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Results  on deep inealstic scattering obtained by H1 and ZEUS from the 1993 data taken at 
HERA are presented. The measurements  of the charged current  process provide first evidence 
for the damping of the total neutrino cross section at high energies by the W propagator. A com- 
parison with neutral  current  scattering shows that  at  Q2 values above the W mass  squared the 
weak cross section becomes comparable to the electromagnetic one. The structure function F 2 of 
the proton was determined from neutral  current  scattering data. The results  confirm the steep 
rise of F 2 towards small x below 10 -2 seen previously by the two experiments albeit  with much 
less statistics. The rise persists from the lowest Q2 values up to 500 GeV 2. The F 2 data  are in 
accord with logarithmic scaling violations in a new regime of low x and high Q2. An analysis of 
F 2 data  by ZEUS in terms of the total virtual photon proton cross section shows error(T* p) to in- 
crease with the total T*P c.m. energy, the increase being compatible with a linear rise. This is 
in striking contrast  with the behaviour of the total cross section for real photons or for pp scat- 
tering. 

1. I N T R O D U C T I O N  

The high centre of mass  energy available at  
HERA presents  a vast  increase in phase spa- 
ce for lepton - nucleon scattering in compari- 
son with fixed target  experiments. The maxi- 
mum Q2 values that  can be reached are two 
orders of magnitude larger while for fixed Q2 
the minimum Bjorken-x values are two or- 
ders of magni tude smaller. 

The first measurements  performed by H1 [1] 
and ZEUS [2] on neutral  current  scattering 
showed the proton structure function, F2, to 
exhibit a strong rise as x decreases below 10- 
2. New results  on F 2 were obtained from data 
taken in 1993. They correspond to a twenty- 
fold increase in statistics and strengthen the 
conclusion tha t  at  small values of x a new re- 
gime of physics is entered. 

Charged current  scattering has a much smal- 
ler cross section and therefore produces corre- 
spondingly less events. Both experiments 
had a first look at  this type of process with 
the 1993 data. 

1 .1  H E R A  

In 1993 HERA operated with 84 electron bun- 
ches of 26.7 GeV colliding with 84 proton 
bunches of 820 GeV, with a bunch spacing 
between crossing of 96 ns. In addition, there 
were 10 unpaired electron and 6 unpaired 
proton bunches for the study of background. 
Typical beam currents were 10 - 15 mA yiel- 

ding a luminosity of 0.7"103o cm-2s -1. The to- 
tal integrated luminosity per  experiment rea- 
ched 600 nb -1 compared to 33 nb -1 in 1992. 
During the present  running period (1994), a 
fur ther  increase of the luminosity by a factor 
4 - 5 will be achieved. 
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1.2 T h e  H1 a n d  ZEUS d e t e c t o r s  

In figs. 1,2 displays of events from charged 
and neutral  current  scattering from the H1 
and ZEUS experiments are shown. The prin- 
cipal detector components used for the ana- 
lysis of the data  presented below were the 
central tracking systems, the calorimeters 
and the luminosity detectors. 

In the H1 experiment, the calorimeter is ma- 
de of lead and iron absorber and read out 
with liquid argon in the forward and barrel 
region and scintillator in the rear. The liquid 
argon calorimeter (LAC) covers the angular 
region 40 < (} < 1530 ( the forward region, e = 
0, is given by the direction of the proton be- 
am). It is longitudinally subdivided into se- 
veral electromagnetic and hadronic sections 
and is segmented into a total of 45 000 cells. 
The energy resolution ~/E for electrons is 
12%/~JE • 1% (E in GeV, • means  quadratic 
addition) and 50%ALE • 2% for hadrons (af- 
ter  weighting), as measured with test  beams. 
The calorimeter in the rear  (151o< (} < 177 °) 
serves as an electromagnetic calorimeter and 
is followed by time-of-flight counters. 

The ZEUS detector uses a uranium-scintilla- 
tor calorimeter covering polar angles of 
1.6°< e < 177.40. The calorimeter is longitu- 

dinally subdivided into an electromagnetic 
and two (one) hadronic sections in the for- 
ward and barrel  (rear) parts  and is segmen- 
ted into 5918 cells each read out by two pho- 
tomultipliers. The energy resolution found in 
test  beams is 18%/~/E for electrons and 
35%/~]E for hadrons. The calorimeter provi- 
des also a time measurement .  The time reso- 
lution of a cell is ~ = 1.4/E °'65 • 0.4 ns, where 
E (in GeV) is the energy deposited in the cell. 

The luminosity is measured in both experi- 
ments  by observing the bremsst rahlung pro- 
cess e p -> e' p T at very small angles to the 
electron beam direction. The final state elec- 
tron and photon are detected in electromagne- 
tic calorimeters located about  33 m and 105 m 
upst ream of the collision point in the proton 
direction. The rate of luminosity events was 
typically several kHz. 

2.  K I N E M A T I C S  

Deep inelastic scattering (DIS), e p -> l' + any- 
thing, as depicted in fig. 3 will be described in 
terms of the variables shown in Table 1. 

For neutral  current  reactions (NC), e- p -> e- 
+ X, due to the almost complete solid angle co- 
verage of the HERA detectors, the event 

Table 1 
Definition of kinematic variables for deep inelastic electron proton scattering 

s = ( e + p ) 2 =  4 E e E  p 
~ =  e - l '  

2 =  . ( e_ l ' )  2 = - q 2  
x = Q 2 / ( 2 p . q )  

v = ( q . p ) / m p  

y = v / Vma x = (q.p) / (e.p) 
Q2 = x y s  
W 2 = rap2 + Q2 ( l /x-  1) 

electron and proton beam energies 
square of the c.m.s, energy 
four momentum of the exchanged current  
negative mass  squared of the exchange current  
Bjorken variable; in the quark-parton model (QPM) x is the 
fraction of the proton momentum carried by the struck quark 
energy transferred between electron and proton, in the proton 
rest  system, nap proton mass  
fraction of the energy transferred between electron and proton 

square of the c.m. energy of the hadronic system 
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Figure  1. A charged  cu r r en t  event  with Q2 = 23 400 GeV 2 , pT ~ = 59 GeV as seen in the H1 

detector.  
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Figure  2. A neu t r a l  cu r ren t  event  with Q2 = 5300 GeV 2, x = 0.11 as seen in the ZEUS detector.  
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Fig.3 Diagram for ep scattering 

kinematics can be determined from the ener- 
gy and angle of either the scattered electron 
or of the produced hadronic system, or from a 
combination of these. For instance, y calcula- 
ted from the electron variables is given by 

Ye = 1 -(Ee'/2E e) (1- cos Oe') 

where Ee' , O e' are the energy and polar angle 
of the scattered electron. The variables y and 
Q2 (and also x) can be determined from the 
hadronic system as measured by the calori- 
meter,  using the Jacquet-Blondel technique 
[3]: 

YdB = ~ (Eh- P~) / (2 E e) 

Q,jB 2 = [( ~ Pxh )2 + ( ~ Pxh) 2 ] / [1- Y.JB] 

where Pxh = Eh sin ~n cos Oh, Puh = F-'n sin 
O n sin Oh, P~ = Eh cos @ and F_, n is the ener- 
gy measured in calorimeter cell h with po- 
lar and azimuthal  angles O h, ¢h as determi- 
ned from the coordinates of the cell and the 
event vertex. The summation is performed 
over all calorimeter cells. The method rests 
on the assumption that  the total t ransver-  
se momentum carried by those hadrons 
escaping through the forward beam hole 
can be neglected as well as the energy and 
momentum of particles escaping through 
the rear beam hole. 

In the double-angle (DA) method [4] x and 
Q2 are determined from the angles of the 
scattered electron (ee') and the produced 
hadron system (Oh). The method relies on 
ratios of energies and therefore is less sen- 
sitive to scale uncertainties of the energy 
measurement .  

The increase of phase space provided by 
HERA for lepton nucleon scattering in 
comparison with present  fixed target  expe- 
r iments is i l lustrated in Table 2. 

Table 2 

Kinematic region accessible at  HERA (E e = 26.7 GeV, Ep = 820 GeV) and in fixed target  experi- 
ments  

HERA fixed target  experiments 

s (GeV 2) 

maximum practical Q2 (GeV 2) 

Vma x (GeV) 

minimum x at Q2 = 10 GeV 2 

0 .9-105 103 

4O 000 4OO 

47 000 500 

1 . 1 0  4 1 . 1 0  .2 



G. Wolf/Nuclear Physics B (Proc. Suppl.) 38 (1995) I07-124 111 

3. CHARGED C U R R E N T  

SCATTERING 

Charged current  (CC) processes of the type 

e p - >  v X  

can be detected via missing transverse mo- 
mentum, pT ross, carried away by the neutri- 
no. 

The main parameters  of the H1 [5] and 
ZEUS [6] analyses are summarized in Table 
3. The ZEUS data  are still preliminary. 
Both experiments are able to isolate with 
high efficiency a background free sample of 
CC events by selecting events  on pT miss, by 
requiring a tracking vertex, by recognizing 
events produced by muons accompanying 
the proton beam or due to cosmic rays 
and/or superimposed on an event from ep 
collisions. 

Table 3 

Selection of charged current  events: the numbers  of remaining candidates are underl ined 

H1 ZEUS 

luminosity (nb -1) 
at  trigger stage: pT m~s (GeV) 
off-line analysis: pT ~ (GeV) 
Q2 (GeV 2) 

require vertex 
remove: beam halo +cosmic bt's 

superimposed events 
accepted events after scanning 
overall efficiency for CC events 

348 _+ 17 548 _+ 5% 
> 9 3 4 k  

> 25 3.5 k > 12 1~ k 
> 625 > 400 

208 2.5 k 

1__99 25 
1__44 2_22 
73 + 8% 59 % 

The effect of the pTmiSSselection on the back- 
ground in the H1 analysis is i l lustrated in 
Fig. 4 which shows the distribution of the 
scalar (S) versus vector (V) t ransverse mo- 
mentum sums defined as: 

s = X JPT, i 

V =  I ~ P T i l  -= pT ross 

where PTi are the momentum vectors in the 
plane t ransverse to the beams determined 
from the calorimeter cell information. By de- 
finition S >_ V. CC events are characterized 
by large values of S a n d  T. The background 
(mainly beam related) at  large S but  small V 
is suppressed by requiring V = pT ~m > 25 
GeV (see Fig. 4). 
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v 

Figure 4. Selected events in the V - S plane 
for V > 10 GeV. The signal region is defined 
by V > 25 GeV. (From H 1). 



Figure 5 shows the total neutr ino cross sec- 
tion averaged over protons and neutrons  as 
a function of the neutr ino energy Ev measu- 
red in the nucleon rest  system. The data up 
to about E~ = 25 GeV were measured in fi- 
xed target  experiments.  They show a l inear 
rise of the cross section with Ev consistent 
with an infinitely heavy W (rn w = o¢). The 
resul t  from H1 is 

~( e-p -> v + hadrons,  PT > 25 GeV) 

= 55 _+ 15 (stat) + 6 (syst) pb 

atot vN 

The data point at  Ev = 46 TeV of fig. 5 
shows the H1 resul t  converted into a v N 
cross section. It lies well below the s t ra ight  
line obtained from the extrapolation of the 
low energy data  and demonst ra tes  the effect 
of the W propagator. Figure 6 shows direct- 
ly the sensitivity of the H1 measuremen t  to 
the mass of the W propagator:  The case of 
an infinitely heavy W (dashed line) is exclu- 
ded by the data. 
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i ~ I ~ l l b  I ~ U I l l ~ l ~  I I I I E l ~ l ~  * I I r ] , b ,  I I ~ I I ~ p l l  I 

112 G. Wolf~Nuclear Physics B (Proc. Suppl.) 38 (1995) 10~124 

10 TeV 

E~ 

Figure 5. The energy dependence of the v N cross section as a function of E v measured  in the 
nucleon rest  system. The crosses represent  the low energy neutr ino data. The point a t  46 TeV 
shows the H1 result. The dashed line shows the l inear extrapolation of the low energy data; 
the solid line shows the predicted cross section taking the W mass into account. (From H1). 
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determined for the same x-bins. While at  Q2 
= 400 GeV 2 the NC cross section is two or- 
ders of magnitude larger than  the CC cross 
section, one sees for the first time tha t  at  Q2 
values of the order of the W mass squared 
the weak cross section becomes comparable 
to the electromagnetic one. 

The solid lines in Fig. 8 show the QCD pre- 
dictions for the CC and NC cross sections. 
The prediction of an infinitely heavy W 
(dashed line) is ruled out by the CC data. 

Figure 6. The H1 result  for the CC cross 
section (= horizontal line with + 1 s.d. band) 
compared with the cross section predicted 
as a function of the propagator mass. The 
dashed line indicates the expectation for 
Mprop = ~. (From H 1). 

The ZEUS group analyzed simultaneously 
CC and NC scattering. A critical part  of the 
analysis was the determination of x and Q2 
for the CC events. While for NC events the- 
se variables can be measured from either 
the electron or the hadron side, thereby al- 
lowing for a cross check, for CC events only 
the hadron side is accessible for measure- 
ment. The values of x and Q2 were determi- 
ned with the Jacquet-Blondel method. The 
accuracy of the method and the necessary 
corrections were determined independently 
with the help of the NC events and by Mon- 
te Carlo simulations. Consistent results we- 
re obtained. The x - Q2 distribution of the 
CC events is shown in Fig. 7. The highest 
Q2 value is above 20 000 GeV 2. 

The differential CC cross section 

do/dQ 2 (e-p -> vX, x~ - x b) 

integrated over the x-bins x a - x b indicated 
in Fig. 7 is shown in Fig. 8. Also given in 
Fig. 8 is the NC cross section, 

% 

Zeus CC DIS Events 

1 0  4 

l O  2 

° ° • 

102 !  , . . . . .  , ~1  . . . . . . . .  I 

16 3 16 ~ 16 ~ 
X 

Figure 7. Distribution of CC events in the 
x - Q2 plane. (From ZEUS). 
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Figure 8. The cross sections d~ / dQ 2 for NC (full dots) and CC scattering (open dots) integrated 
over the x-bins indicated in Fig. 7. The solid curves show the QCD predictions calculated with 
the structure function set MRSD-' [7]. The dashed curve shows the prediction for the CC cross 
section for an infinite W mass. (From ZEUS). 

4. NEUTRAL C U R R E N T  

SCATTERING 

The large event statistics obtained from 
neutral  current  scattering 

e-p -> e-X 

allowed both experiments to embark on a 
precision measurement  of F 2 at low x. As 
mentioned before, the kinematical variables 
x and Q2 can be determined in different 
ways, using various combinations of the 

electron and hadron measurements  with 
different experimental and theoretical un- 
certainties (e.g. electromagnetic radiative 
corrections). Performing the analyses with 
these different combinations provided im- 
portant  cross checks of the results. 

The main and only important  source of 
background was photoproduction where in 
general the scattered electron disappeared 
through the rear  beam hole and another 
particle was considered in its stead. The va- 
riable 6, defined as 
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= Z ( I ~ - P z ) ,  

where the summation includes also the 
energy deposit by the electron, was used to 
suppress photoproduction events and to esti- 
mate from its distribution the remaining 
photoproduction background. For fully con- 
tained events energy-momentum conservati- 
on requires ~ = 2 E e (= 53.4 GeV for the pre- 
sent data). The loss of particles through the 
forward beam hole in general has only a 

small effect on 5 since E i = Pz. For photopro- 
duction, on the other hand,  the loss of the 
scattered electron leads to significantly 
smaller values of 5. 

4.1  E v e n t  s e l e c t i o n  

The main parameters  of the H1 [8] and 
ZEUS [9] analyses are given in Table 4. The 
H1 data  are still preliminary. 

Table 4 

Selection of neutral  current events. The index e (h) indicates electron (hadron system) varia- 
bles. The 5", method combines electron and hadron energy flows. 

H1 ZEUS 

luminosity (nb -1) 

number  of events 

x, Q2 determined from 

some selection cuts 

27o 

~ 20 000 

x e, Qe 2 ; Qe2, y jB;  

8e', Oh; X method 

E e' > 8 GeV, Ye < 0.8 

543 _+ 3.3% 

46 000 
! x~, Q 2  ," %,  oh 

Ee'> 5 GeV, Ye < 0.95 

YdB > 0.04 

The event distributions in the x - Q2 plane 
are shown in Figs. 9, 10 for H1 and ZEUS. 
Also indicated in Fig. 10 are the kinematic 
regions where data  from fixed target  experi- 
ments  exist. Events with Q2 values up to ~ 
20 000 GeV 2 were observed. The suppressi- 
on of events at  low Q2 is due to the require- 
ment  tha t  scattered electrons detected in 
the rear calorimeter be sufficiently away 
from the beam line. In the case of ZEUS, 
the lack of events at  low y values is a result  
of the cut YdB < 0.04 which insures the ap- 
plicability of the DA - method. 

4.2  T h e  s t r u c t u r e  f u n c t i o n  F 2 

The NC cross section was determined for 
the x - Q2 bins indicated in Figs. 9,10. The 
observed number  of events was corrected 
bin-by-bin for the remaining background. 
Corrections for acceptance, detector smea- 
ring and radiative effects were determined 
by Monte Carlo simulations where the ge- 
nerated events were passed through the de- 
tector and selection procedures identical to 
those used for the real data. The NC cross 
section can be expressed in terms of three 
structure functions, F 2, F L and xF 3 : 
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Figure 9. 
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Distribution of the NC event sample from H1 in the x - Q2 plane. 
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Figure 10. Distribution of the NC event sample from ZEUS in the x - Q2 plane. 

d2~ = 4 ~ a  2 { ( l _ y + y 2 / 2 )  F2(x, Q2) 
dx dQ 2 x Q4 

y2/2 FL(X ' Q2) 

+ (y-  y2/2) x Fs(x , Q2) } [1 + 5 r] 

(1) 
The F 3 term measures  parity violating con- 
tr ibutions which arise from Z ° exchange. 
They are significant only when Q is compa- 
rable to or larger than the Z 0 mass. F L is the 

longitudinal structure function; 5 r is the ra- 
diative correction. The familiar ep structure 
functions which receive only contributions 
from the exchange of a virtual photon are de- 
noted b y F  2 a n d F  L. Since the Z 0 , F  Land  
radiative corrections are small in all bins, 
eq. (1) can be rewrit ten as 

d2~ 4~ ~2 = { (1 -  y + y2/2) F2(x, Q2) 
dx dQ 2 x Q4 

• (1-~=L +~Z).  ( l + ~ r ) }  (2) 
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where the corrections ~ are functions of x 
and Q2 but  to a good approximation indepen- 
dent  of F 2. 

In the H1 and ZEUS analyses F 2 was extrac- 
ted from the data. Corrections were made 
for the contribution from Z 0 which was calcu- 
lated using the MRSD-' parton densities and 
GLAP [10] QCD evolution. At the highest  
mean Q2 of 4200 GeV 2 the correction 
amounted to 20% relative to the F 2 contribu- 
tion; at the next lower Q2 bin it was already 
less than 6%. The correction for the contri- 
bution from F L was determined in the same 
way; it  was found to be at  the percent level 
relative to the F 2 contribution except for so- 
me low - x bins where it amounted to 12 - 
15%. ZEUS found the radiative corrections 
to be 3 - 5% for the double angle method and 
at  most 10% if only electron variables were 
used. 

The analyses performed by both experiments 
with different combinations of electron and 
hadron variables for the determination of x 
and Q2 produced F 2 values which were con- 
sistent within the systematic errors. ZEUS 
chose the results obtained with the DA me- 
thod as the final values for F 2 while H1 used 
the data  obtained from the scattered electron 
and the Y~ method. 

Figure 11 shows the data  from ZEUS and H 1 
as a function of x for fixed Q2 values between 
8.5 and 2000 GeV 2. The error bars give the 
statistical and systematic errors added in 
quadrature.  There is good agreement bet- 
ween the two experiments. The data exhibit 
below x = 10 -2 a strong rise of F 2 as x decrea- 
ses, a feature which was already observed in 
the 1992 HERA data [1, 2] but  which now is 
seen with much higher statistics. This beha- 
viour is in striking contrast to the almost 
constant behaviour seen at  larger x values. 
The steep rise persists from the lowest Q2 
values up to Q2 of 500 GeV 2. 

In Fig. 12 the F 2 measurements  from H1 and 
ZEUS are shown as a function of Q2 for fixed 
values of x. Also included are data from 

NMC [11] and preliminar~ data from E665 
[12] obtained at  smaller QZ values. The data 
are in accord with the logarithmic scale 
breaking expected from QCD, now measured 
in a new regime of high Q2 and low x. 

For theory the rise of F 2 was not unexpected. 
In pertubative QCD F 2 was shown to grow 
faster than any power of In(i/x) as x -> 0 [13, 
14] and the qualitative feature of a rapid ri- 
se was anticipated by calculations in which 
only valence-like distributions of partons we- 
re evolved from very small Q2 [15]. The rise 
is the manifestation of a rapidly growing 
density of partons in the proton as x tends to 
zero. According to Lipatov [16] the gluon 
density in the proton should rise as g(x) - 
x -(1 + ~] for x -> 0, where ~ -- as [12 In 2] / ~ -- 
0.5. 

The measured F 2 data  are compared in Figs. 
11, 12 with different extrapolations and a 
prediction, all based on the GLAP QCD evo- 
lution equations and on data  measured at  
larger x values. The curves MRSD-' and 
MRSDo' [7] represent roughly the extremes 
of the extrapolations. At the scale where the 
evolution starts, Qo 2 = 4 GeV 2, D-' has a 
singular parametrisat ion for the sea quark 
and gluon densities, x f(x) - x -n as x -> 0 
where n = 0.5, and Do' has a constant beha- 
viour, n = 0. At the lowest values of Q2 the- 
se two parton densities (PDF) span the 
HERA data; for Q2 > 35 GeV 2 the D-' cur- 

ves agree with the data. CTEQ2D' [17] assu- 
mes also a singular gluon distribution. It is 
typical of recent PDF evaluations (see e.g. 
MRSA [18]) tha t  have included HERA data 
among the data  sets used to determine their 
parameters  and tha t  give a fair representati- 
on also of the 1993 HERA data. 

GRV(HO) [19] is a prediction. The PDF's 
are evolved from a very low scale of Qo 2 = 
0.3 GeV 2, start ing from 'valence like' quark 
and gluon distributions. In this case much of 
the steep rise in F 2 at  low x is generated dy- 
namically through gluon bremsstrahlung 
from quarks and quark pair creation from 
gluons by the GLAP evolution in Q2.. Next- 
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to-leading order is used. Up to Q2 = 50 GeV 2 
the GRV(HO) curves include the improved 
treatment of the charm contribution [20] w- 

hieh is sizeable at low Q2 and decreases F 2 
by about 10%. Good agreement with the 
HERA data is observed. 

3 
~_~ Q2= 8.5 _~ Q2= 12 _- \  Q2= 15 

- \  
- --MRSD'_ ~ \  0 Z E U S  
- -. MRSD'o 

\ \ . . . .  . . . . .  GRV(Ho)CTEQ2D' - " , \  - . : ~  2 -:"~:,-.~. ":.', [] H 1 -"' 

! - . ' .  

3 -, , , , , , , , i  ~,,,.,,,i . . . .  ,,,i . . . . . . . . . .  , , , , ,  . . . . . . . . . . . . . .  , , . , , , i ,  ....... i , , ,  . . . . . . . .  

: = )',, Q2 "35 ~i", ' Q2-50 

2 : ,  ..,. 

1 

L 

~ ,.,,.I , ,.,,.I ~ ~.,.,I , ,.~ , ,,.,,,I , ~,,,,,,I ........ ,,, 

-4 -4 -2 -4 
10 10 2 10 10 10 10 "2 

X 

Figure 11. The proton structure function F 2 as a function ofx at fixed Q2 as determined by H1 
and ZEUS. The H1 data are preliminary. The error bars show the statistical and systematic er- 
rors added in quadrature. The curves were calculated with the parton densities MRSD-', 
MRSDo' and CTEQ2D'; also shown is the GRV(HO) prediction. 
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4.3  F 2 o n d  ¢Ttot(~* p)  

Neglecting contributions from Z ° exchange 
the DIS cross section can be expressed in 
terms of the flux of virtual photons times the 
total cross section, ¢~tot(7* P), for scattering 
of the virtual photon on the proton [21]. 
¢~tot(7* P) is defined in terms of the cross sec- 
tions for the scattering of t ransverse and lon- 
gitudinal photons, ¢~T and C~L, respectively, by 

Otot(7, p) ___ CtT(X, Q2) + GL(X ' Q2). 

The photon flux is well defined provided the 
lifetime of the virtual photon is large compa- 
red to the interaction time or x << 1/(2mpRp) 
where nap is the mass  of the proton and Rp -- 
4 GeV -i its radius [22]. For x < 10 -2 this con- 
dition is well satisfied. The expression for F 2 
in terms of OT and OL is 

F2(x ' Q2) = Q2 (1- x) [~T(X, Q2) + ~L(X ' Q2)] 
4 ~ a  

(3) 

At small x the expression can be rewrit ten in 
terms of the virtual photon proton c.m. ener- 
gy W to give 

<~tot(7* P) -- 4~2 a F2 (W, Q2). (4) 
Q2 

The connection between F 2 and Gtot(7* p) has 
been investigated by others for fixed target  
DIS data, for example [23]. 

Relation (4) was used by ZEUS [9] to deter- 
mine otot(7* p) from the F 2 data. Figure 12 
shows c~tot(7* p) as a function of W from 50 
to 280 GeV for Q2 between 8.5 and 125 
GeV 2. At all these Q2 values ~tot(7* P) in- 
creases with increasing W as could have 
been inferred from the x dependence of F 2. 
Given the size of the errors the increase is 
compatible with a linear rise (the straight li- 
nes in Fig. 13 are drawn to guide the eye) but  

other functions of W give equally good des- 
criptions of the trend. The magni tude of the 
slope dc~tot(7* p) / dW, at fixed Q2 is domina- 
ted by the factor Q2 in equation (3). This is 

shown in Fig. 14 where Q2 . C~tot(7. p) is 
plotted as a function of W for the data with 
Q2 between 8.5 and 125 GeV 2. The data  clu- 
ster along a narrow band. 

The rise with W is in marked contrast  to 
tha t  of the total cross section for real photon 
proton scattering (Fig. 15) which exhibits 
only a slow rise between the fixed target  re- 
gime (W < 20 GeV) [24] and the da ta  from 
HERA near  W = 200 GeV [25, 26] compatible 
with W °'15 [27]. A total cross section that  ri- 
ses rapidly with W is also unlike the total pp 
cross section. This is the only hadron cross 
section measured in the hundred  to thou- 
sand GeV range and its energy dependence 
can be described by a term proportional to 
W 0"16 [27]. By expressing F 2 in terms of 
atot(7* p) one sees from another  angle tha t  
with deep inelastic scattering at low x the 
HERA experiments have entered a new regi- 
me of physics [29]. 

Using the optical theorem, Im A(7* p) - 
trot(7* p), where A(7* p) is the invariant  am- 
plitude for 7* P elastic scattering, one sees 
tha t  if otot(7* p) rises linearly with W at a fi- 
xed value of Q2 the elastic cross section will 
rise ~ W 2 and will violate eventually unitari- 
ty unless it is damped above some W = Wcrit 
by parton saturat ion [30]. Whether  saturati-  
on can be detected in the HERA regime is an 
exciting question. 

5. CONCLUDING REMARKS 

The advance into the region of low x at large 
Q2 has  shown a new regime of physics. The 
proton structure function F 2 rises rapidly as 
x tends to zero signalling a rapid increase of 
the density of partons in the proton. The fact 
tha t  the model of GRV [15, 19] is able to give 
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a good account of the F 2 measurements sug- 
gests that  perhaps all of the parton density 
increase is radiatively generated. The exten- 
sion of the F 2 measurements down to Q2 va- 
lues of ~ 1 GeV 2 in order to determine the 
turn-on of the rise at low x as a function of 
Q2 will provide an important test of this 
idea. 

The rapid rise of F 2 towards low x is equiva- 
lent to a rapid increase of (~tot(T*P) with c.m. 
energy W. In conjunction with the optical 
theorem this implies that the elastic cross 
section (~(T*P -> T'P) rises even faster with W 
and should eventually violate unitarity. Par- 
ton saturation is expected to avert the clash 
with unitarity. Since (~(T*P -> T'P) is expec- 
ted to be very small at HERA energies the 
problem with unitarity in elastic scattering 
would become acute only at much higher 
energies. However, the large rapidity gap 
events observed recently in deep inelastic 
scattering by ZEUS [31], and confirmed by 
H1 [32], exhibit a diffractive-like behaviour 
similar to that of elastic scattering. Since the 
production rate for this type of events is sub- 
stantial, a measurement of the cross section 
and its W dependence might give a clue on 
parton saturation already at HERA energies. 

The results presented here were obtained 
with an integrated luminosity corresponding 
to about one percent of the yearly design lu- 
minosity. Over the next two to three years, 
the luminosity should increase to its design 
value of 50 pb -1 per year. This will benefit all 
of HERA physics and will be most important 
for charged current processes and for the in- 
vestigation of the weak currents at large Q2. 
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