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QCD RESULTS FROM THE TEVATRON�Christina Mesropianfor CDF and DO= CollaborationsThe Ro
kefeller University1230 York Ave., Box 125, New York, NY 10021, USA(Re
eived July 1, 2002)We present results from QCD studies at the Tevatron from Run 1data, in
luding jet and dire
t photon produ
tion, and a measurement ofthe strong 
oupling 
onstant.PACS numbers: 12.38.Qk, 13.87.Ce, 13.85.Ni, 13.85.Qk1. Introdu
tionThe Tevatron hadron 
ollider provides the unique opportunity to studyQuantum Chromodynami
s, QCD, at the highest energies. The results sum-marized in this talk, although representing di�erent experimental obje
ts,as hadroni
 jets and ele
tromagneti
 
lusters, serve to determine the fun-damental input ingredients of QCD as well as to sear
h for new physi
s.For example, results from Tevatron jet produ
tion are used extensively toderive new parton distribution fun
tions, and photon data are applied todis
riminate between di�erent approa
hes used to understand the disagree-ment with theory at small photon transverse momenta. The measurementof �s from the in
lusive jet 
ross se
tion, by itself, serves as a proof thatTevatron QCD results are in the `pre
ision' study regime now and alreadystarted Run II, with signi�
antly in
reased data samples, will expand ourknowledge of QCD.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2909)



2910 Ch. Mesropian2. Jet produ
tion at the TevatronThe in
lusive jet 
ross se
tion measurement from CDF is based on a datasample of integrated luminosity 87 pb�1 
olle
ted during the 1994�95 run(Run 1B) of the Fermilab Tevatron �pp 
ollider operating at ps = 1:8 TeV.Details of the measurement of the in
lusive jet di�erential 
ross se
tion 
anbe found in [1℄. Brie�y, jets are re
onstru
ted using the iterative �xed 
one
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Fig. 1. (left) CDF in
lusive jet 
ross se
tion from Run 1B data (1994�1995) 
om-pared to a QCD predi
tion and to the published Run 1A results; (right) Comparisonof CDF and DO= data to DO= smooth 
urve.algorithm with 
one radius R = 0:7 1. The in
lusive jet 
ross se
tion in
ludesall jets in an event in the pseudorapidity range 0:1 < j�j < 0:7. The mea-sured spe
trum is 
orre
ted for 
alorimeter response, resolution and under-lying event energy using an iterative unsmearing pro
edure, whi
h 
hangesboth the energy s
ale and the normalization simultaneously. Fig. 1(left)shows the 
orre
ted Run 1B 
ross se
tion 
ompared to Run 1A results. Theresults of Run 1B and Run 1A are in good agreement. A 
omparison be-tween CDF and DO= results [2℄ is shown in Fig. 1(right). The �2 betweenthe CDF data and the DO= 
urve (see Fig. 1(right)) for 29 CDF points is28.7, if all systemati
 un
ertainties are in
luded and the relative normaliza-tion is taken into a

ount, demonstrating that the CDF and DO= data arein good agreement. A new pro
edure was developed to 
ompare data withtheoreti
al predi
tions for ea
h PDF, by dire
tly 
omparing �raw� un
or-re
ted experimental data to theoreti
al predi
tions �smeared� with dete
torresolution e�e
ts. It was found that the data are best des
ribed by QCD1 For all jet measurements reported in this pro
eedings jets were re
onstru
ted using
one algorithm.
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50 100 150 200Fig. 2. (upper) Comparisons between the DO= data and NLO QCD predi
tions
al
ulated by JETRAD using CTEQ4HJ and MRSTg"; (lower) per
ent di�eren
ebetween the CDF dijet di�erential 
ross se
tion and theoreti
al predi
tions for fourPDFs.



2912 Ch. Mesropianpredi
tions using the PDFs whi
h have a large gluon 
ontent at high ET-CTEQ4HJ. The data are 
onsistent with QCD predi
tions and the ex
essat high ET 
ould be a

ommodated within the �exibility allowed from the
urrent knowledge of PDFs.Both 
ollaborations worked on analyses whi
h provide information fornew regions of x and Q2. The DO= 
ollaboration studied the in
lusive jet
ross se
tion as a fun
tion of jet ET in �ve intervals of pseudorapidity, �,up to j � j=3 [3℄. This measurement, based on 95 pb�1 of data, has sig-ni�
antly extended the kinemati
 rea
h by 
overing the new low x region.Fig. 2(upper) provides 
omparisons to theoreti
al predi
tions with renor-malization and fa
torization s
ales set to half of the leading jet ET, wherethe error bars are statisti
al and the shaded bands represent �� systemati
un
ertainties. The theoreti
al predi
tions are in good quantitative agree-ment with the experimental results, with the data indi
ating preferen
e forCTEQ4HJ, MRSTg" and CTEQ4M PDFs.CDF also measured the two-jet di�erential 
ross-se
tion as a fun
tion ofET of the leading jet with 0:1 <j � j< 0:7 for four di�erent pseudorapiditybins of a se
ond jet 
overing 0:1 <j � j< 3:0, see Fig. 2(lower). This mea-surement [4℄ probes regions of both low and high x (from 0.05 to 0.8) andshows the same ex
ess in the high ET region as the results from the in
lusivejet 
ross se
tion.3. Measurement of the strong 
ouplingThe value of �s, a free parameter of QCD, is one of the fundamental
onstants of nature. Its determination is the essential measurement of QCD,and the observation of its evolution, or running, with momentum transfer isone of the key tests of the theory. The measurement of the strong 
oupling
onstant at CDF [5℄, see Fig. 3, is based on the in
lusive jet 
ross se
tion.By 
omparing the experimental data with the theoreti
al predi
tion one
an extra
t �s(ET) values for all ET bins, and evolve them to the 
ommonreferen
e s
ale �s(MZ). The value of the strong 
oupling 
onstant averagedover the ET range of 40�250 GeV was found to be �s(MZ) = 0:1178 �0:0001(stat:) � 0:0081=0:0095(exp.syst.) The theoreti
al un
ertainties dueto the 
hoi
e of the renormalization/fa
torization s
ale and 
hoi
e of PDFare estimated to be �5% ea
h. The result, whi
h provides measurement of�s from a single experiment over a very wide range of energies, agrees wellwith the world average.
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Fig. 3. CDF �s(EjetT ) and �s(MZ) (inset).4. Dire
t photon produ
tionDire
t photons, whi
h are produ
ed dire
tly from p�p 
ollisions, as dis-tinguished from photons produ
ed in de
ays of se
ondary hadrons, providea probe of the hard s
attering dynami
s whi
h 
omplements that of jet pro-du
tion. Compared to hadroni
 jet produ
tion, dire
t photons have theadvantage of lower PT rea
h, and most important, the ability to measureET more pre
isely. However, one has to deal with lower statisti
s and ba
k-ground from neutral pion produ
tion. Experimental results from the CDFand DO= 
ollaborations show disagreement with NLO QCD predi
tions atlow transverse momentum. CDF results [6℄ show good agreement with DO=data [7℄ at 1800 GeV, and results at 630 GeV agree very well with UA2measurement. However, there is signi�
ant disagreement with theory at thelow xT = 2PT=ps region, see Fig. 4(left), whi
h is di�
ult to explain with
onventional theoreti
al un
ertainties, su
h as s
ale dependen
e and partondistribution parametrizations. The D0 
ollaboration measured the dire
tphoton 
ross se
tion at 630 GeV in two rapidity regions, j � j< 0:9 and1:6 <j � j< 2:5, and 
ompared it with results at 1800 GeV. The measure-ment [8℄ is higher than the theoreti
al predi
tion at low ET in the 
entralrapidity region, see Fig. 4(right), but the deviation is not signi�
ant in lightof 
ombined statisti
al and systemati
 un
ertainties of the ratio measure-ment.
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Fig. 4. (left) Comparison of the 1800 GeV and 630 GeV CDF data to a NLO QCD
al
ulation as a fun
tion of photon xT; (right) ratios of dimensionless 
ross se
tionsfrom DO= . 5. Run II resultsBoth Collaborations have started to 
olle
t and analyse Run II data pro-du
ed by the Tevatron 
ollider with in
reased 
enter-of-mass energy(1960 GeV). In
reased statisti
s (with an expe
ted data sample of 2 fb�1for ea
h experiment) will allow to obtain higher pre
ision in QCD mea-surements. Preliminary results for jet and photon produ
tion show that theCDF and DO= dete
tors operate properly after upgrade, and that Run 2 QCDmeasurements are well under way.REFERENCES[1℄ T. A�older et al., Phys. Rev. D64, 032001 (2001).[2℄ B. Abbott et al., Phys. Rev. D64, 032003 (2001).[3℄ B. Abbott et al., Phys. Rev. Lett. 86, 1707 (2001).[4℄ T. A�older et al., Phys. Rev. D64, 012001 (2001).[5℄ T. A�older et al., Phys. Rev. Lett. 88, 042001 (2002).[6℄ D. A
osta et al., Phys.Rev. D65, 112003 (2002).[7℄ B. Abbott et al., Phys. Rev. Lett. 84, 2786 (2000).[8℄ V.M. Abazov et al., Phys. Rev. Lett. 87, 251805 (2001).


