements.

Nevertheless the 111 collaboration determined ar, (%)
{71] on the basis of a next Lo leading order calculation
of Lhe (2+1)-jet rale (2 observed jets +1 prolon remunant
jety using the program PROJEL of 13, Graudens [72)].
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To remove the uncertain influence of parton showers in
the Monte Carlo corrections aud to depend less on the
fragmentation of the proton remnant, a cul &4 > 10°
was introduced, whiere 05, s the polar angle of Lhe jets
with respect, to the prolea bean o the lab frame.

i ligure 20, o, (€7} is shown as function of Q% as
deduced Trom the fraction of 2+ 1-jet events. Tndeed o,
is "running” as expected on the basis of QT A value
a(My) = 0.123£0.018 was determined from the points
at F > 100 GeV?, Here the model dependenee of the
corrections is reduced. The result compares well with
results from LEP, a(My) = 0.119 £ 0.010, obtained
Mrom sinilae observables [73]0 7The HERA result adds
nothing tn precision to LER, but the comparison is a
relevant QCD test, as the two results are obtained from
different. processes with cither large tiine like or space
like virtual photon masses which set the renorimalization
scale,

The ZEUS collaboration las presented o very
detailed paper [69] on jet measurciients at high Q2. In
particular for (2+1)-jet events the scaling variables r,
;l.l](l I were S!-ll(li(:(] \’Vilwh

Iy :Qz/%]:‘"[:zﬂi/fz —Q—?___;_‘— !

where € 1s the momentum [raction of the incdent
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Figure 19, (2410) job cvent in the ZEUS dotector. Upper yraph:
stde vicw of the deteeor, the p beam conny from top {an the
figure). The lego plot shows the cucegy flow (cloctron an white,
dels bu'rr.n'k). Lower grapl: vicw sdowy the heam.

proton, which cuters the hard sealtering process, and

L5 (L = cos(8.4)
FEPpalr s = . :
Lf:l 15 (1 = cos(ll, )

[0 as showo i ligure 21 that the Moule Carlo miodels
and also the NLO PROJET caleulation deseribe the
data quite well besides the region of = < 01, where one
of the 2 Jobs is close to the proton beam direction. The
[l collaboration Las removed this wneertain region by
the cut 0,¢ > 10° (sce above). ZEUS at this stage [69]
relrained Lo deternine a, i view of this diserepancy
with PROJET.

This is certainly nol the end of the story and abready
at this workshop new analyses have heen presented [74,
H6].

8. Electroweak Effccts in ¢V scattering

Llectron nucleon scablering s dominated by the eleetro-
magnetic one photon exchange at Q% £ 7. To obscrve
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weak elfects, cither extreme precision is needed or very
Ligh energics must be available as c.g. al HERA.

8.1 Parily non-conscrvalion m od scallering

Ouc of the high lights of cleclron scatbering was the
obscrvation of parity vieolation in ed seattering i
1978 al SLAC [75]. Longitwdinally polarized clectrons
were scallered from an unpolarized deuaterium targel
(figure 22). Only a tiny polarization asymmetry aof
A 1077Q%, with 1 < Q% < 1.9 GeV?, was expecled.
Therefore extreme statistical accuracy and very sinall
systeinatical errors were required.

A Gallium-Arsemde source, pulped by circularly
polarized laser hight, supplied clectrons with i polar-
izabion of 37%. The sign of the polarzation could he
changed randomly on a pulse to pulse basis, Aller aceel-
eration about 10% electrons were scattered per see inlo
a magnelic spectromcter (fgure 22). They were not
counted, bul the oulput currents of a Cerenkov and o
“shower counter™ (calornmeter) were integraled. 14 could
be demonstrated ou the 107 level that the asymmetry
followed the changing orientation of the clectron spin,
both by polarization changes al the source and due 1o
the g — 2 electron spin procession in the 24.5° dellection
in the beam, whiclh led to different spin oricnlations al
the Larget as lunction of bewn cuergy.

The measured asymumetry

AJQF = (9.5 £ 1.6) 1077 Gev™?

showed that electrons indeed prefer to scatter  Jeft
handed as predicted by the Glashow-Salann-Weinbery
(GSW) electroweak theory.  The Weinberg angle was
deduced corresponding to

sin®0w = 0.20 £ 0.03

This beautilul experiment gave unportant support
[or the eleetroweak theory, well belore the confirmalions
al the ppoand ete colliders.

At TTERA large effects in such asynunctry measure-
ments al Q¥ = 107 GeV? are expected and will he mea-
surable with polarized clectrons and lumninositics of or-
der LOpb—t.

8.2, Scurch for ¢ffects of the propagalor mass in
churged curvend inleraclions

Alrcady in Lhe sixties people scarched for deviations
of the tolal #N cross scction from Che lincar sise
proportional to cuergy as o trace of an exchanged
particle (*1VDB”, intermediate vector boson, al the time)
in chargedyeurrent (CC) interactions. That the wass
of the exchanged particle was Tar 100 heavy (o be
observed that way, could be nnderstood only aller the
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Figure 22. Ezperimental sel-up at SLAC, 1978, for ed
seatfering with polartzed beam and wnpolarized target {75].

the discovery in 1973 [76] of weak neutral current (NC)
interactions,

At the 1976 Renconlres Moriond, V. Brisson
presented [77] an analysis of NC vN and oN from the
Garganmelle bubble chamber [78].

Assuwiiing Voaud A couplings the NC cross seclion
can be written

lo o N G M ['l'u 3

dolv ) _ Gr M (AL + Ap(l —y)7)
dy T

la(N Gr My Iy -

Aol N G My By (= ) 4 )
dy T

The Gargamelle result {figure 23) for the left and
right handed couplings A;, and Ap excluded pure
ANV VA and alse V-A theories, and this gave strong
support. Lo the GSW o model.  That the mass of the
exchanged boson was very heavy was than obvious from
the resulting Weinberg angle (sin?fy = 0.28 £ 0.05)
from which the W mass could be calculated as

My = (373 GeV)Y* fsin®0w = (70 GeV)?

Pure V + A
AR 1
.9
. P v
2k Jeinberg — ure
g or Pure A
27
-1 A
4?"&\
5 o
3
! ° Pure V -~ A
y .4
24 .2 ] AL

Figure 23, Delermination of Right handed and icft hunded
couplings from nentral current v dala of the Gargamelle bubble
chanber as presented tn [77],1976.

AL HERA CC mteractions are studiced by the iuverse

neutrino inleraclions

eTp— v, X and ety X

Thie mpressive event at Q7 a2 20000 GeV? shown in
figure 24 illustrates that such CC events can be delected
by hadron jets with large missing transverse momentum
duc to the escaping v or o,

3

(4]
W

= T__ € ")‘
< I

Figure 24, event of the reaction ¢t p — wo X in the Hi
detector. Top: sidevicw, p bewn from belviw (i figure ). Bottow:
View along p beam.

The reduction of the total scctlon by
the W-propagalor can be scen al HERA encrgics
(figure 25) [79]. 1t could also he demonstrated [80]
(fignre 26) that at momemtum transfors Q° of order
M3, M2 Lie rp NC and CC cross sections are of similar

Cross

magnitude, quite dilferent Trom low 7, where, due to
photon exchange, NC dominates over CC by about a
[actor 1000,

Furthermore it was measured [81] that the cross
section for e7p — v N s aboul 2.3 times larger than
that for e*p — 6, X for the given kimematics ol HERA,
e agreement with the expectation from the standard
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Figure 26, Neutral curvent (sofid) and charged curvent {open)
€T p cross soction as funclion of QF [80].

model taking into accounl the quark content of the
proton amd the couplings of W and W-.

The ncasurements at HERA of clectroweak phe-
nomena are just starling and have not reached e pre-
cision of ete™ and prcollider and fixed targel v experi-
wments, The results are however very valuable already
now, as the standard model is tested at large space like
womentwmy transfers, a regime little explored so far,
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9. Concluding Remarks

Looking back into the history of decp inclastic scatter-
ing, we notice that the wost important discoveries were
made in the late sixties and carly seventies. Starting
with scaling (1968-69}, assignment of spin 1/2 to the
constituents (1969), discovery of weak neubral currents
(1973) up Lo scaling violations (1974), the most funda-
mental observations of DIS were made in a few years.
Looking aside, we notice thal in this productive time
also the c-quark was finally discovered in 1974 (having
left some traces long before in di-g-cvents in v scibicr
ing, i the Drell-Yan process and in R in cte™) and Lhe
7 lepton in 1975, The cightics saw less unexpected ex-
perimental effects in DIS, to mention are in particular
the nuclear "EMC-cfTect” (1983) aud the EMC results
on the nucleon spin of 1988,

In the lale seventies and eightics the patlerus
predicted by QCD were beantifully borne out by the
experinients which produced preciston dada on /% and
Fyin a wide kinemaical range. Bul the basic theorelical
concepls of QCD had been developed already in [072-
L9735 sven the DGLAP and BFKL evolution vqualions,
the applicability of which to low & data we just discuss,
are around 20 years old by now.  Saturation due o
high gluon deusities was discussed already i 1981 [53].
Stwilarly, to probe the pomeron structure as done
recently al HERA [82] was proposed already 10 years
before [83).

However the basic old theoretical concepts do not
allow for lir predictions in all the new HERA regime.
lor example the rise of /% and the gluon density at
low & canie for many as a sarprise, in spite of geuceral
QCD based arguments [44]. Similarly the phenomena of
final states, c.p. jeb ordering or patterns of dilfraction
are clillicult Lo predict from basic QU principles,
but experimental data may clucily the appropriate
application of thein.

At high Q% HERA provides stringent tests of
QUD aud of the clectroweak theory, both in struclure
functions aund by the analysis of the hidronie final state,
witl lucreasing precision in the foriheoming yoars.

HERA has a very rich and interesting program
from which 1 mentioned only a fraction in this talk. |
therefore think we arc in the proper time and town to
update the the very old judgement of Paris:

“Hera is miost beautiful”™,
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