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Chapter 9 

Outlook on future analyses 

In this section preliminary results are presented of a first analysis of the data collected with the 
ZEUS detector in 1996 and 1997. A more detailed analysis is being performed in parallel to the 
writing of this thesis. These data correspond to a luminosity of 37.9 pb"1, which is more than 
six times the data collected in 1995. With such a large gain in statistics the measurement of 
dijet photoproduction can be extended to higher transverse energies of the jets and the errors in 
the already measured regions will be reduced significantly. This means the confrontation of the 
theory with these data becomes more challenging due to the reduced experimental uncertainties 
and because at higher transverse energies theoretical uncertainties are expected to be reduced. 

9.1 The 1996 and 1997 analysis 

The analysis of the 1996 and 1997 data is to a large extent identical to the 1995 analysis. The 
main differences are the following: 

• some modifications were made to the detector in the shutdown period between 1995 and 
1996, the most important of which was the removal of the vertex detector (VXD) which 
reduced the amount of material near the interaction point, 

• modifications were made to the online trigger selection of dijet photoproduction candidate 
events. In particular on the TLT it was required that: at least two jets were found with 
rfet < 1.5 and E3

T
ei > 4 GeV or at least two jets with -rfet < 2.5 and EJ

T
et > 6 GeV. Like 

the TLT requirement applied in 1995 this requirement is highly efficient. 

• because of the modifications to the detector and the trigger it was necessary to produce 
new samples of Monte Carlo events corresponding to the years 1996 and 1997, 

• the determination of energy correction functions for ZUFOs from a kinematically con
strained fit, as discussed in section 5.2, was repeated using 1996 and 1997 NC-DIS data 
and Monte Carlo samples. 

Between 1996 and 1997 no changes were made to the detector and to the trigger selection, 
which makes the combination of data from 1996 and 1997 in one single analysis relatively 
straightforward. 

101 



102 CHAPTER 9. OUTLOOK ON FUTURE ANALYSES 

The same offline selection procedure, as described in chapter 6, is applied. 
After all selection cuts 49312 events remain. Figure 9.1 shows various kinematic distributions 

for these events. The distributions are compared to the HERWIG 5.9 Monte Carlo. Good 
agreement is found between data and Monte Carlo, as was the case for the 1995 data (see 
chapter 6.3). With the gain in statistics the study of jets with transverse energies up to 80 GeV 
is accessible. 

In figure 9.2 the highest transverse energy dijet event observed in the ZEUS detector until the 
end of 1997 is shown. The event is a direct photoproduction event with: E^\eadin = 81.3 GeV, 
ETeLond = 70.8 GeV, x°bs = 0.98 and yJB = 0.53. 
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Figure 9 .1 : Detector level distributions of x°bs (a), Zp'ot„„ (b), the average pseudorapidity (c), the absolute 

pseudorapidity difference between the jets (d) and the transverse energy of the highest (e) and second highest 

(f) ET jet. The data are compared to HERWIG 5.9 (histogram). The data are shown with statistical errors 

only. 
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Figure 9.2: Highest transverse energy dijet photoproduction event measured in ZEUS up to the end of 1997. 
The two jets have transverse energies of 81.3 GeV and 70.8 GeV. 
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9.2 Preliminary results of the 1996 and 1997 data 

9.2.1 Event characteristics 

An interesting aspect of the photoproduction sample that can be studied, with a high statis
tics data sample, is the growing relative contribution of the direct component with increasing 
transverse energy of the jets. In Fig 9.3 the x°bs distribution is shown for different thresholds 
on the highest ET jet, ranging from Efleading > 14 GeV up to E3

T
et

leading > 55 GeV. The data are 
compared to the HERWIG 5.9 Monte Carlo. The normalisation of the direct and resolved com
ponents in the Monte Carlo is determined in a fit to the x°bs spectrum for EÇleading > 14 GeV 
and EÇlecond > 11 GeV (i.e. to the x°bs distribution in the second plot of figure 9.3). The 
distributions show that the relative contribution of the resolved process, as defined in a leading 
order Monte Carlo model, decreases as the transverse energy of the jets increases. Nevertheless, 
a resolved contribution is present up to the highest transverse jet energies plotted. 
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Figure 9.3: Distributions of x°bs for different thresholds on the highest transverse energy jet. The second 

jet is always required to have EÇsecond > 11 GeV. The dots are the combined 1996 and 1997 data, the open 

histogram is the prediction of the HERWIG 5.9 Monte Carlo and the shaded histogram is the direct component 

of this Monte Carlo. The data are shown with statistical errors only. 
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It is also interesting to study the transverse energy flow around jets, as a function of the 
transverse jet energy. These distributions were shown in section 6.3 for jets with transverse 
energy greater than 11, 14 and 17 GeV and found to be in good agreement with the Monte 
Carlo predictions, with an exception only for the lowest x^s bins. With the 1996 and 1997 
data we are able to extend this measurement up to jets with transverse energy greater than 21, 
25 and 29 GeV, as is shown in figure 9.4. At the highest transverse jet energies virtually no 
energy flow is observed at |Arç| > 1. This means that the measurement of a jet cross section 
becomes more and more insensitive to issues like underlying events or the jet definition, as the 
transverse energy of the jets increases. 

ZEUS 1996/1997 PRELIMINARY 

Figure 9.4: The transverse energy flow around jets (integrated over |A0| < 1), for six thresholds on the 

transverse energy of the jet and in four bins in x°bs. The data are compared to the HERWIG 5.9 predictions. 

For the data only statistical errors are shown. 
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9.2.2 Cross sections 
The measurement of the dijet cross section as a function of the transverse energy of the leading 
jet, determined from the combined 1996 and 1997 data, is presented for six ranges of the jet 
pseudorapidities in figures 9.5 and 9.6. The cross sections have been determined for the full 
xobs r a n g e a n d for xobs > Q 7 5 I n comparison to the 1995 measurement one or two transverse 
energy bins have been added in each pseudorapidity range. The highest transverse energy 
bin for which the cross section is measured corresponds to 65 GeV < E^leading < 75 GeV, as 
compared to 48 GeV < E3

T
et

leading < 55 GeV for the 1995 analysis. 
The 1996 and 1997 data was also used to determine the cross section as a function of the jet, 

pseudorapidities for different thresholds on the highest transverse energy jet, which has been 
set at 14 GeV, like in 1995, but also at 17, 21, 25 and 29 GeV. This cross section has been 
measured for the full x°bs range and for xobs > 0.75, and in two ranges of y. The results for 
0.20 < y < 0.85 and for 0.50 < y < 0.85 are shown in figure 9.7 and 9.8, respectively. The data 
are compared to NLO QCD predictions using the CTEQ4M and AFG-HO parametrisations 
of the proton and the photon structure, respectively. The figures show that the observations 
made for the measurement with E3

T
et

leadmg > 14 GeV also hold at higher transverse energies. 
For xobs > 0.75 good agreement is found between data and theory. For the cross section 
corresponding to the full x°bs range the data lies above theoretical predictions at central and 
forward jet pseudorapidities and in particular for high y. 

9.3 Conclusion 

We conclude that the increased statistics of the 1996 and 1997 data can be used to measure dijet 
photoproduction up to transverse energies of around 70 GeV, and to reduce, significantly, the 
experimental uncertainties in the regions already measured. We stress that the 1996 and 1997 
results presented here are preliminary, in particular, no attempt has yet been made to exploit 
the increase in statistics to also reduce the systematic uncertainties. The final results based on 
these data will most likely have smaller uncertainties. Moreover, in the year 2000, the HERA 
collider is planned to undergo a luminosity upgrade, after which HERA is expected to deliver 
luminosities in the order of 250 pb ' 1 per year. These data will allow for even more precise 
measurements of dijet photoproduction up to very high transverse energies and in addition for 
the measurement of various more exclusive processes. 

Here we conclude that the discrepancies observed between dijet photoproduction data and 
theory persist also at high transverse energies, where most theoretical uncertainties are expected 
to be reduced. Therefore these data pose a theoretical challenge, in particular, the inclusion of 
these data in NLO QCD fits, used to determine parton density functions in the photon, may 
provide new information on the hadronic structure of the photon. 
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Figure 9.5: Inclusive dijet cross section as a function of EÇ'leadi for »jfef between 1 and 2, in three regions 
of rf2

e (as indicated on the plot). For convenience of comparison the results for - 1 < r){et < 0 and 0 < if2
et < 1 

have been scaled by the factors indicated on the plot. The filled circles correspond to the entire i * range 
while the open circles correspond to events with x°bs > 0.75. The shaded band indicates the uncertainty related 
to the energy scale. The thick error bar indicates the statistical error and the thin error bar indicates the 
systematic and statistical errors added in quadrature. The data are compared to NLO QCD calculations, using 
the AFG-HO parametrisation for the photon structure. 
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Figure 9.6: Inclusive dijet cross section as a function of EÇt
leadi . For the two upper sets of data Tj{ei lies 

between 0 and 1 and for the lower set of data rfx
et lies between -1 and 0. The r){et regions are indicated on the 

plot. For convenience of comparison the two lower sets of data are scaled as indicated on the plot. The filled 
circles correspond to the entire x°ba range while the open circles correspond to events with x°bs > 0.75. The 
shaded band indicates the uncertainty related to the energy scale. The thick error bar indicates the statistical 
error and the thin error bar indicates the systematic and statistical errors added in quadrature. The data are 
compared to NLO QCD calculations, using the AFG-HO parametrisation for the photon structure. 



110 CHAPTER 9. OUTLOOK ON FUTURE ANALYSES 

ZEUS 1996/1997 PRELIMINARY 

3 600 • £?!_> 

0.20<y<0.85 
E!"_,>29 GeV 
-Ki ; ! "<0 

0.20<y<0.85 
£!"_«,> 29 GeV 
0 < < < 1 

Figure 9.7: Figures a), b) and c) show the dijet cross section as a function of rff' in bins of rj{et. From top to 
bottom the figures correspond to different thresholds on the highest transverse energy jet which are: 14, 17, 21, 
25 and 29 GeV. The filled circles correspond to the entire i * range while the open circles correspond to events 
with i * > 0.75. The shaded band indicates the uncertainty related to the energy scale. The thick error bar 
indicates the statistical uncertainty and the thin error bar indicates the systematic and statistical uncertainties 
added in quadrature. The curves correspond to NLO QCD calculations, using the AFG-HO parametrisation 
for the photon structure. 



9.3. CONCLUSION 111 

1 0 0 

l 00 

ZEUS 1996/1997 PRELIMINARY 

b 200 

200 -

0.50<y<0.85 
EfL»,> 14 GeV 
-1<7jf<0 

0.50<y<0.85 
Erl™^>14 GeV 
0 < < < 1 

0.50<y<0.85 
Efl»«,> 14 GeV 
1<7i!"<2 

0.50<y<0.85 a) 
. E fL„> 1 7 GeV 
-1< i ) f<0 

0.50<y<0.85 
EfL>»> 17 GeV 
0<17?<1 j 

b) 0.50<y<0.85 
EfL*o,>17GeV 

c) 

- X ^ ^ " " " - ^ 

0.50<y<0.85 
EfL>»> 17 GeV 
0<17?<1 j 

• • . 
* . 

, ^ T  ! I I I " 7 ^ , , > i o 

40 

20 

0.50<y<0.85 
E T L * > 2 1 GeV 
-1<) j f<0 

0.50<y<0.85 
Ef,_>25GeV 
-1<7jf<0 

0.50<y<0.85 
EfL«,>21 GeV 
1 <i7Î"<2 

0.50<y<0.85 
E!U,>25 GeV 
0 < < < 1 f 

0.50<y<0.85 
Efl™»,>25 GeV 
1<7J?<2 

b 
10 

0.50<y<0.85 
Ef««>29 GeV 
-1<7)f<0 

0.50<y<0.85 
EfU.^>29 GeV 1 I 
0<r;>"< 1 

0.50<y<0.85 
Ö i - ,>29 GeV 
i<7,r<2 » 

2 2 
7/2 

2 

Figure 9.8: Figures a), b) and c) show the dijet cross section as a function of rf2
et in bins of 7rJe(and for 

0.50 < y < 0.85. From top to bottom the figures correspond to different thresholds on the highest transverse 
energy jet which are: 14, 17, 21, 25 and 29 GeV. The filled circles correspond to the entire x°bs range while 
the open circles correspond to events with x°b' > 0.75. The shaded band indicates the uncertainty related to 
the energy scale. The thick error bar indicates the statistical uncertainty and the thin error bar indicates the 
systematic and statistical uncertainties added in quadrature. The curves correspond to NLO QCD calculations, 
using the AFG-HO parametrisation for the photon structure. 
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