Tevatron Jet Results at High E7 and
High Rapidity

Presented
by

Frank Chlebana
(Fermilab)

for the

CDF and D9 Collaborations



Inclusive Jet Cross Section

Di-Jet Triply Differential Cross Section

Di-Jet Angular Distributions



Inclusive Jet Cross Section

Measurement of the inclusive differential cross
section for jet production in pp collisions at

/s =18 TeV.

The data provides information about details
of the parton density functions (pdf) and the
strong coupling constant, o,.

High statistics measurement with small sys-
tematic uncertainties provides a powerful test
of QCD over a wide range of Jet Fr7.

Highest Er bins correspond to a distance scale
of O(107"¢m) which extends searches for new

physics.

Theory calculations are available at O( J) which
include the possibility of a third jet in the final
state and reduces the theoretlcal uncertainties
to 10 - 20%



Event with High Ep Jets
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There is an excess of data at high Epr when
compared to the expectation from NLO QCD
using the MRS D(’ parton parameterization..

Predictions using different pdfs are shown by
the curves.



Systematic Errors for the CDF Measurement
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Percentage change in the inclusive jet cross
section when the different systematic errors
are changed by +1 standard deviation from
nominal values.
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Preliminary Results from Ib Data
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The run Ib data set contains about four times

the data from run Ia.

Results from run Ia are confirmed by the run
Ib data with reduced statistical errors.

See R. Hirosky’s talk “Jet and Dijet Produc-
tion at the Tevatron” for a discussion of the
effect on the choice of parameters on the the-

ory predictions.



Inclusive jet results from both CDF and DO
are used as input to global fitting packages
where the data constrains the pdfs at high z.
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The CTEQ group has modified the parameter-
ization of the gluon distribution resulting in
better agreement at high Fp.



CDF Ib Data Compared With Fit to D@ Data
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D@ analysis for 0.1 < |n| < 0.7.

Results from the two experiments are
within systcinatic errors.
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CDF Ib Data Compared With Fit to D@ Datc
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D@ analysis for 0.1 < |n| < 0.7.

Results from the two experiments are
within systematic errors.



(CDF-DOFit)/DOFit
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____ Effect of all choices

- Clustering Rsep=2.0 vs Rsep=1.3

- D@ vs CDF JETRAD (pdf grids?)

- e, E.jet vs E;max
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Inclusive Di-Jet Differential Cross Section

d3o E7 Transverse energy of leading jet
m Pseudorapidity of leading jet
dETdmdny n, Pseudorapidity of next to leading jet

One or more of the two leading jets is
required to be within the central re-
gion.

The central “trigger” jet is used to mea-
sure the E7 of the event.

If there are two energetic central jets
both combinations contribute.

The “probe” jet satisfies Ep > 10GeV.

There are no restrictions on any addi-
tional jets.
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Separate E distributions are made when

the probe jet sits in different 7 inter-
vals.

0.1 < |m9] < 0.7 0.7 < |mp| < 1.4
1.4 < |m| < 2.1 2.1 < |mo| < 3.0

In leading order 7; and n» are related
to the parton momentum fractions.

E
T = fg(enl + e772)
E _

Vs

For fixed E+ and 7; one can probe dif-
ferent momentum fractions by requir-
ing that the next leading jet lie in dif-

ferent 7 intervals.



Inclusive Di-jet Differential Cross
Section From Run Ib (87 pb~1)
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Error bars represent the statistical error. The
systematic error is under study.
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The cross section was scaled by E; and nor-
malized by different factors for each n range.

Sculed da /dE, (Arb. unils)

Scated do/dF, (Arb. units)
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For large n and high Fr a large fraction (25-
60%) of events have four or more jets with

Er > 10 GeV while theory is O(a?).

Error bars represent the statistical error. The
systematic error is under study.



For NLO the parton momentum fractions can
be determined from

] — gﬂ((\‘m + ET? o2 ! ET‘.}.CT?S\)
Vs Ey Er
E , Er Ers
Ty = (e 4 Z20m T3 -3
\/3 Er ETy

For each Er bin the average value for the factor
in brackets is calculated and multiplied by the
corrected F7 to determine r.

The factors have been ordered so that r; is
always the maximum.

~ For a 2 body process

Q" ~ —t

-

= g(l — cos §%)

= 2FZ cosh® n*(1 — tanhn®)



CDF Preliminary Run 1b
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Error bars represent the statistical error. The
systematic error is under study.



We have data in the high Q° and high z region.
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Error bars represent only the statistical error
on the average of E7.



Di-jet Angular Distributions

Measurement of the distribution of the scatter-
ing angle between the di-jet and proton beam,
in the CMS system, provides a fundamental
test of QCD and is a sensitive probe of new
physics.

The distributions result from the dynamics of
hard scattering of quarks and gluons and is ex-
pected to be fairly insensitive to the momen-
tum distributions of the partons.

 Di-jet angular distributions can help identify
whether the excess in the data at high Fr is a

signal of ncw physics.



The di-jet mass is calculated from

M}j =2 Ep; - Ers - (cosh(An) — cos(Ag))

In order to allow an easier comparison with
theory the angular distribution is plotted in
the variable y defined as

1 4+ cos §*

1 8* — e[ﬂl“ﬂ?l
— COS

y =

where 0* is the center of mass scattering angle.

The quantity x uses only angles and is less sen-
sitive to the energy scale of the detector.

Two dominant sources of systematic error arise
from multiple interactions and the energy scale
dependence on 7.



The data is in good agreement with NLO QCD
calculations.
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Data excludes (at the 95% CL) a contact inter-
action scale of A}, < 1.6 TeV and A; < 1.4 TeV.

For a model where all quarks are composite
AT < 1.8 TeV and A~ < 1.6 TeV.



The D@ measurements are at higher y values.
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Conclusions

Inclusive jet cross section results has stimu-
lated theoretical activity at understanding the
comparison of the data with QCD predictions.

Modification of the gluon distribution param-
eterization leads to an improved fit at high Erp.

The CDF and DO inclusive jet data agree within
systematic errors.

Looking at the effects of changing input pa-
rameters on the theory predictions.

Preliminary results for the inclusive di-jet dif-
ferential cross section has been presented.

Large 7 allows one to explore higher r. Have
data in the high z and high Q? region.

At large n and high £, a large fraction of events
have four or more jets while MC calculations
are only available at O(a}).

Di-jet angular distributions are consistant with
NLO QCD calculations and limits have been

determined for the contact interaction scale.
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