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ABSTRACT

The 1994 preliminary data of the HERA experiments H1 and ZEUS on the
proton structure function are presented together with the final data of the muon
fixed target experiments E665 at FNAL and NMC at CERN. Perturbative QCD
interpretations and extraction of &, at low z are discussed.

1. Introduction
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Fig. 1. Basic Feynman diagram for electron proton deep inelastic scattering. Q2 is minus the
squared four momentum transferred or minus the squared mass of the virtual photon. IV is the
virtual photon-proton centre of mass energy.

In lepton-nucleon scattering the lepton probes the structure of the nucleon with
a spatial resolution A ~ ﬁc2 where @* is minus the squared four-momentum of the

exchanged virtual photon (Fig.1). At HERA Q? can reach 90000 GeV? and A can be
as low as ~ 0.001 fm, i.e. 1000 times smaller than the size of the proton. In the case
of an elastic collision W, the outgoing invariant hadronic mass (Fig.1), is equal to M
the mass of the nucleon and v the energy lost by the lepton in the nucleon frame is
simply

QZ
U:m (1)

. . . 2 . .
In other words, using the Bjorken variable z = —2—%; the elastic cross section should

have a peak around z = 1. Similarly when the lepton scatters elastically off valence



quarks of the nucleon, the cross section should have a peak around z = % and go to
zero when z goes to zero.

More precisely, the inclusive differential cross section for DIS of a charged lepton oft
a nucleon is given in terms of structure functions as :
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where F, is the longitudinal structure function. The contribution from F is negligible
except at large y, where y is the fractional energy transferred to the photon in the
nucleon centre of mass. In the highest Q? range accessed by the present data (Q* =
5000 GeV?) the contribution of the structure function z Fj is still a small correction.
In the Quark Parton Model, the structure function F is simply related to ¢;(z) the
probability of finding the quark 7 in the nucleon carrying a fraction z of the proton
momentum :

Fy(z) = }: el z(qi(z) + &(2)) (4)

where e; is the electric charge of the quark i.

In the naive approach of quark constituents in the nucleon, the structure function
is expected to have a peak around z = 3 and to go to zero when z goes to zero or
to one. This naive approach of the z dependence has been well supported by the
lepton-nucleon data on fixed targets accumulated at SLAC, Fermilab and CERN up
to the late eighties. In 1992, the data from the electron-proton collider HERA has
completely ruled out this approach and demonstrated a dramatic rise of the structure
function when z goes to zero ®

In this review, some of the salient predictions of QCD on the z and Q2 dependence
of the structure function are reminded. Then, the most recent data on fixed target
and in collider mode are presented. Finally, the perturbative QCD interpretation of
the data is discussed.

2. Theoretical Expectations

Although the full z and Q? dependence of the structure functions is not given by
perturbative QCD (PQCD), there are many prescriptions which can be compared to
the data :

e (7 evolution

*The rise could have been anticipated from the latest results of the NMC collaboration at CERN



z evolution of the gluon density at very low z

asymptotic behaviour when z — 0

behaviour for z close to z =1
FL(ZE, Q?)

Non Singlet and Singlet Sum Rules

2.1. Q? evolution

Fig. 2. Diagrammatic representation of the gluon rungs contributing to deep inelastic scattering.

The Q? evolution of the nucleon structure functions is one of the basic predictions
of QCD, it has been initially derived in the language of renormalization group equa-
tions for coefficients of operator product expansions 1. An alternative derivation is
based on sum of quark and gluon ladder diagrams of the type shown in Fig. 2. In
the summation, gluons have ordered longitudinal momenta (momentum conservation)
but also strongly ordered transverse momenta

T<zn S S22 S 1
Q*> ki > k> > Q! (3)

The summation can be used in simulation programs to provide prediction on the

hadronic final states and provides the so-called Dokshitzer Gribov Lipatov Altarelli

Parisi (DGLAP) differential equations on Q? evolution of structure functions 2.
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In Leading Order (LO), for Non-Singlet ® structure functions F¥5(z,Q?), the
Q? derivative at fixed = depends only on the quark densities at momentum fractions
above z, but for Singlet °structure functions F5(z,Q?) , the Q? derivative depends
on both the quark and the gluon densities : -

OFMS(z,Q%)  _ a,(Q ) NS NS
8F5(3,Q2) _ al@? 1
alog(Q2) - g? ) T iyz |:Fs(yaQ )PS( ) +2nfg(yaQ )Ps(y)} (7)
0g(z, Q%)

o e (PG e R0 ©
where the Py, P;, and P,, are known splitting functions, ns is the number of flavours
and zg(z,Q?) is the gluon distribution. In parton language, the equations predict
that when Q? increases there are more partons at low z (z < 0.1) and less partons at
large z (z > 0.2).

The differential equations arise from the resummation of a series of (a, log(Q?/Q2))"
which is a priori only valid in the kinematical domain of the Leading Log Approxi-

mation (LLA(Q?)) defined by (see Fig.3) :

a,(Q%) log(Q%/Q3) ~
a,(Q%) log(1/z) < 1
a,(QY) <« 1 (9)

The validity of the DGLAP differential equations has been very precisely checked in
fixed target experiments and provided one of the best determinations of a, *. Before
data from HERA have become available at very low z it has been commonly guessed
that these equations would only be valid at about z > 1072 and Q? > 4 GeV™.

2.2. z evolution

At very low x the so-called Balitski Fadin Kuraev Lipatov (BFKL) equation 3 on
the z evolution of the gluon distribution has been derived in the kinematical domain

defined by (see Fig.3) :

a,(Q*) log(Q%/Q3) < 1
a(Q?) log(1/z) ~ 1
o (QY) < 1 (10)

®Non-Singlet distribution of the quark flavour group i1s a combination of q; — q; terms.
“The Singlet distribution is the combination of flavour symmetric terms Y. (g + 7).
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Figure 3: Schematic evolution of the quark densities in various (z,Q?) regions ac-
cording to the dominant dynamical effects. The dashed line is the theoretical limit of
validity of perturbative QCD. Picture borrowed to reference 1°.

The differential equation is based on summation of (a,log(1/z))" terms. It can be
written in the form

af(x’kg) . 12 57012 1.2 .12
T = a . dEZK (K5 K™ f(z, k™) (11)
with
o Org(e, @) ;
2= Fgton 1+ a2

The kernel (K, k') is a known function 3. Qo is an energy cut-off to prevent diver-
gence of the kernel at @* = 0. When z decreases, the equation evolution predicts a
steep rise of the gluon density.

As in DGLAP evolution, the evolution at small z can be described as a branching
process in the initial state, but with different orderings ™8, In the parton chain there
is no strong ordering in k2 but a strong ordering in z,

Tz, KLy KLy
Q*>kE> > kP> > QP (13)

The phase space available is larger than for strong transverse momentum ordering.
There is "diffusion” or "random walk” in transverse momentum along the gluon chain.
The difference of level of ordering in the gluon emission between DGLAP mechanism



(strong order) and BFKL mechanism (soft order) has been exploited to look for
signatures of the BFKL mechanism 2.

2.3. Asymptotic behaviour when z — 0.

A long time ago, in 1974, it has been demonstrated that non-Abelian gauge theo-
ries are asymptotically free !*. This is the fundamental property of QCD. A surprising
consequence '? of the asymptotic freedom is that, on the basis of certain uniformity
assumptions, the structure function F of the nucleon should grow faster than any
power of log 2 and slower than any power of % as z — 0. This crucial property of
QCD was forgotten for many years.

More recently '* it has been shown that perturbative QCD predicts that the
structure function F3 should exhibit asymptotic scaling in the two variables
\/(log 1/z)(log log Q?) and \/(log 1/z)/(log log Q?) at sufficiently large Q? and low z
values. The double scaling behaviour is derived provided that the small x behaviour of
the input distribution is sufficiently soft at some rather low Q* value (Q2 ~ 1. GeV?).
The growth of F; at small z is due to the collinear singularity in the triple gluon vertex,
it is thus directly related to the actual value of as. In the asymptotic region free
of non-perturbative uncertainties and where the data agree with the double scaling
prediction, the growth of F, can be used to provide a precise determination of «, (see
section 4.4).

A different approach at low z is to resum the (aslog 1/z)"™ terms as accomplished
by the BFKL equation. When the effect of the running coupling constant is neglected,
L.e. in a small range of Q?, the BFKL evolution equation of the gluon can be solved
analytically. The solution exhibits a Regge type 27 dependence with

M= og2 2 0.5 (14)

The quantity 1 + A is equal to the intercept of the so called BFKL bare pomeron
which is very different from the 1.08 intercept of the effective soft pomeron which
describes so well the energy dependence of all hadron-hadron and photon-hadron
cross sections '*. When the running of a, and the strict conservation of energy is
taken into account the exponent X is expected to be a bit smaller 151617

For completeness we should also mention that the rise of the gluon density has
to be damped at some sufficiently small value of z by saturation (shadowing) effects
when the parton density is so large that the partons can no longer be considered as
independent. The Gribov Levin Ryskin (GLR) equation '8 is the first attempt to de-
scribe the shadowing correction. It is a perturbative QCD calculation applied in the
transition region to the unknown domain of non-perturbative QCD (see TFig.3). Shad-
owing cffects are however expected to be relatively weak in the IERA kinematical



domain 191720,

2.4. Behaviour near z = 1.
Assuming that the structure functions behave as
Fa(2, Q%) ~ AQ)(1 - )@ (15)

for x close to = 1, the following counting rule has been obtained at leading order
: 21
in oy
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ve = vy +1 (17)
Vsea = Wy +2 (18)

where the suffixes V, G and sea are refering to the valence, gluon and sea distributions
and n; is the number of flavors. v, is not given by the theory, although one expects 22
vo ~ 2 to 3. These counting rules have not yet been precisely checked in the data due
to the very small rates at large .

2.5. Fr(z,Q%

In the naive parton model and in leading order of QCD the longitudinal structure
function Fp is zero. In next-to-leading order of PQCD Fy gets contributions in «,
from both quarks and gluons :

dy | 8 -
Fi(z,Q g, )I/ yy 3F2JQ ): (y—2)9(v, @Y. (19)

Fr, should vanish smoothly at large Q* as «,(Q?) and get sizeable contributions
at low z (z < 0.1) due to the increase of the sea and of the gluon distributions.
There are no measurements so far at £ < 0.1. In the HERA domain, to extract the
structure function F, from the cross section (equation 2) assumptions based on the
perturbative QCD expression (equation 19) are made.

2.6. Sum Rules

The moments of structure functions are defined as

M. (Q) = /1 " (2, Q%)dz (20)
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It can be demonstated in QCD that at leading order, moments order one (resp.
two) are Q* independent for Non-Singlet (resp. Singlet) structure functions 2 :

/01 Ci—xFNs(z,Qz) = JONS+J{VS%S?)+ (21)
|| doFsz @t = g5+ 529 (22)
Two usual Non-Singlet Sum Rules are given below :
e Gross Llewellyn-Smith Sum Rule 23 :
in neutrino-nucleon scattering
[ ZaFse0n =30 - @)1 (23)

QCD corrections are known up to &? terms **. It is one of the best ways to
extract a, from neutrino scattering experiment (see section 3.3)

¢ Gottfried Sum Rule 25 :

g 19 g _ (02
[ -ry = [ - )+ 622
0 3 3o

x m

(24)
where ky is a2 known minute constant 26.

The sum rule of the singlet function F§ is usually called the momentum sum rule.
The asymptotic value is not given by the quark parton model but by QCD :

377,f

1
[1:777,@2_)00/ FQS(I,Q2)CL’E = m
° “itg

(25)

] o

2=
<6q>-—

where < e? > is the average square quark charge on the ny flavors. There is however
no absolute prediction at finite Q2.

3. The New Data

New results on the proton structure function Fy(z,Q?) have been published in 1995
from the CERN muon scattering NMC experiment 27, from the FNAL muon scat-
tering E665 experiment *®, and from the electron-proton HERA experiments H1 2939
and ZEUS °'. We can see (Fig. 4) that the z,Q? bins of the HI data have closed
the kinematical gap between the fixed target data of 5665 and the HERA results.
Together with the well established results on fixed targets from the BCDMS 2% and
SLAC % experiments the (z, Q?) region of the new data extends to
0.3<@*< 10 GeVland 5 1075 <z <0.8.
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Fig. 4. (z,Q?) regions where data from fixed target (BCDMS, E665, NMC, SLAC) and HERA (H1,
ZEUS) exist.

A new estimate of the Gross Llewelyn-Smith sum rule has also been presented
recently by the neutrino CCFR experiment 34,

3.1. NMC

The NMC collaboration at CERN has published ?" the final analysis of the muon
scattering data taken between 1986 and 1989 on hydrogen and deuterium targets
at incident beam energies of 90, 120, 200 and 280 GeV. The new data supersedes
those published in 1992 3. The combined results have high statistical accuracy and
systematic uncertainties between 2 % and 5 %. As can be seen in Fig. 5 the data
are in excellent agreement with the two high precision data of SLAC and BCDMS
experiments within the very small total errors. A global fit of the three experiments
NMC, SLAC and BCDMS, shown in Fig.5 together with its domain of uncertainty,
represents the status of the art after more than two decades of hard work.

Based on the new analysis of the structure functions F}, F¢ and FJ the NMC has
reevaluated the Gottfried sum rule 3% at Q? =4 GeV?:

] d
Sg = / (F? - F;‘)—f— = 0.235 + 0.026. (26)
0

What is actually measured is the Gottfried sum for z > 0.004. To evaluate the
contribution to S¢ from the unknown very low z region the Regge-like behaviour
az® was fitted to the data of the Non-Singlet distribution (Ff — FJ') in the range
0.004 < z < 0.15 and extrapolated to z = 0. The fit yiclds the values a = 0.20 £ 0.03

9
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Fig. 5. The proton structure function FP. The NMC results are compared with those of SLAC
and BCDMS. The SLAC and BCDMS values were rebinned to NMC z bins. The data sets have
been renormalised according to the values resulting from the common fit. BCDMS data have also
been adjusted for the energy calibration obtained from the fit. The solid curve is the result of the
common fit to the three data sets. The error bars are represent the statistical errors. The dashed
curves indicate the total uncertainty.

and b = 0.59 4 0.06 and a contribution to Sg of 0.013 & 0.005 (stat) for z < 0.004.
The result is close to the previous published value Sg = 0.240 £ 0.016 7. The data
were not corrected for shadowing effects in deuterium, but if anything they should
even reduce Sg by 15 %.

The NMC result is significantly below the simple quark parton model value of
1/3 (equation 24). The light-quark sea in the nucleon is flavour asymmetric. There
are more d than @ in the proton. This interpretation has however been questioned
because the extrapolation to z = 0 is model dependent. It is possible, although a bit
artificial, to build parametrizations of the valence quarks momentum distributions
which describe the NMC data and yet satisfy the Gottfried sum rule 38.

3.2. L665

This year, the final data of the E665 collaboration at the Tevatron at FNAL
on the proton structure function Fy(z,Q?) have been presented * . The data were
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taken in 1991 in the 400-550 GeV muon beam at FNAL. The integrated luminosity
on a hydrogen target is 0.7 pb=*. The kinematic range starts at Q% = 0.1 GeV?
and z = 8 107*. The data are discussed in detail in another contribution to this
workshop *. The z behaviour of F, and the comparison with NMC data will be
discussed below together with the HERA data.

3.3. CCFR

0 34F—7 Fsdx for A®=150MeV
& 30 B £ 8(higher twist)
3E
28F
2.6
2.4
2.2 ) CCFR Preliminary
2 E—/ B3 Stat. Errors only
18E 1 [ 1 Sto|t.+lSysl,t.lErlrc[)rls 1
1

Q*(GeV?)
Fig. 6. The Gross Llewelyn Smith Sum Rule. fol Fadz vs Q? from the CCFR Collaboration together

with the theoretical prediction for Af,)s = 150 MeV. The dashed lines represent the uncertainty in
the higher twist corrections.

There are no new data from the neutrino scattering experiment CCFR at FNAL
but a new evaluation of the Gross Llewelyn Smith Sum Rule. The goal is to determine
a,(Q?) from the equation 23. The challenge in evaluating [y Fadz is that for a given
Q? value, there is a limited z region that is accessible by any one experiment. One
way to evaluate [} Fadz over all z is to extrapolate z F3 from the measured Q? region
to an average Qf value. A previous CCFR analysis *° found that for Q2 =3 GeV?,

1
/ Fydz = 2.50 + 0.018 + 0.078 (27)
0

By using QCD to extrapolate 2 F3 to Q2 however, one introduces a, a priori into the
result. Furthermore, higher twist effects are not included in QCD extrapolations.

In the new analysis, the CCFR data are combined with that of other neutrino
experiments at low z and charged lepton scattering experiments at large z without
Q? extrapolation at Q? values between I GeV? and 20 GeV? (see Fig.6). Evolving
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the four lowest data points at 1 < Q2 <5 GeV? to MZ%, the following value of o, is
obtained :

as (M%) = 0.108 £33 (stat.) + 0.004(syst.) £5.008 (highertwist). (28)

This is a new competitive determination of a, unfortunately limited by the badly
known higher twist corrections.

3.4. HERA ezperiments

The first determination 142 of the proton structure function Fy(z,Q?%) at HERA
in 1992 has been based on a recorded luminosity of about 30 nb~! and has revealed
the striking feature of a proton structure function rising as = decreases below 10~2,
for @2 values in the range 8 < Q? < 60 GeV?2. The analysis of the 1993 data based
on 10 to 20 times more integrated luminosity reported by the H1 43 and ZEUS 44
collaborations extends the kinematic range to a lower Q? value of 4.5 GeV? and to
larger Q7 values up to 2000 GeV?2. The 1994 data represents a further increase of
about a factor 10 in statistics at large Q? together with an extension of the accessible
kinematic range towards low Q? and very low z values. What limits the acceptance
at low Q? can be easily seen from the following expression :

2

6
Q* = 4EE’ cos = (29)

where E is the energy of the incident electron and E' and # are the energy and
angle of the scattered electron relative to the incoming proton direction. In nominal
running conditions the largest accessible angle is limited by the size of the beam pipe.
The two HERA experiments have improved their detector closed to the beam pipe.
In addition during a short dedicated run of the HERA collider of about 60 nb~! of
recorded luminosity, the interaction point has been shifted by +65 cm in the proton
beam direction **%!, thus giving access to larger scattering angle (i.e. closer to the
electron beam direction). The H1 collaboration has also used the events where the
electron bunch collides with an early satellite proton bunch at about 465 cm of the
nominal interaction point. An other method to increase the (2 acceptance is to select
events where a photon of energy ., has been emitted collinear with the electron beam
and detected about 90 m downstream in the electron direction. The measured Q2

value is then : R

Q' =4(E—-E)E cos(%) (30)

L

This method has allowed the HI experiment % to reach Q2 =1 GeV?.

With more statistics it has been also possible to carry on the tedious effort to
decrease the systematic errors of the measurement of the structure function . The
preliminary results of 1994 data have still systematics of about 10 % but there is

12



a reasonable hope to decrease the systematics down to 5 % in the final data. The
normalisation errors in the large statistics 1994 H1 data sample taken with HERA
nominal conditions has become almost negligible. It has been reduced to 1.5%

8.5. Results
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Fig. 7. Measurement of the proton structure function Fy(z,Q?) vs z for fixed values of Q2. Prelim-
inary 1994 data from H1 and ZEUS are compared to the fixed target data of BCDMS, E665 and
NMC.

The results on Fy(z, Q?) from H1 and ZEUS together with those of BCDMS,E665
and NMC are shown in Fig. 7 as a function of = at fixed Q? values. The preliminacy

H1 data cover the full 1994 data set whercas the ZEUS data are so far restricted to
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the low Q? shifted interaction point data and data points at very high Q2. In all the
bins where the comparison is possible the data sets of H1 and ZEUS agree well within
the errors. There is also a smooth transition between the fixed target data and the
HERA data. It is remarkable that the steep rise of F;, with z decreasing persists to
Q? values as low as 1.5 GeV? at £ < 1072 and is already visible at Q2 = 2000 GeV?

at  ~ 0.1. At a fixed low z value, for example z = 1073, the steepness increases
with Q2 increasing.

—
RN
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Fig. 8. Measurement of the proton structure function Fa(z,Q?) vs Q? for fixed values of z. Pre-
liminary 1994 data from H1 (closed points) are compared to the fixed target data of BCDMS (open
triangles) and NMC (open circles). The curves represent the DGLAP NLO QCD fit described in
the text. For clarity the Fy values are plotted, with all but normalisation errors, adding a term
¢(z) = 0.6(iz — 0.5) to F,, where 1, is the bin number starting at i, = [ for z = 0.32.

The H1 1994 data are also shown in Fig. 8§ together with the data of BCDMS and
NMC as a function of Q? at fixed z values. Here also the H1 data agree well with a
smooth extrapolation from NMC and BCDMS data. As in the fixed target domain,
there are no scaling violations at z ~ 0.1, but pronounced Q? scaling violations at
low z, steeper with z decreasing towards z = 0.00005.

4. QCD interpretation

The two salient features of the data at low z, rise of [, as z decreases and strong
scaling violations, can be interpreted in perturbative QCD. The HI collaboration has
made a common fit of the 1994 preliminary data at Q% > 5 GeV? together with the
new NMC data and the BCDMS measurements. The fit is based on Next-to-Leading
Order (NLO) DGLAP evolution equations and it gives a very good description of
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the data not only at Q% > 5 GeV? but also surprisingly down to Q% = 1.5 GeV?
and z = 0.00005 (see Fig.8). Similar fits have been made on ZEUS or H1 1993 data
combined with fixed target data 45464748 A]| the fits require a starting distribution
at Q3 =4 GeV? to be singular in z=*, with A ~ 0.2 to 0.4, when z goes to zero. A
value a bit smaller than in the bare pomeron of BFKL (equation 14). The fits give a
satisfying description of the data, demonstrating that, within the present size of the
errors, the DGLAP evolution equations are still valid in the HERA low z kinematic
domain (see Fig.9). The fits have been used to determine the gluon density in the
proton at very low z 4°. '

The H1 collaboration has also used the BFKL evolution equation as a further
constraint at low z *®. The quality of the fit is neither improved nor deteriorated.
There is at present clearly no need for the BFKL mechanism to describe the Q2
evolution of the data.

4.1. Rise at low z
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Fig. 9. Measurement of the structure F; in the low Q2 region of H1 (solid points), ZEUS (open
triangles) and from the muon experiment E665 (open circles). The data are compared to different
parton parametrizations at Q? < 5 GeV? the Regge inspired DOLA and CKMT, at Q2 > 5 GeV?
the global fits MRSx and CTEQ3, and for the whole Q? range the GRV.

It was not known before data from HERA have become available whether some
strong non perturbative effects would not mask the anticipated asymptotic behaviour.
The observation of the steep rise of Fy at low z is a success of QCD as an asymptotic
free field theory.



A quantitative way to test that perturbative QCD is the underlying dynamics
of the rise at low z has been developped by Gliick, Reya and Vogt (GRV) *°. At a
very low Q% = 0.34 GeV? value valence-like parton distributions are used as input
to the DGLAP evolution equations. This yields a parametrisation of the structure
function Fy which is in accord with the data down to Q% = 1.5 GeV? (see Fig.9). It
demonstrates that the DGLAP evolution equations are not only capable to describe
the Q? evolution but also capable to generate the rise of F, with z decreasing provided
a non singular input distribution is used at a very low @Q? scale. This is in contrast
to Regge inspired models 3152 which are found not to describe the data even at the
lowest Q? values at 1.5 GeV? (Fig.9).

4.2. Double scaling

R, ¥, H1 1994 preliminary

3
25 F ¢ Q'<5c

ab b m gasce Q;=0_5C:V1
15 F %%

F '* ‘

VE k o by &
0_')?')

1} S SR P P Y I} ! 1

05 ! 15 2 15 3 35 4 45
' p

RF,

‘O:L p>15 “w 'L

: L g

L edg Te8THY
ettt
g bt

10 = o

tb

FA)A 1 t L ! | t

12 14 1.4 13 2 22
0

Figure 10: The rescaled structure functions Rr-F, and log(RrF32) plotted against o
and p where o = /log 2 log £, p = /log 2/ log £ and to = log @3/A®. The starting
values are zo = 0.1 and Q2 = 0.5 GeV?. Rr and R} are simple rescaling factors to
remove the trivial model-independent part of the prediction. The 1994 data points
from H1 are preliminary.

To test the double scaling prediction, the H1 1994 data have been presented in
Fig.10 in the variables o and p where ¢ = /log Zlog -, p = \/log 2 /log ¢ and

to = log Q3/A*. More precisely it is the quantity RpF, which is plotted, where Rp is
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a trivial rescaling factor :
do 1
Rp =exp | —2v0 + ’ + é-logo- + log po (31)

and v =/(12/Bo), Bo = 11— %ny and § = (114 Zn;)/fo. In the double scaling limit
RpF; is predicted to be independent of both ¢ and p.

In Fig.10 we can see that provided the starting values are zo = 0.1 and Q3 =
0.5 GeV? the scaling in p sets for p > 1.5 and that log R F2(= log RpFy + 2v0)
rises linearly with . The fact that HERA data agree well with the double scaling
prediction is an other way to visualize, but without any fit, that perturbative QCD
works well in the kinematic range explored so far at HERA. It is worth to stress
that the variables ¢ and p are related to a,(t). Double scaling is an evidence for the
running of o, (Q?) 2.

4.3. a, from low z data

It is well known that one of the most precise determinations of a, comes from the
analysis of the Q*-scaling violations of structure functions in the fixed target kinematic
domain *. Because the HERA data at low z seem to be free of non perturbative
uncertainty, Ball and Forte 33 have extracted a, from the low z 1993 HERA data of
H1 and ZEUS. The method uses NLO evolution equations in various renormalization
schemes and based either on the usual summation of leading (o, log @)™ terms, as
in DGLAP equations, or on NLO summations of leading (a, log Q?log 2)* as should
naively be more appropriate at low z. They conclude that the data are not yet
sufficient to show to what extent a special summation is necessary. In the two types
of approach, HERA data are very sensitive to a,. The quoted value is

a,(Mz) = 0.120 £ 0.005(exp) + 0.009(tA.). (32)

The theoretical error is dominated by the renormalization and factorization scheme
ambiguities.

4.4. Summary on interpretations

We have seen that the HERA data can be equally described by either usual NLO
fits with a singular starting distribution at Q2 =4 GeV? or by the GRV parametri-
sation with a non singular starting distribution at Q2 = 0.34 GeV?. We have also
seen that the double scaling sets up at small value of p. This demonstrates that
perturbative QCD, based on summation of leading (a, log Q%)™ terms, can generate
both the @? scaling violation down to Q? = 1.5 GeV? and the rise of the structure
function with = decreasing down to z = 0.00005. This is a precise and highly non
trivial test of perturbative QCD from which a competitive value of a,(Mz) can be
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extracted. The data do not yet require to restrict the summation to large (a, log(1))"
terms, as in BFKL equation, and not even to the (o, log Llog Q%) terms. It is how-
ever anticipated that less inclusive measurements of the hadronic final state, as the
gluon emission in the hadronic cascade (Fig. 2) which accompany the scattered elec-

tron, would be more sensitive to the mechanism of summation that the structure

functions °.

5. Future prospects

After the final publications of all fixed target data and the rejuvenation brought
by HERA to the field of structure functions there is still a high statistics high pre-
cision neutrino scattering experiment scheduled to start in 1996, the Fermilab E815
experiment (NuTeV) and at HERA there is more than one order of magnitude of
luminosity which can be gained. The next experimental challenges will be

¢ to improve significantly the precision of the measurement at R*> 1.5 GeV?¥in
order to decrease the error on a, and eventually reveal the underlying dynamics
at low z,

¢ to extent the kinematical range down to Q* ~ 0.1 GeV? to understand the
transition to the non perturbative domain of photoproduction and to study the
limits of perturbative approach & la GRV,

¢ loget precise measurements at high Q2 (Q? > 1000 GeV?) where HERA physics
has hardly started %3 eventually the most attractive part would be deviations
from the standard model.

In conclusion, there is no doubt that measurement of structure functions and more
generally of lepton-nucleon scattering is again a very active field which will bring in
the next future more insight into our knowlege of interactions and matter.
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