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A preliminary measurement of the di�erential dijet cross section obtained from p�p colisions at
p
s = 1:8 TeV by the CDF collaboration

is presented. The D0 and CDF dijet mass distributions are also presented. Measured distributions are compared to NLO QCD
predictions. The e�ect of changing the renormalization scale and the choice of the parton density functions on the predicted cross
sections is shown. Finally, limits for new particle production are presented based on the dijet mass and angular distributions.

1 Introduction

Jet distributions at high-energy colliders can be used
to test quantum chromodynamic (QCD) predictions and
search for new particle production. In addition, since
the observed jet production rates at proton-antiproton
colliders are the result of convoluting the QCD cross sec-
tions with the parton densities in the proton, the parton-
distribution functions (PDFs) can also be extracted.

The inclusive jet measurements presented at this
conference show that in general the next-to-leading or-
der (NLO) QCD prediction 1 describes the jet spectrum
as its production cross section falls nine orders of magni-
tude 2. A detailed comparison of the CDF data indicates
an excess of events at high ET when compared to the
QCD predictions with standard PDFs 3. This excess has
generated a great deal of theoretical interest 4 including
several new sets of PDFs which include the CDF mea-
surement in determining the PDFs 5. In this paper, we
present the dijet di�erential and mass distributions and
compare them to NLO QCD predictions.

One possible explanation for the increased jet pro-
duction at high ET is that there is a new particle, never
before detected, which makes an additional contribution
to the cross section. Since the jet spectra extend to
higher ET than any other measured spectra at the Teva-
tron, we hope that someday it may show us the �rst ev-
idence of quark substructure (compositeness 6). In order
to test the new particle hypothesis, we measure the dijet
angular distributions which are relatively insensitive to
variations in the PDFs. Limits on quark compositeness
and coloron production are presented in section 4.

2 The Di�erential Dijet Cross Section

Preliminary results for the di�erential dijet cross section,
d�=(dET d�1d�2) are presented by the CDF collaboration
for the 1994-1995 Fermilab Tevatron Collider run. This
distribution is made by plotting the ET spectrum of a

trigger jet (ET > 40 GeV, 0:1 < j�1j < 0:7) for four dif-
ferent bins in probe jet pseudorapidity. The probe jet is
de�ned as any jet with ET > 10 GeV. The four pseudo-
rapidity bins are: 0:1 < j�2j < 0:7, 0:7 < j�2j < 1:4,
1:4 < j�2j < 2:1 and 2:1 < j�2j < 3:0. In all cases, the
spectrum plotted is that of the trigger jet. In the case
that the probe jet also satis�es the trigger jet selection
requirements, both combinations contribute to the dis-
tribution.

Figure 1 shows the measured spectrum for the four
pseudorapidity bins. The measured energies are cor-
rected for detector resolution and smearing using the
same procedure used in the measurement of the inclu-
sive jet cross section 3. The results are compared to the
NLO QCD calculation of JETRAD 7 using several di�er-
ent PDFs 5. In general, agreement is seen over six orders
of magnitude.

A detailed comparison is shown in �gure 2. Here the
relative di�erence from the theoretical prediction (JE-

Figure 1: The preliminary measurement of the di�erential dijet
cross section. The results are compared to the predictions of JE-
TRAD using several di�erent PDFs.
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TRAD, Rsep=1.3, � = 0:5Emax
T , CTEQ 4M) is shown.

For comparison, the relative di�erence between the the-
ory using CTEQ 4HJ or MRST and the default theory
are shown. In all four plots, the data rise at ET > 200
GeV above the CTEQ 4M curve. The curvature of CTEQ
4HJ appears to be in better agreement. The MRST
curve has a low ET shape which may be hard to accomo-
date. The systematic uncertainty ranges from about 20-
40% and can account for the normalization o�sets. We
note that the systematic uncertainty between the four
distributions is correlated and that the character of the
comparison in the high pseudorapidity bin appears to be
somewhat di�erent than in the other bins. One possible
explanation is that the O(�3s) QCD predictions are not
adequate to describe the high � bin which is composed of
four or more jet events > 25% of the time, A full analysis
of the comparison has not been done yet, and conclusions
about the agreement with theory are preliminary.

The ET and pseudorapidities of the leading jets are
related to the momentum fraction, x, of the partons in-
volved in the interaction. At leading order the relation
is

x1 =
ETp
s
(e�1 + e�2); x2 =

ETp
s
(e��1 + e��2): (1)

For �xed ET and �1, di�erent momentum fractions can
be selected by requiring that the probe jet lie in di�erent
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Figure 2: The fractional di�erence from NLO QCD for the dif-
ferential dijet cross section. The four distributions in �gure 1 are
plotted separately here.

� intervals. We de�ne xmax as the maximum of x1 and
x2. For a two body process one intuitive choice for the
QCD scale of the interaction is

Q2 � �t̂ = 2E2
T cosh

2 ��(1� tanh ��) (2)

The data, converted from (ET ; �2) bins to (xmax; t̂) bins,
are shown in Figure 3 with statistical errors only. The
data span a region in x and Q2. We plan to use this two
dimentional space to constrain the PDFs and �s simul-
taneously.

3 The Dijet Invariant Mass Distribution

Both CDF and D0 have measured the dijet mass cross
section, �d�2=�Mjjd�1d�2, as a function of the dijet
mass. The new spectrum from D0 8, shown in �gure 4
is based on 92 pb�1. The mass is constructed from two
jets j�1;2j < 1:0.

Mjj = 2E
(1)
T E

(2)
T (cosh(��)� cos(��)) (3)

Masses above 200 GeV are included in the distribu-
tion. The NLO QCD prediction using JETRAD with
CTEQ3M 9 and � = 0:5Emax

T is shown for comparison.
The fractional di�erence from theory is presented in the
lower plot. The dijet mass distribution is observed to
be insensitive to changes in renormalization scale, �, and

Figure 3: The xmax and t̂ region probed by the di�erential dijet
cross section measurements. Uncertainties are statistical only.
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Figure 4: Dijet mass spectrum from D0 compared to NLO QCD
calculated using JETRAD with CTEQ3M and � = 0:5Emax

T
. The

lower plot is the fractional di�erence from NLO QCD.

the PDFs. The conclusion that the data and theory are
in good agreement is supported by the �2 analysis pre-
sented in table 1.

A comparison of the CDF and D0 results is shown in
�gure 5. The CDF measurement uses jets with j�1;2j <
2:5 and includes the mass of each jet in the dijet mass
calculation.

Mjj =
p
(E1 +E2)2 � (~p1 + ~p2)2; (4)

PDF renorm scale �2 (15 DOF) Prob(�2)

CTEQ3M 0:25Emax
T 12.2 0.66

CTEQ3M 0:50Emax
T 5.0 0.99

CTEQ3M 0:75Emax
T 5.3 0.99

CTEQ3M 1:00Emax
T 5.4 0.99

CTEQ3M 2:00Emax
T 4.2 1.00

CTEQ4M 0:50Emax
T 4.9 0.99

CTEQ4HJ 0:50Emax
T 5.0 0.99

MRS(A�) 0:50Emax
T 6.3 0.97

Table 1: �2 comparison of the D0 dijet mass data to theory.
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Figure 5: Comparison of the dijet mass distributions from CDF
and D0 with theory predictions using JETRAD with the CTEQ4M
PDF.

Since the two measurements di�er somewhat, the frac-
tional di�erence from NLO QCD is shown for both. The
data from the two experiments is in good agreement, and
also with theoretical predictions.

D0 has also measured the cross section separately in
the central (j�1;2j < 0:5) and forward (0:5 < j�1;2j < 1:0)
regions. The distributions are compared to NLO QCD
in �gure 6. Again good agreement is observed between
the measured spectrum and the theoretical prediction.

4 Limits on New Phenomena

One possible explanation for the increased jet produc-
tion at high ET is that there is a new particle never be-
fore detected which makes an additional contribution to
the cross section. Since the jet spectra extend to higher
ET than any other measured spectra at the Tevatron,
we hope that someday it may show us the �rst evidence
of quark substructure (compositeness). When the un-
certainty on the gluon distribution is resolved, we can
use the jet spectra directly to search for new physical
phenomena. Until then, we resort to other distributions
which are less sensitive to the PDFs.

D0 takes the ratio of the forward and central dijet
mass spectra presented in �gure 6 to search for com-
positeness. The ratio is shown in �gure 7. Theoretical
predictions are included showing increases in jet produc-
tion for compositeness scales of 1.5 to 3.0 TeV. No visible
increased production is observed in the data. 95% con-
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Figure 6: The preliminary D0 dijet mass distributions for central
(j�j < 0:5) and forward (0:5 < j�j < 1:0) jets compared with the
QCD calculation.
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Figure 7: The ratio of the central and forward dijet mass distrib-
utions is sensitive to new particle production. Quark substructure
would enhance this distribution at high mass.

�dence level limits on the contact interaction scale are
listed in table 2.

Measurement of the scattering angle between the di-
jet and proton beam, in the center-of-mass system pro-
vides a fundamental test of QCD and is a sensitive probe
of new physics. The dijet angular distribution is de�ned
as:

� � û=t̂ =
(1 + cos ��)

(1� cos ��)
' ej�1��2j (5)

where �� is the center-of-mass scattering angle. The an-
gular distribuion is fairly insensitive to the PDFs. Two
dominant sources of systematic error arise from multiple
interactions and the energy scale dependence on �. As
shown in �gure 8, a contact interaction term changes the

D0 ratio of central/forward dijet mass:
�+ � 2:7 TeV, �� � 2:4 TeV.

CDF angular distribution:
�+ � 1:8 TeV, �� � 1:6 TeV,
�+
ud � 1:6 TeV, ��

ud � 1:4 TeV.

D0 angular distribution:
�+ � 2:1 TeV, �� � 2:2 TeV,
�+
ud � 1:9 TeV, ��

ud � 2:0 TeV.

D0 angular distribution:
Mc=cot� � 759 GeV/c2.

Table 2: 95% con�dence limits for new particle produciton based
on measured dijet mass and angular distributions. Compositeness
limits are expressed in terms of �. The coloron limit is expressed
in terms of Mc=cot�.

shape of the expected distribution. The D0 data appear
to be in good agreement with NLO QCD predictions 10.
A similar analysis at CDF shows the same e�ect 11. 95%
con�dence level limits on the contact interaction scale
from these analyses are listed in table 2.

Finally, using the same measured distribution as in
�gure 8, D0 sets limits on a universal coloron 12. The
new model proposes an octet of heavy coloron bosons
in addition to ordinary massless gluons. It includes a
coloron-exchange scale, Mc, and an angular term, cot�,
which depends on the ratio of the gauge couplings of the
regular gluons and the new gluons. The e�ect on the
angular distribution of including a coloron is shown in
�gure 9. Data exclude a avor universal coloron13 with
Mc=cot� < 759 GeV/c2.

5 Conclusions

The di�erential dijet cross section can be used as an input
to global QCD �ts. The data span a region in x and
Q2 which we plan to exploit to constrain the PDFs and
�s simultaneously. We have seen that the data rise at
high ET above the theory predictions of CTEQ 4M and
MRST, but that a modi�ed PDF, CTEQ 4HJ, appears
to reproduce the shape of the data. Conclusions about
the agreement, however, are preliminary at this time,
awaiting a full analysis of the comparison.

The dijet mass spectrum is observed to be in agree-
ment with QCD predictions. The shape of the data from
CDF and D0 are consistent. Within experimental uncer-
tainties the mass distribution is insensitive to changes in
renormalization scale and PDFs.

Finally we conclude that there is no evidence that
the increased jet production is the result of new particle
interactions. Limits on new phenomena are summarized
in table 2.
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