?F Fermi National Accelerator Laboratory

FERMILAB-Conf-99/167-E
DO

I nclusive Jet Cross Sectionsin
pp Collisionsat /s = 630 and 1800 GeV

V. Danidl Elvira
For the DO Collaboration

Sate University of New York at Stony Brook
Sony Brook, New York 11794-3800

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, I1linois 60510

September 1999

Published Proceedings of the International Workshop on Deep Inelastic Scattering and QCD,
Zeuthen, Germany, April 19-23, 1999

Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CHO03000 with the United States Department of Energy



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect

those of the United States Government or any agency thereof.

Distribution

Approved for public release; further dissemination unlimited.

Copyright Notification

This manuscript has been authored by Universities Research Association, Inc. under con-
tract No. DE-AC02-7T6CH03000 with the U.S. Department of Energy. The United States
Government and the publisher, by accepting the article for publication, acknowledges that
the United States Government retains a nonexclusive, paid-up, irrevocable, worldwide license
to publish or reproduce the published form of this manuscript, or allow others to do so, for

United States Government Purposes.



Inclusive Jet Cross Sections in pp Collisions at /s= 630 and 1800 GeV

V. Daniel Elvira® *

aDepartment of Physics and Astronomy, State University of New York at Stony Brook, Stony Brook,

NY 11794-3800

We have made a precise measurement of the inclusive jet cross section at +/s=1800 GeV. The result is based
on an integrated luminosity of 92 pb~! collected at the Fermilab Tevatron pp Collider with the D@ detector. The
measurement is reported as a function of jet transverse energy (60 GeV < Er < 500 GeV ), and in the pseudo-
rapidity intervals |p| < 0.5 and 0.1< || <0.7. A preliminary measurement of the pseudorapidity dependence of
inclusive jet production (|| < 1.5 ) is also discussed. The results are in good agreement with predictions from
next—to—-leading order (NLO) quantum chromodynamics (QCD). DO has also determined the ratio of jet cross
sections at 1/s=630 GeV and /s=1800 GeV (|n| < 0.5). This preliminary measurement differs from NLO QCD

predictions.

1. Introduction

Within the framework of quantum chromody-
namics (QCD), inelastic scattering between a pro-
ton and antiproton is described as a hard colli-
sion between their constituents (partons). After
the collision, the outgoing partons manifest them-
selves as localized streams of particles or “jet-
s”. Predictions for the inclusive jet cross section
have improved in the early nineties with next-
to-leading order (NLO) perturbative QCD calcu-
lations [1] and new, accurately measured parton
density functions (pdf)[2].

DO has recently measured and published [3]
the cross section for the production of jets as a
function of the jet energy transverse to the inci-
dent beams, F7. The measurement is based on
an integrated luminosity of about 92 pb~! of pp
hard collisions collected with the D@ Detector [4]
at the Fermilab Tevatron Collider. This result
allows a stringent test of QCD, with a total un-
certainty substantially reduced relative to previ-
ous results [5,6]. We also measure the ratio of
jet cross sections at two center-of-mass energies:
630 (based on an integrated luminosity of about
0.537 pb~!) and 1800 GeV [7]. Experimental and
theoretical uncertainties are significantly reduced
in the ratio. This is due to the large correlation
in the errors of the two cross section measure-

*Representing the D@ Collaboration

ments, and the suppression of the sensitivity to
parton distribution functions (pdf) in the predic-
tion. The ratio of cross sections thus provides
a stronger test of the matrix element portion of
the calculation than a single cross section mea-
surement alone. Previous measurements of cross
section ratios have been performed with smaller
data sets by the UA2 and CDF [8] experiments.

2. Jet Reconstruction and Data Selection

Jets are reconstructed using an iterative jet
cone algorithm with a cone radius of R=0.7 in
n—¢ space, (pseudorapidity is defined as n =
—In[tanf]) [9]. The offline data selection pro-
cedure, which eliminates background caused by
electrons, photons, noise, or cosmic rays, follows
the methods described in Refs. [10,11].

3. Energy Corrections

The jet energy scale correction, described in
[12], removes instrumentation effects associated
with calorimeter response, showering, and noise,
as well as the contribution from spectator partons
(underlying event).

The energy scale corrects jets from their recon-
structed E7 to their “true” Er on average. An
unsmearing correction is applied later to remove
the effect of a finite E7 resolution [3].



4. The Inclusive Jet Cross Section

The resulting inclusive double differential jet
cross sections, (d?c/(dErdn)), for |n| < 0.5 and
0.1 <|n| £ 0.7 (the second region for comparison
to Ref. [6]), are compared with a NLO QCD theo-
retical prediction [1]. Discussions on the different
choices in the theoretical calculation: pdfs, renor-
malization and factorization scales (i), and clus-
tering algorithm parameter (Rsep) can be found
in Refs. [9].

Figure 1 shows the ratios (D — T')/T for the
data (D) and JETRAD NLO theoretical (T') pre-
dictions based on the CTEQ3M, CTEQ4M and
MRST pdf’s [4,5] for |n| < 0.5. (The tabulat-
ed data for both |n| < 0.5 and 0.1 < || < 0.7
measurements can be found in Ref. [13].)

The predictions are in good quantitative agree-
ment with the data, as verified with a x? =
Zi,j(Di — TZ)(Cil)”(D] — T]) test, which in-
corporates the uncertainty covariance matrix C.
Here D; and Tj; represent the i-th data and the-
ory points, respectively. The overall systematic
uncertainty is largely correlated.

Table 1 lists x2 values for several JETRAD pre-
dictions using various parton distribution func-
tions [2]. The predictions describe both the |p| <
0.5 and 0.1 < |n| < 0.7 cross section very well.
The measurement by D@ and CDF are also in
good quantitative agreement within their system-
atic uncertainties [3].

Table 1

x? comparisons between JETRAD and |p| < 0.5
and 0.1 < |n| < 0.7 data for p = 0.5ER*X
Rsep=1.3R, and various pdfs. There are 24 de-
grees of freedom.

pdf In| <05 01<|n <0.7
CTEQ3M 23.9 284
CTEQ4M 17.6 23.3
CTEQ4HJ 15.7 20.5
MRSA~ 20.0 27.8
MRST 17.0 19.5

5. n Dependence of (d’c/(dErdn))

D@ has made a preliminary measurement of
the pseudorapidity dependence of the inclusive jet
cross section. Figure 2 shows the ratios (D—-T')/T
for the data (D) and JETRAD NLO theoretical
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Figure 1. The difference between data and JE-
TRAD QCD predictions normalized to predictions.
The bands are the total experimental uncertainty.

(T') predictions using the CTEQ3M pdf set for
0.5 < |n] <1land 1 < |n <1.5. The measure-
ments and the predictions are in good qualitative
agreement. A detailed error analysis is currently
being completed.

6. Ratio of Scale Invariant Jet Cross Sec-
tions

A simple parton model would predict a jet cross
section that scales with center-of-mass energy. In
this scenario, Ex - E%, plotted as a function
of jet zp = 2 \]/%T, would remain constant with
respect to the center-of-mass energy. Figure 3
shows the D@ measurement of E% - Eﬁng (stars)
compared to JETRAD predictions (lines). There
is poor agreement between data and NLO QCD
calculations using the same p in the numerator
and the denominator (probability of agreement
not greater than 10%). The agreement improves
for predictions with different y at the two center-
of-mass energies [7].

In conclusion, we have made precise mea-
surements of jet production cross sections. At
\/$=1800 GeV, there is good agreement between
the measurements and the data. The ratio of
cross sections at 1/s=1800 and 630 GeV, how-
ever, differs from NLO QCD predictions, unless
different renormalization scales are introduced for
the two center-of-mass energies.
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Figure 2. Pseudorapidity dependence of the inclu-
sive jet cross section (0.5< |n| <l and 1< |n| <1.5).
Comparison between data and NLO QCD predic-
tions. The bands are the total systematic uncer-
tainty in the experiment.

REFERENCES

1. W. T. Giele, E. W. N. Glover, and
D. A. Kosower, Phys. Rev. Letters 73, 2019
(1994); S. D. Ellis, Z. Kunszt, and D. E. Sop-
er, Phys. Rev. Letters 64, 2121 (1990);
F. Aversa et al., Phys. Rev. Letters 65, (1990)

2. H.L.Lai et al., Phys. Rev. D 51, 4763 (1995);
A.D. Martin et al., Eur. Phys. J.C 4, 463-496
(1998).

3. B. Abbott et al.,(DO Collaboration), Phys.
Rev. Letters 82, 2451 (1999).

4. S. Abachi et al., (DO Collaboration), Nucl.
Instrum. Methods A338, 185 (1994).

5. J. Alitti et al., (UA2 Collaboration), Phys.
Letters B 257, 232 (1991); Z.Phys.C 49, 17
(1991); F. Abe et al., (CDF Collaboration),
Phys. Rev. Letters 70, 1376 (1993).

6. F. Abe et al.,, (CDF Collaboration), Phys.
Rev. Letters 77, 438 (1996).

7. J. Krane (DO Collaboration). To be pub-
lished in the proceedings of DPF (1999).

8. J. Appel et al., (UA2 Collaboration), Phys.

>

[\

o .

o D@ Preliminary

o

©

p 25 -

0

<

>

8

o 2r

»

[¢e)

Il

0

RS

e 1.5

C

he

o — CTEQ3M u=2+E;
wn L

@ s ———. CTEQ3M u=E;

o L

Is} . CTEQ3M u=E;/2
e

Q@ L —.—. CTEQ3M u=E,/4
Q 0.5 -

N L

] P I RS AN AUV IS UTEN P TATIN BRTATN NSRS
o 005 0.1 0.45 02 025 03 035 04 045 05
S Jet X;

Figure 3. The ratio of scale invariant jet cross sec-
tions. The stars are the DO data, the band is the
systematic uncertainty, and the lines are the NLO
QCD predictions.

Letters B 160, 349 (1985); F. Abe et al.,
(CDF Collaboration), Phys. Rev. Lett. 70,
1376 (1993)

9. S. Abachi et al.,, (DO Collaboration), Phys.
Letters B 357, 500 (1995); B. Abbott et al.,
Eur. Phys. J. C. 5, 687 (1998).

10. D. Elvira, Ph.D. Thesis, Universidad de
Buenos Aires, Buenos Aires, Argentina, 1995
(unpublished),
HTTP://WWW-D0.FNAL.GOV/RESULTS/
PUBLICATIONS_TALKS/THESIS/ THESIS.HTML.

11. J. Krane, Ph.D. Thesis, University of
Nebraska-Lincoln, 1998 (unpublished),
HTTP://WWW-D0.FNAL.GOV/RESULTS/
PUBLICATIONS_TALKS/THESIS/ THESIS.HTML.

12. B. Abbott et al., (DO Collaboration), Nuc.
Inst. and Meth. A 424, nos. 2-3, 352-394
(1999)

13. Available from the AIP E-PAPS service
and at
HTTP://WWW-

D0.FNAL.GOV/ DOQCD/INCLUSIVE



