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Abstract 

This paper presents the first data from the electron-proton collider HERA and discusses the 
physics interpretation. A brief summary of the history and parameters of the accelerator and 
detectors is given together with details of the performance during 1992. Some typical event 
topologies are shown. Data from HI and ZEUS on searches for leptoquarks, leptogluons and 
excited leptons are presented. The results on the characteristics of the final state for neutral 
current deep inelastic scattering is presented in detail. The energy and particle distributions 
are shown and compared with various fragmentation nlodels. The cross sections as a function 
of x and Q2 are compared with various paranleterisations for the proton structure function. 
The HI preliminary result for the F2 structure function is considered along with current 
models. Finally, the first charged current events from HI and ZEUS are presented. 
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An invited talk presented at the Institute of Physics Conference on Nuclear and Particle 
Physics, Glasgow, 30th March - 1st April 1993 
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Introduction 
The first interactions between colliding beams of electrons and protons leading to hadronic 

finals states were observed by HI and ZEUS at the HERA collider on Sunday 30th May 
1992. The progression to this unique physics situation is shown in table 1. 

Event Planned date 

HERA approved by German government 
Start of construction 
Letters of intent submitted 
DESY Physics Research Committee recommendations 
Technical proposals submitted 
Open presentation of technical proposals 
Decisions on technical proposals 
Inject e into first 1/4 of ring 
Tunnels and halls completed 
Inject p 
e ring complete 
p ring complete 
ep collisions 
Start of ep physics 

6 April 1984 
May 1984 
30 June 1985 
Dec .1985 
31 March 1985 
14 April 1986 
July 1986 
July 1987 
Dec 1987 
Apri11988 
March 1988 (Sept 1988) 
June 1989 (June 1990) 
Jan 1990 (Nov 1991) 
1990 (May 1992) 

Table 1. Summary of milestones. Where a second date is given in brackets, the 
event was delayed. 

The HERA tunnel, shown schematically in figure 1, is 6.336 km in circumference and 
is located between 20 and 50 m below the suburbs of Hamburg. It leaves the DESY site, 
passes under a trotting stadium in whose car park the ZEUS Hall is located, then under the 
Volkspark, close to the main city sports stadium and back to DESY site. For the whole route 
the tunnel was built through a terrain of mainly sand, actually below the water table, so that 
the accelerator and the two experiments HI and ZEUS are now floating on water. 

HERA 
layout 

fl' Protons 
Electrons I 

l 

Figure 1 A plan of the HERA tunnel layout 
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The delay of 18 months in starting the physics program essentially solved the funding 
profile problems of the experiments. Both HI and ZEUS took data in 1992 with most of 
their detectors in position although in some cases (mainly muons with HI and tracking in 
ZEUS) the detectors were not fully equipped with electronics. During 1993, both experiments 
will be equipped at least to the levels defined in the original proposals. 

What does HERA have to offer? In terms of the kinematic and spatial parameters of the 
electron-proton system, a summary of the offerings is given in table 2. HERA, HI and ZEUS 
collectively make up the world's first attoscope. Advances in e+e - accelerator technology 
typically lead to a progression by less than factors of 2 in energy. Consider for example, from 
PETRA (max 2Ee = 41.7 GeV) through TRISTAN (max 60 GeV) to LEP (max 92 GeV). 
HERA provides at a stroke, an increase by a factor of lOin centre of mass energy and almost 
a factor of 100 in x. It is this fact that makes the start of HERA so exciting. Interest will 
continue over the next few years as the regions of x and Q2 at the frontiers of knowledge 
become populated with data of increasingly better statistics. 

Historic HERA 

s 1000 100000 GeV2 

Max Q2 400 40000 GeV2 

Vrnax 500 52000 GeV 
10-17 10-18 m6 (spatial resolution) 


Xmin (at Q2 =10 GeV2) 10-2 10-4 


Table 2. A list of some of the parameters of interest offered 
by HERA compared with the historic fixed target situation. 

Two running periods were provided for the HI and ZEUS experiments during 1992 and 
they are labelled "summer" and "autumn" respectively. The performance of the HERA 
accelerator during these running periods is summarised in table 3. The parameters achieved 
are compared to the design values and a reason or comment is given in each case. As far 
as reaching the design goals as an accelerator, the achievements by the end of 1992 are 
astonishing, as the table reveals. The behaviour of the proton ring during this period offers 
an illuminating contrast between those who designed, built and commissioned the machine, 
and those who said it would not work. 

1992 design reason or 
values values comment 

e energy 26.7 GeV 30GeV temp RF limit 
p energy 820GeV 820 GeV OK 
e current/bunch rv280 JlA 300 JlA OK for one bunch 
p current/bunch rv200 JlA 800 JlA preinjector instability 
e: Imax rv3mA 60mA fixed Nov 92 
# of bunches 10 210 solved for p: Nov 92 
Luminosity max 31029 1.5 1031 

Table 3. A summary of those HERA parameters that affected the luminosity during 
the 1992 running. 
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Some of the experimental parameters of HI and ZEUS relevant to the physics capability 
are shown in table 4. 

HI ZEUS 


Size lOx lOx 10 m3 Similarf'.J 

Weight 2800 tonnes Similarf'.J 

Superconducting coil 0.9Xo 
diameter 6.08 m 1.72 m 
length 5.75 m 2.80 m 
field strength 1.12 T 1.43 T 

Main calorimeter FCAL+BCAL+RCAL 
Angular coverage 40 < () < 1530 99.7% of 47r 

EM 20-30X0 PblLq Ar U + Scint 
0' E / E resolution 12%/v'Ee" +1% 19%/VE 

Hadronic 4.7 7,\ Fe/Lq Ar 4-7'\ U /Scint 
ilE/ E resolution 50%/-JEh +2% 35%/VE(comp) 

Backward calorimeter see BCAL above 
Angular coverage 151 0 < () < 1770 

EM 22.5X0 Pb/Scintillator 
0'E/E resolution 10%/JE; +2% 

Hadronic Compensating U + Scint 
ilE/ E resolution 35%/VE 

Hadron tail catcher calo 4.5'\0 Fe/streamer tubes 
Angular coverage 40 < () < 1770 

0'E / E resolution 100%/JE; +2% 
EM Plug calorimeter 44.6X0 Cu - Si 

Angular coverage 0.70 < () < 3.30 

0' E / E resolution 25%/v'Ee" 
Electron tagger calo 21Xo Tl(Cl/Br) Pb/scint 

Angular coverage 179.70 < () 
0'E / E resolution 10%/JE; + 1% 

Tracking 
Forward Segmented drift chambers Drift chambers 
Angular coverage 70 < () < 250 to be 

MWPCs commissioned 
Central "Jet" drift chambers "Jet" drift chamber 
Angular coverage 250 < () < 1550 only used for vtx 
O'p/p2 < 0.003 GeV- 1 reconstruction 

"z" chambers and MWPCs so far 
Muons For the future 

Table 4. Some of the functions and parameters of the Hl and ZEUS apparatus 

Figure 2a shows a copy of an archive OHP shown during the HI technical proposal 
presentation in April 1986 - an r¢ view of a simulated deep inelastic eq collision. A real 
event, with Q2 = 1600 GeV2 measured by HI just over six years later is shown in Figure 2b. 
This shows that enough was already known about the likely topology at this stage to design 
the apparatus effectively; all that is needed now is for the two experiments to measure the 

4 



details of the distributions at this new distance scale. The data reviewed in this talk are the 
first to emerge from these detectors; they arise from interactions taking place under conditions 
never before produced in the laboratory . 

..,.; viet! 
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e, 

Figure 2 a) A monte carlo event 1986 vintage. b) A real one 

The profile of the integrated luminosity for the two 1992 running periods is reproduced 
from the ZEUS log in figure 3. 
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Figure 3 Integrated luminosity measured by ZEUS for the summer '92 and autumn '92 
running 

The luminosity is detennined by measuring the Compton process ep -+ en at such small 
angles that the scattered electron and I are not detected in the main apparatus as such, but in 
a special small angle electromagnetic calorimeter situated several metres from the interaction 
point in the electron direction. Since E'"'( + Eel Ee where e and e' are the beam and 
scattered electron respectively, a scatter plot of E'"'( versus Ee' should show a band with 
slope -1. The two plots from HI and ZEUS and shown in figure 4 and show the basis of 
the luminosity measurement. Both experiments state residual nonnalisation errors from this 
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source of about 10%. 
The cross sections for the three main physics subdivisions are approximately 15,000 nb 

for ,p processes, '"100 nb for neutral current DIS and ",0.05 nb for charged current DIS. 
These figures which are for guidance only since they depend on the precise Q2 cut for the 
DIS processes, can be compared with the integrated luminosities from the two experiments 
of 2-3 nb -1 for the summer data and ",30 nb-1 for the autumn run. Data reviewed here can 
be found in refs [ 1-9] and also in papers to be published. 

H1 ZEUS 
~ 40 

Ee.... 
" ep -t eyp~ 
r.t (0eV) Ec +£r =B.IH4JIH 

3D 
20 

20 
'0 

10 
10 

0 
0 

'0 20 30 0 10 20 Ey(OeV) 
~.(CeV) 

Figure 4 Correlation plots of E"'{ versus Eel measured in the Hl and ZEUS luminosity 
spectrometers. 

The demands placed on the data acquisition systems are worth emphasising since they are 
extremely severe. Table 5 shows HI and ZEUS compared to UA1 and the future LHC. 

UA1 H1{ZEUS LHC1 


Tracking 104 channels 1Q4 channels 106 -108 channels 

Calorimetry 104 " 5 104 " 105 " 

Muons 104 " 2 105 " 106 " 


Raw data 102 GB/sec 3 104 GB/sec 106 GB/sec 
Tape write 1 MB/sec 1 MB/sec 100 MB/sec 
Event size 100kB 125 kB 1MB 
Tape event rate 10 Hz 10Hz 10Hz 

Table 5. Summary of DAQ parameters in UA1, Hl/ZEUS and LHCl 

For interest or amusement, we can compare the raw digital data rate from a HERA ex
periment against the bit flow when a single music compact disc is being played. The disc 
has two channels with each channel sampling a 12 bit word at 44 kHz. To equal the flow of 
Bytes in a HERA experiment, it would be necessary to simultaneously play the contents of 
over 1000 megastores holding 100,000 CDs each. At LHC, it will be about 30 times more 
intense. 

Figure 5 shows a rather pretty cosmic event detected by HI. Many such events were 
deliberately recorded during beam off periods and they have served many purposes such as 
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calibration and detector alignment. By triggering on cosmic tracks that passed through both 
sides of the calorimeter and by measuring the momenta of electrons in the central tracker that 
then visibly entered the calorimeter, HI made an additional calibration of their calorimeter 
as shown in Figure 6. 

\ \ =.
\ \ .,;:. 

# 

'.. -. 

......: 

Figure 5 Triggered cosmic event passing through the Hl central trackers 

Another feature of data collection is the fact that of the 10 proton and electron bunches, 
9 were used for actual ep collisions and one bunch each of electrons and protons was set up 
to circulate without colliding, so that by timing, the background collisions between the beam 
particles and things like collimators, masks and beam gas could be clearly identified. Such 
interactions will feed into the measured data to some extent and they are extremely difficult 
to model by monte-carlo methods. To actually measure them like this is the best way to 
determine their shape and topologies in the relevant variables . 

.~--~~----------~ <1I/p>,. .111 :I;.N 

Jt 

• 

• 4 DO 
p(a~y/r.) • trllclrer 

Figure 6 Calibration of H 1 calorimeter using cosmics 

Figure 7 shows some of the first reconstructed 2-body decays of ?To and KO by HI and 
ZEUS respectively. The quality of both spectra are comparable with those obtained in e.g. 
e+e- experiments where jet energies are maximally half the ZO mass. In ep collisions. the 
jets can be hundreds of Ge V with corresponding higher particle momenta. In addition to 
these spectra, HI have also measured pO. 
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Figure 7 Invariant mass spectra for II (HI) and 1nf ZEUS. 

A very useful feature of the ZEUS experiment is their time of flight measurement which 
provides good separation of events originating from the primary vertex and background events 
where traverse the length of the detector in the same direction (e.g. beam halo particles). 
Particles traversing the detector from one end to the other trigger the two ends with a time 
of flight difference of about 20 ns whereas those emerging from the interaction point tend to 
arrive at front and rear at about the same time. The scatter plot is shown in figure 8. 
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Figure 8 The distribution of trigger timings from calorimetry in the rear (tR) against 
the forward-rear difference (tF - tR) measured by ZEUS. 

Searching for new particles 
The centre of mass energy for a 30 Ge V electron and 820 Ge V proton colliding system is 

314 Ge V and this is the maximum eq or eg energy when the Feynman x of the parton =1. 
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So far, the electron energy in HERA has been 26.7 Ge V and so the maximum C.M. energy 
has been 296 Ge V. So most of the HERA energy range has already been scanned, albeit 
with low statistics. 

Leptoquarks are the obvious prime target for a new particle hunt by ZEUS and Hl [3,7] 

because their signature is relatively clear and unambiguous and their observation would be 
highly exciting. Leptons and quarks with common constituents will interact when their 
wavefunctions overlap and may fuse into a complete new entity, a leptoquark. The condition 
M2 = SX F leads to a peak in the x F distribution at x F = M2 / s, a unique signature that 
permits relatively easy discrimination against the conventional deep inelastic scattering x F 

distribution. 
In addition to leptoquarks, H 1 have also published their search for leptogluons and excited 

electrons and neutrinos. 
To lowest order, and in the narrow width approximation, the cross section for the electro

production of a heavy state H decaying into a specific final state with branching ratio B is 
given by: 

411"2 r 
u(ep -+ H + X) = -s-(2J + 1) MBfi/P(M2 /s) 

J, M are the angular momentum and mass of the H. The term fi/p is either the quark density 
function or the density function for photons radiated off the proton - depending on the reaction 
process. The width r and the branching ratio B bring in the coupling dependences. 

For leptoquark production, the cross section becomes a function of the right and left handed 
couplings and also the relevant parton distribution in the proton: 

u = 11" /4s(91 + gh)u(x, J1, = MLQ) 

and for the purpose of comparison, a reference base line is taken where the L, R couplings 
are related to the EW coupling: 9 L,R = v'411"O:EW = 0.31 

Leptoquarks would appear as an additional peak on a background of conventional DIS. 
Events were selected on the basis of a high ET electron in the final state. H 1 then had 43 
such events, with no obvious peak in the x distribution. On the basis of the event statistic 
and what this allowed for peaks not yet resolved, limits can be placed in the mass-coupling 
plane. 

Combining NC and CC data, Hl could put limits of typically M ~ 190 GeV on the mass 
of the leptoquarks, more than a factor of two better than the existing limits. 

Leptogluons could also be produced at HERA if they exist and the final state looks similar 
to that for leptoquarks except that one jet would be from a gluon instead of a quark. So the 
same data are used, and are simply interpreted according to the hypothesis. For leptogluons, 
the decay width is given by r = O:sM3 /4A2 • The term A sets the scale for the cross 
section via the dependence (M/ A). The result is an excluded contour in A and M. For 
M 50 Ge V, A must be less than 3 Te V whereas for the highest masses, M = 200 GeV, 
A is constrained to be less than 100 Ge V. 

Excited leptons can also be produced in principle and the following decays could be 
detected: e* -+ ei, e* -+ e Z, e* -+ vW, v* -+ Vi, v* -+ vZ or v* -+ eW. The 
observation of such states would have a fundamental impact on particle physics. It would 
imply a structure of the current so-called "point-like" particles and hence a new layer of 
composition and the associated interaction. Even the question of the origion of mass could 
be addressed by the subsequent investigations. 

The Hl 95% rejection limits for excited leptons are shown in Figure 9. ZEUS have a sim
ilar result [6] and like Hl, also present their results in tabular form as shown in table 6. With 
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an integrated luminosity of 26 nb -1, ZEUS saw no evidence for e" 1/W or eZ resonances 
with invariant masses below 296 GeV. 

- 6*->B Y 
::' -- e* ->vW->vev 
~ 0.1 - 6* ->6 Z ->ell 
- (~,,,,v) 

0.01 

H1 

1 -v*->vy 
- v* -> vZ -> vee 
-v*-> eW-> el 

(l=e,p.) 

H1 

80 120 160 200 80 100 120 140 160 
M (Gay) M (Gay) 

Figure 9 Excited lepton exclusion limits. 

Search Mass Number Expected Efficiency max 
0' inclusive 

channel range (GeV) of events background (pb) 

e, 45-296 0 0.35 65-78% 180 
eZ 120-296 1 3.2 40-50% 350 
vW 110-296 1 3.2 45-62% 400 

Table 6. The number of excited electron candidates observed by ZEUS compared 
with background expectations 

Deep inelastic scattering 
The kinematics in the x - Q2 plane is shown in figure 10. In figure lOa, lines of constant 

scattered electron energy are shown. Note that a large area of the plot is covered by the 
region Ee' Ee 2 GeV. 

Figure lOb shows lines of constant ()e'. For most of the plot, and specifically for y ~ 0.2, 
() is essentially a direct measure of Q2 . 

The events selected by ZEUS and HI are shown in figure 11. Although the x and Q2 scales 
are the same in these plots, the two distributions do not look quite the same, particularly at 
low values of the two variables. The straight edge at the bottom of the ZEUS plot is caused 
by a cut of Q2 > 4 GeV2; only events above this cut are retained for further analysis. In the 
HI plot, all recorded events are shown and the Q2 cut is made later, before comparing with 
theory. The curved edge of their plot can be understood from figure lOb and corresponds to 
a fixed angle limit of 173 0 in the x, Q2 plane. ZEUS measure down to smaller angles of the 
scattered electron. These plots show the minimal overlap with previous experiments. This 
situation will persist until higher luminosity populates the region on the plot labelled "fixed 
target" with more data. 
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Figure 10 x - Q 2 domain showing lines of constant 8 and E of the scattered electron 
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Figure 11 x - Q2 plots measured by ZEUS and HI 

Because such a large area of the x - Q2 plane has scattered electron energies within a 
few Ge V of the incoming electron and most of this area corresponds to electrons that suffer 
only a small deflection, a distribution of scattered electron energy for the backward region 
shows a peak in the energy close to the electron beam energy_ This can be seen in figure 12 
and it provides a useful calibration of the calorimeter in this region and the quality of the 
modelling of the detector. This is the so-called "kinematic peak" plot and it shows that even 
during the first few weeks of running, the backward calorimeter in HI, where most of the 
early deep inelastic data were recorded, was well understood. 

Figure 13 shows the analysed data from one of the first ZEUS papers [4] _ The x _ Q2 
scatter plot in 12a is projected onto the x and Q2 axes and compared with the MRSDO 
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parametrisation [15] of the structure function. A notable feature of these data is the fact that 
x goes down to values some two orders of magnitude smaller than anything ever measured 
in previous experiments. 
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Figure 12 The kinematic peak of scattered electrons, HI data 
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Figure 13 Distribution of ZEUS events in the x Q2 plane and some derived plots. 
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The cross section for these ZEUS data, in regions of x and Q2 where the acceptance is 
high and uniform is shown in figure 13d and compared with MTB 1 and MTB2 structure 
function parametrisations [13]. These data cannot yet distinguish between these three forms. 

The variable Q2 is determined from the electron kinematics thus: 

The variable y is calculated either from the measured electron or the hadron vectors. The 
relevant equations are: 

and 

Yh = 
hadrons 

where Eh and the energies of the hadrons and pz their momenta in the z or proton beam 
direction. 

The variable x is then calculated from x = Q2 / ( sy) where s is the square of the total ep 
centre of mass energy. 

In neutral current events, where both Ye and Yh measurements are available, current practice 
is to use both of them independently to select events. Eventually, the two independent 
values will be combined in a fit. Figure 14a shows a scatter plot of Ye versus Yh for DIS 
candidates and figure 14b shows the same for simulated background events based on a VDM 
photoproduction event generator. The regions for selection and rejection of events in order 
to produce a clean sample of DIS events are therefore shown and justified in these plots. 
This is how the events were selected for the kinematic plot already shown in figure 12. 
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Figure 14 A scatter plot of Ye and Yh for Hl data and simulated photoproduction data. 
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The polar and azimuth angles and cone radii of jets and also the angles of particles 
within jets are frequently given in terms of the pseudorapidity TJ and azimuth angle <p. The 
pseudorapidity is related to f) as follows: TJ = -In tan f) /2, where f) is the polar angle 
measured with respect to the incoming proton direction. A few typical values are shown in 
table 7. 
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the full range of Ye. It also gives a good description of the 3+ 1 jet rate. HERWIG does fairly 
well, although it essentially fails on the 3+1 jet rate. The PS(WQ) and CDM consistently 
predict more multi-jet rates than than the data. 

This unambiguous result on the Q2 dependence is unlikely to be seriously affected by 
more statistics and it gives a good indication of what will be achieved in the QCD area via 
jets in the future. 
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Figure 18 Jet rates measured by HI at Q2 = 16 and 520 Gey2 
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ZEUS have searched for jet topologies in their data using a jet finding algorithm in 
pseudorapidity ('I]) and azimuth (¢» based on the "Snowmass convention". The cone radius 
R = (D.¢>2 + D.1]2)t in the algorithm was set to 1 unit. In this way, the jet rates in the 
table 8 were observed. The fact that most events have no identified jet is a result of a cut 
of 4 Ge Y on the transverse energy and a requirement that the pseudorapidity of calorimeter 
cells be less than 2.5. The predictions of a model using LEPTO with ME+PS are shown for 
comparison; the agreement is quite good. 

Jet Number of Fraction LEPTO 

Config events ME+PS 


0+1 2502 76.4% 74% 
1+1 662 20.2% 23% 
2+1 95 2.9% 2.9% 
3+1 15 0.5% 0.2% 

Table 8. Jet rates observed by ZEUS 

Structure function F2 
One of the key areas of new physics potential at HERA is the ability to measure the 

structure function of the proton F2 in the completely unexplored area of x and Q2 already 
indicated in table 2. HI has just provided their preliminary data on F2 and those from ZEUS 
will be available shortly. 

Let us first briefly review the situation prior to the measurement at HERA. Historically, 
most of the the information on structure functions came from two experiments, EMC [10] 

and BCDMS [11] that - after a period of disagreement - were finally brought into a state of 
consistency. These data covered a region of x down to x 0.07 for Q2 values above 5 Ge V2 . rv 

One analysis of these data produced two sets of parton distributions labelled KMRS Bo and 
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B_ [14] which give slightly falling values of F2 when extrapolated in the HERA region of 
small x. Then new data from NMC [12] were published in 1992 and these already showed 
F2 to be rising as x decreased below x rv 0.05. A new analysis of these data [15] produced 
three new descriptions labelled MSR So, Do and D _ all of which pass through measured 
data but have a different extrapolation into the HERA small x region. Now the first HERA 
data is available and can be compared with extrapolations. 

For the first time in fitting and understanding measured structure functions, it became 
necessary to postulate that the light quark distributions in the sea are different (hence the 
label "D" above) as well as the traditional assumption that they are the same (label "S"). 
The subcripts on the labels refer to the function x g(x, Q2 0) which was assumed to be either 
constant (subscript 0) or falling like x _1/2 (subscript -). 

A further topic of current interest that may be resolved by data from HERA is the possibility 
of saturation or shadowing effects at small x where essentially the fixed volume of the proton 
(radius 5 Gey-1) becomes completely full of soft gluons which shadow each other and which 
cannot interact as isolated particles. This idea can be extended if the gluons tend to cluster 
around the valence quarks because the saturation radius would then be smaller. It turns out 
that if the saturation radius were to be rv5 Gey-1 then the shadowing effects would occur 
as such a small x to be essentially out of range of HERA, whereas a clustering radius of 
(say) rv2 Gey-1 would produce visible effects because in this case, the F2 curve starts to 
flatten with decreasing x within the HERA x range. 

For their analysis, HI used the full luminosity from 1992 of 23±2 nb-1 and selected only 
those events in the "low" Q2 region of Q2 <100 Gey2. Two independent analyses were 
carried out within the collaboration, leading to consistent results. 

In analysis I, where the detector efficiencies cancel out, the events were binned in detector 
oritentated variables of v'E and 9. The kinematics were determined from the electron alone 
as follows: 

E' 
Ye 1 - E: sin

2
( ge/2) 

Q2 = 4Ee . E~ cos2
( ge/2) 

with measurement errors of SE <rv 2% and S9e rv 3 mrad. In this analysis, the radiative 
tail was calculated and subtracted. 

In analysis II, detector efficiencies were calculated by monte carlo and the events were 
binned in the kinematic variables x and Q2 . The kinematics in this case were calculated in 
two ways, firstly using the electron alone as above, and also by a mixed method using both 
the electron and hadron measured quantities. Thus, conservation of E - p z: 

:L(E -Pz) 2Eini 
e (E pz)~al + :L(E pz) 

all had 

Ym 
2:all(E - pz) 

2Eini e 
---+ 

YE = (E 
2:au(E - pz) 

pz)~nal +L:had(E pz) 

The quantity YE calculated this way is less sensitive to poor hadron measurement. 
The two analysis branches had diferent event selections, slightly different kinematic re

gions, different 'YP subtractions and different monte carlo simulated data. However, the run 
and data quality selection as well as the mini DST selections were common. 

Removal of background is of course crucial. The "non-ep" backgrounds such as beam-gas 
and beam-wall were handled by monitoring bunches of electrons and protons that did not 
collide with eachother and by learning to recognise typical slow protons from pA collisions 
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(): 1790 1750 1350 45 0 50 
1]: -4.7 -3.1 -0.9 +0.9 +3.1 

Table 7. The relation between 8 and 1] 

An example of various jet toplogies in the 1]-</> plane is shown in figure 15, where ZEUS 
data [8] is displayed. 
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Figure 15 Energy flow in the 1]-cjJ plane showing 1- 2- and 3- jet events from ZEUS 

H adronic and jet final states 
Both HI and ZEUS have compared their data on hadron production with the predictions 

of several fragmentation models. A number of models have been compared with various 
observables and they are characterised by PS (parton shower), with or without ME (matrix 
element) and also the CDM (colour dipole model). In the leading log parton show represen
tation (PS), the amount and hardness of the gluon radiation depend critically on the virtuality 
of then parton before and after the quark-boson vertex. The choice of W 2 or Q2 or some 
function like W.Q for the scale is denoted by PS(W2) etc. The monte-carlo called "HER
ACLES" is used for this representation. In the colour dipole model (CDM), gluon emission 
is described by a chain of radiating colour dipoles. Such a model is implemented by the 
monte-carlo "ARIADNE". For the O(as) matrix element and parton showers (ME+PS), the 
boson-gluon fusion and gluon radiation processes are simulated using exact order as matrix 
elements and additional softer emissions added using the parton shower model. "LEPTO 
6.1" is the monte-carlo for this approach. 

Tests of fragmentation models and measurements of the structure function are not totally 
independent although it is possible to isolate the tests to a certain extent. Distributions like 
rapidity and transverse energy flow are chosen since they are not too sensitive to the detailed 
shape of the structure function and in the case of the structure function measurement itself, 
the procedure is to show that the result is not very sensitive to different fragmentation models. 
Eventually this procedure can converge onto a consistent overall result. 

Figure 16 shows a very nice result from ZEUS. The data in 16a and 16b are the same, 
but 16a shows a collection of models that fail to explain the rapidity difference (t3.1]) of the 
observed 2-jet flow. The models that failed this test are, in the current jargon: full line LEPTO 
(ME+PS), dashed line HERACLES+LEPTO PS(W2) and dotted line HERACLES+LEPTO 
PS(Q2). Figure 16b on the other hand groups together the distributions calculated using 
models that do a much better job. These are dashed line HERACLES+ARIADNE (CDM), 
and the fun line ARIADNE (CDM+BGF). 
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Figure 16 The energy weighted pseudorapidity difference fl.:", of hadronic system 
calorimeter cells with respect to the struck quark, measured by ZEUS 
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The topological characteristics of hadron production are only reproduced by models like 
these provided QCD is added to the naive quark-parton interaction. HI have compared 
their measured transverse energy flow in the variables pseudorapidity "l and azimuth 4> with 
models containing O(a s ) QCD matrix elements and the additional effects of soft gluons and 
fragmentation. Figure 17 shows a sample of such comparisons where the data are compared 
with a numbers of models. The leading log parton shower approach (PS) fails if either W 2 

or Q2 is chosen as the scale that governs the amount and hardness of gluon radiation. The 
ME+PS and CDM models however, are in good agreement with the data. 
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Figure 17 The transverse energy flow in rapidity "l and ¢ for HI data 
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Jet rates 
Figure 18 shows the preliminary data on jet rates measured by HI. The analysis procedure 

follows the traditional methods that became familiar through the pioneering work by JADE 
and the analyses by LEP groups. Detailed explanation here is unnecessary. The observed 
jet rates are a function of the y-cut parameter Yc which essentially mathematically defines 
the boundary where two jets merge into one. The definitions are made either by the JADE 
or Durham algorithm. Even if this preliminary analysis, a clear Q2 dependence is seen. In 
the low Q2 region where < Q2 >= 16 GeV2, the 2+1 jet rate is R 2+1 rv 9% whereas at 
< Q2 >= 520 GeV2, R2+1 rv 20%. 

The ME+PS model matches the Yc and Q2 dependence of the jet rate data quite well over 
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in the central tracker. The monitoring was carried out by "eye-scan". The backgrounds from 
ep collisions such as photoproduction were dealt with via 2:aU(E - Pz), track-cluster links 
and cluster size and via the detection of an electron in the downstream electron tagger. The 
result achieved is that the contamination is smaller than 10% for the lowest x bins (for which 
Ee > 10.6 GeV. The background treatment was verified by extensive monte carlo studies. 

One of the significant advantages of this twofold analysis is that the treatment of the 
radiative corrections is different for the two cases. 

Results for Q2 = 15 GeV2 and 30 GeV2 are shown in figure 19 and here it can be seen 
that the data an lie above the highest prediction in this small x region, although all data points 
in these plots are still subject to an additional 12% normalisation uncertainty. So although 
the soft gluon component appears to be slightly larger than expected at first sight, this may 
turn out to be not significant physically in view of the systematic errors. It can be said with 
more certainty, independent of the normalisation uncertainty, that there are no signs (yet) of 
a flattening at small x that would indicate the onset of saturation effects. As the analysis and 
understanding of the detector is refined, the normalisation errors will reduce. Also ZEUS 
will soon provide an independent measurement. 
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Figure 19 The H1 preliminary F2 measurement 
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Charged cu"ents 
Charged current (CC) events (ep ---+ vX) have a signature of missing transverse energy 

and momentum (unobserved neutrino). With a cross section of rvO.05 nb for events that 
could be recognised in the detectors (am amount of missing transverse energy larger than the 
intrinsic detector resolution) an integrated luminosity of rv 30 nb -1 leads to an expectation 
of the order of one event in each detector. Both HI and ZEUS have a single candidate each 
for such a CC event. 

The HI search starts with the hypothesis that the missing transverse momentum distribution 
in NC events, (where there should be essentially no missing momentum except for neutrinos 
from weak decays within jets) is a good measure of the detector resolution for missing 
momentum in CC events. In addition, if the momentum of the scattered electron in NC 
events is excluded from the transverse momentum sum then this simulates the detector 
capability for CC events. A plot of 2: IPTI (electron excluded) against 2:PT for NC events 
is shown in figure 20a. From this figure, a sensible region where CC events would show up 
can be identified as shown on the plot. For CC events, the sum of the transverse cluster 
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energies (sum of scalars) is equal to the modulus of the missing momentum (mod of a vector 
sum) because the effect of particle masses is small compared to the resolution. A plot of 
E ET against E PT should show essentially a 100% correlation for CC events and a plot of 
HI events selected according to the region shown in figure 20a is shown in figure 20b. For 
a luminosity of 25 nb -1, there are 28 likely events in the plot. By visual scanning, 25 can 
be identified as cosmic events, 5 as Jl beam halo events and 1 event due to "coherent" noise 
in the calorimeter. This leaves 1 event that looks like it could be a charged current event. 
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Figure 20 Scatter plots of PT etc for the H 1 CC search 

ZEUS have also searched through all their data in a similar way and found the event 
shown in figure 21. Not only is it a spectacularly obvious CC event, but it also has the 
highest Q2 of any event ever recorded in ep collisions, namely Q2 = 14,000 GeV2

• This is 
a record that will not last, since the kinematic region allows for values almost three times 
bigger than this. 

Prospects for the future 
HERA, HI and ZEUS have barely started and to a certain extent, the speed with which 

physics results have been produced from this difficult environment has been a pleasant 
surprise. During 1993, the luminosity of HERA will increase because some of the limitations, 
particularly on the number of bunches, were solved and removed during the autumn of 1992. 
The increased lumi will test the trigger and DAQ of the experiments to the limits. The ability 
of the various drift chambers to cope with the particle fluxes during the early part of the run 
will also be tested. 

There are many powerful aspects of the two detectors that have not yet been used either 
for recording or analysing the data and several of these should come on line during the 
coming months. Muon detection will become increasingly important as mare statistics are 
gathered and here HI is particularly strong both in the barrel and forward direction. The 
sophisticated ZEUS central tracker will be fully fitted with electronics and will add detailed 
analysing power to the experiment. Eventually both experiments will try out their 1RD on 
forward electrons. This will require the use of xenon gas in the detectors for the first time. 
This list is long enough for the present. 
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