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JET PRODUCTION AT THE TEVATRON
1
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Abstract

Inclusive jet cross section and dijet angular distribution results from the CDF and D�

collaborations are presented. The possibility that compositeness might be evident at high

transverse energies is explored by both experiments. Using the angular distributions, the

CDF analysis excludes at the 95% CL regions with �+ � 1:8 TeV and �� � 1:6 TeV for

a model where all quarks are allowed to be composite objects. The D� preliminary result

excludes at the 95% CL regions with �+ � 2:0 TeV for the same model.

1for the CDF and D� collaborations



1 Introduction

Great excitement was generated in 1996 when the CDF collaboration announced an excess of

events at large transverse energies (ET ) in the inclusive jet cross section [1, 2]. A deviation

from theory in the inclusive jet cross section could indicate the presence of new physics such

as new particles or compositeness, or it could be due to a di�erence in the parton distribution

functions (pdf's). The search for compositeness is better performed using the dijet angular

distribution, while the search for new particles decaying into jets can be conducted by looking

at an invariant mass analysis or a summed ET (HT) analysis. Di�erentiation among the various

pdf's can be studied through the triple di�erential cross section.

2 Theory

Theoretical calculations for jet production of order �3

s (NLO) have been available for a few

years [3, 4]. These calculations include, in addition to the 2-to-2 tree level Feynman diagrams,

2-to-3 tree level diagrams, and 2-to-2 1-loop diagrams. By calculating this next order, it has

been possible to reduce the uncertainty due to the renormalization and factorization scales

introduced when applying perturbation theory.

For the inclusive jet cross section, the CDF collaboration relies on the eks [3] program for

theoretical predictions, while the D� collaboration relies on the jetrad [4] program. Both

programs set the renormalization scale equal to the factorization scale, but eks sets the scale

to equal half the ET of each of the jets in the event, while jetrad sets the scale to equal

half the ET of the leading jet in the event. This di�erence was irrelevant at leading order (LO)

because both jets must have the same ET to conserve momentum. The CDF collaboration used

the standard Snowmass jet cone clustering algorithm [5] but the D� collaboration modi�ed the

Snowmass algorithm by changing the Rsep parameter in the clustering algorithm. Rsep is de�ned

as the maximum opening angle that two partons are allowed to have before merging. According

to the Snowmass algorithm, the two partons in the same jet can be 2R apart, where R is the

radius of the cone de�ned as R =
q
(��)2 + (��)2, resulting in Rsep=2.0. D� uses a value of

Rsep=1.3.

For the dijet angular distribution, both experiments set the choice of scale to be always

proportional to the ET of the leading jet in the event because both use jetrad . Similar to the

inclusive analysis, the D� collaboration uses a value of Rsep=1.3, while the CDF collaboration

uses Rsep=2.0.

3 Inclusive Jet Cross Section

The inclusive jet cross section analysis counts all the jets in the event that satisfy the pseudo-

rapidity [6] and ET criteria. The cross section is written as

d2�

dETd�
=

N

�ET��
R
Ldt

(1)

and plotted as a function of the jet ET . N is the number of jets, �ET is the ET bin size, ��

is the � bin size, and
R
Ldt is the integrated luminosity. The CDF collaboration measures the

cross section in the region of 0:1 � j�j � 0:7, while the D� collaboration performs the analysis

in the 0:0 � j�j � 0:5 region.

The CDF collaboration has published [1] the results from the 1992-1993 data sample (run

1A) showing an excess compared to theory for ET above 200 GeV. They implemented eks with



renormalization scale and factorization scale set at � = E
jet

T =2 and Rsep=2.0. The data from the

higher statistics 1994-1995 run (run 1B) also exhibit an excess in the high ET region. Figure 1

shows the residual plot using eks with CTEQ3M [7] as the choice of pdf. Also overlayed on

the plot are the run 1A data points. The CDF collaboration is in the process of �nalizing the

systematic error analysis for run 1B and expects the systematic error to be comparable in size

to the run 1A analysis.

The largest systematic uncertainty for both experiments comes from the jet energy scale

correction. The CDF collaboration has performed a thorough study of their detector including

eight di�erent checks for their energy scale correction. The D� collaboration has reanalyzed

their jet energy scale correction resulting in the reduction of the uncertainties at the high ET

region by almost a factor of two. For instance, the uncertainty at ET = 70 GeV is now 2%

compared to the previous value of 3% and at ET = 400 GeV the uncertainty is 2:6% compared

to the old value of 5%. The size of these uncertainties are comparable to the ones from the

CDF collaboration.

The D� collaboration performs its search in the 0:0 � j�j � 0:5 region and implements

jetrad with � = Emax

T =2 and Rsep=1.3 where Emax

T is de�ned as the ET of the leading jet in

the event. Figure 2 shows the residual plot using jetrad with CTEQ3M as the pdf. The data

show excellent agreement with NLO QCD prediction and CTEQ3M.
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Figure 1: Run 1B residual plot from the

CDF collaboration with the run 1A points

overlayed. Theory is eks with CTEQ3M.

Errors are statistical only.
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Figure 2: Residual plot of the D� run 1B

inclusive jet cross section compared to je-

trad with CTEQ3M. Error bars are sta-

tistical only and the band depicts �1�

uncertainty, mainly due to the jet energy

scale correction.

Previously, it was not possible to compare the data from the two experiments as they probe

di�erent � regions. To facilitate a direct comparison of the data, the D� experiment has

performed the analysis in the 0:1 � j�j � 0:7 region. These new data have been �tted to

a function and used as the baseline in a residual comparison with the CDF data. Figure 3

shows the CDF data points compared to the �t of the D� data in the 0:1 � j�j � 0:7 region.

The error band corresponds to the D� systematic uncertainty, which is mainly due to the jet



energy scale correction uncertainties. The CDF data lie above the D� �t but within the D�

uncertainty band.
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Figure 3: Residual plot of the CDF data

with a �t of the 0:1 � j�j � 0:7 D� data.

Shown is the systematic band mainly due

to the D� jet energy scale uncertainty.

Figure 4: Dijet angular distribution for

�ve di�erent mass bins from the CDF col-

laboration. The small variation is due

to renormalization/factorization scale for

1 � � � 5. Error bars are statistical only.

4 Dijet Angular Distribution

The dijet angular distribution is an ideal tool to determine whether any observed excess of

events might be due to compositeness. Compositeness models are extensions to the Standard

model where quarks are allowed to have substructure. One searches for dijet events and plots

them as a function of �, de�ned as

� � exp(j�1 � �2j) =
1 + cos ��

1� cos ��
(2)

for di�erent mass bins, where �1;2 is the pseudorapidity of the two leading jets and �� is the

center-of-mass scattering angle. The use of � attens the angular distribution, facilitating

comparison with theory.

The jets are restricted within the 0:1 � j�j � 2:0 region and � < 5 by the CDF collabora-

tion [8]. Figure 4 compares data with theory and demonstrates that very little variation arises

due to di�erent scales when looking at regions of � < 5. To determine a limit, a ratio R is

de�ned as

R� =
# of events � < 2:5

# of events � > 2:5
(3)

for each mass bin. This procedure removes correlations and reduces the curve to a single

number. The ratio is then plotted as a function of the mass bin and compared to models with

di�erent contact terms. Figure 5 shows the CDF data in excellent agreement with LO and NLO



QCD predictions as well as the behavior of the theoretical predictions when including di�erent

contact term values. For a model where all quarks are allowed to be composite objects, the

CDF collaboration excludes at the 95% con�dence level (CL) regions with �+ � 1:8 TeV and

�� � 1:6 TeV.

Figure 5: Ratio as a function of the mass

bins from the CDF collaboration. In-

ner error bars are statistical only and

outer bars contain statistical and system-

atic added in quadrature. Data are in ex-

cellent agreement with LO and NLO QCD

for two di�erent choices of scale. Also

shown is the behavior of theory when a

contact term is included. Higher ratio cor-

responds to destructive interference (�+).

Figure 6: Dijet angular distribution for

four di�erent mass bins from the D� col-

laboration. Note the large variation due

to the renormalization/factorization scale

for the wide range of �. Error bars are

statistical only with the systematic error

shown separately.

The D� search is performed for 0:0 � j�j � 3:0 which includes � up to 20, when kinemati-

cally accesible. Though a large � range introduces some sensitivity of the theoretical predictions

to di�erent renormalization/factorization scale values as shown in Fig. 6, the analysis is more

sensitive to higher values of contact term interactions. The D� experiment also de�nes a ratio

in order to extract a limit. The analysis takes the ratio of the number of events with � < 4

to the number of events with � > 4. The D� experiment rules out a model where all quarks

are allowed to be composite objects at the 95% CL regions with �+ � 2:2 TeV when using

� = ET=2, �
+ � 2:0 TeV when using � = ET , and �+ � 1:9 TeV when using � = 2ET .

5 Conclusions

The CDF collaboration has published their 1992-1993 inclusive jet cross section showing an

excess of events for ET > 200 GeV in the region 0:1 � j�j � 0:7. The excess has been

con�rmed with the 1994-1995 data sample. The D� preliminary analysis, however, shows

excellent agreement with NLO QCD and modern pdf's (CTEQ3M) in the range 35 GeV<

ET <450 GeV and in the region 0:0 � j�j � 0:5. To facilitate a direct comparison between the



two experiments, the D� collaboration has done the analysis also in the 0:1 � j�j � 0:7 region.

The di�erent conclusions may arise from di�erent choices used in the NLO QCD predictions.

Nevertheless, the CDF result is within one sigma of the D� systematic uncertainties.

The CDF collaboration has published their combined 1992-1993 and 1994-1995 dijet angular

distribution analyses excluding, at the 95% CL, regions with �+ � 1:8 TeV and �� � 1:6 TeV

for a model where all quarks are allowed to be composite objects. The D� preliminary result,

using a larger � range, excludes at the 95% CL, regions with �+ � 2:0 TeV for the same model.
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