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A measurement is presented of the two-jet differential cross sedfiodErd»,d 7, at center of mass
energy\/§= 1800 GeV iancoIIisions. The results are based on an integrated luminosity of 85 ghilected
during 1994 to 1995 by the CDF Collaboration at the Fermilab Tevatron collider. The differential cross section
is measured as a function of the transverse enErgygf a jet in the pseudorapidity region 61 7,|<0.7 for
four different pseudorapidity bins of a second jet restricted te<{74|<3.0. The results are compared with
next-to-leading order QCD calculations determined using the CTEQ4 and MRST sets of parton distribution
functions. None of the sets ex,amined in this analysis provides a good description of the data.

DOI: 10.1103/PhysRevD.64.012001 PACS nuni®erl3.85.Rm, 12.38.Qk

Jet production in proton-antiproton collisions results pre-which the second jet has a larges value. For a giverx we

dominantly from hard interactions between two initial statehaye four measurements at what are effectively different val-
partons. Theoretical developments in both perturbative nexiges ofQ2 the square of the four-momentum transferred in
to-leading ordeXNLO) and parton shower Monte Carlo cal- he interaction, calculated by

culations permit calculation of many QCD jet processes with

theoretical uncertainties small enough to allow detailed com-

parison with measured distributioff4]. In this paper, we Q?=2E2 cosi* (1—tanhy*) *:}( — )
present a measurement of the dijet differential cross section T K 7T T 2)

that provides more precise information about the initial state 2
partons than has been probed by previous Collider Detector

at Fermilab(CDF) measurements of inclusive jet transversethe four distributions in this analysis allow us to measure
energy[2], total transverse enerd@], and dijet maspA]. Al the cross section on a surface in #h&?2 phase space whose
previous measurements showed an excess of events at highyne s sensitive to the predictions of different PI#s

jet energies when compared to the QCD prediction based on The previous constraints on the parton distributions at
standard sets of parton distribution functiof®DFg. One high x comes mainly from prompt photon production pip
explanation for this excess is a larger than expected numbey; pA collisions from WA70[9] and the E70610] experi-

of high momentum partons, particularly gluons, in the protony,ants and inclusive jet data from the Tevatf@h The data
[5,6]. The observed excess can be accommodated by addiRg) ot constrain the parton distributions very well at high

additional flexibility to the gluon parametrization and includ- 1o higher statistics of this measurement together with the
ing the data in global fit$5,6]. While those measurements multiple cross section measurements at diffe@ftfor ap-
provide cross sections averaged over a wide range in theBroximater the same provide a more precise set of data
variable, in this analysis we reduce the region over whichypich can be used to determine improved sets of PDFs. The

averages are taken by measuring the cross section for follf,rent measurement, based on data of an integrated lumi-
separate ranges. This provides more detailed information . 1 — .
osity of 86 pb * from 1.8 TeV pp collisions taken during

about the cross section shape. Previous published measu : ;
ments of the dijet differential cross section have been pert e 1994 to 1995 Fermilab Tevatron collider run, covers the

- oo 0.05x;,=<0.8.
formed by the CDH7] based on an integrated luminosity of range 1 . . . . :
22.1 nb 1. The present measurement places new constraints The_ CDF dgt_ector is described in detail [i]. In th's.
on the parton distributions of the proton. analysis we utilize the ce_ntral, plug, and forward calon_m_-
Jet production rates are usually expressed in terms of th%i';e'| 7;161 ie'&tglsggrlggmsgeirn tgop\)/r?)rjsec::/ee th))\SNeeurgOc:?Eilggy
transverse energytr, and pseudorapidityy, of the jets, AnpXA¢=0.1X0.26, whereg is the azimuthal angle in ra-

where 7 is related to the polar angle relative to the proton dians. The plug (1Z|7<24) and forward (2.4

beam line byzn= _|n[t§n(9/2)]'_At leading order ”_1 QCD, <|#n|<4.2) calorimeters are segmented by approximately 5°
the proton,p, and anti-protonp, momentum fractionsx, in ¢ and 0.1 iny. The event vertex is resolved to within 1

andx, carried by the two colliding partons can be expresseq,,, along thez axis, using time projection chambers sur-
as rounding the beam pipe.
A cone algorithm  with cone radius R

= Tl(emten), xpe (e mie ). (1) =V(AE)T+(A7)?=0.7 is used to identify jet§l2]. Trans-
Js Js verse energy is defined &= E sin#, whereE is the scalar

sum of energy deposited in the calorimeter towers within the
Here 5, and 7, are the pseudorapidities of the two je{s,is  cone and is the angle formed by the event vertex, the beam
the center of mass energy of the colliding hadronsBfds  direction, and the cone center. Our data sample consists of
the transverse energy of the leading jet. For a fikgdand  events collected by on-line identification of at least one jet
71, one can probe highex values by selecting events in with transverse energy above trigger thresholds ofJ2D),

50 (350, 70 (J70, and 100 GeMJ100 at integrated lumi-

nosities of 0.091, 2.2, 11, and 86 ph respectively. The bin

*Now at Carnegie Mellon University, Pittsburgh, Pennsylvaniawidths in E;+ were chosen to be larger than the measurement

15213. resolution orE+ and to ensure sufficient statistics in the bins.
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In this analysis we use events with at least two jets of TABLE |. The measured dijet differential cross sections for
E;+>10 GeV of uncorrected energy. We consider events if.1<|7,/<0.7 and 0.%|7,|<1.4. The differential cross section is
which the Er-weighted centroid of at least one of the two given for the averag&r of the bin. The statistical and systematic
highestE jets is in the range 0| |<0.7. This “leading”  €'Tors are shown as a percentage of the central value.
jet is required to deposit more than 40 G&¢, prior to
corrections, in the central calorimeter. In addition, the cen- 0.1<|7,|<0.7 0.7<| 7| <1.4
troid of the second leading jet is required to be in the regiodEr) ~ do/dEr  stat syst (Ey)  do/dE;  stat syst
0.1<|7|<3.0, and the primary event vertex must be locatedGeV) (b/GeV) % % (GeV) (nb/GeV) % %
within £60 cm of the nominal interaction ppint. Poorly mea- 4, 12%100 13 195 431 1.2910° 1.3 215
sured events ar_ld background from cosmic rays, beam halgg g gas1® 17 184 495 64%10° 1.7 196
and detector noise are removed by requiring that total energys o 5 78:10° 16 172 585 26%51F° 16 17.8

recorded by the detector be less than 2000 GeV an 55 754101 24 159 752 678101 25 162

ET/\/EET<6\_/GeV, wheref; is the missing transverse en- 943 22%10! 12 153 940 18710 13 157
ergy and E+ is the scalar sum of the total transverse energy,ne e 1110°> 15 146 1062 938102 1.6 15.1

ng et for he folowing Tours bns of 1 scond leading ot 1195 SSX10°2 11 146 1101 454107 12 152
9] 9 n g 1325 3.1%102% 1.2 145 1320 24%102 13 154

in the event 150.8 141072 0.6 14.8 150.0 1.0810°2 0.6 16.0
0.1<|7,|<0.7, 0.%|n,|<1.4 1744 55X10°° 0.8 152 173.2 3.8810° 0.9 16.9

2094 16%10°° 11 16.2 2069 9.9210% 1.4 189

La<|p,|<2.1, 2.5|n,<3.0. 264.1 31k10* 25 18.3 260.5 1.3810°% 3.9 22.9

318.2 6.0610°° 59 20.7 313.7 1.9810° 10.4 27.7

The 7, ranges were chosen to place regions of reduced re382.4 1.14107° 109 245 373.9 3.3710 ° 21.3 346

sponse(due to gaps between detectowsithin single bins

while at the same time maintaining a sufficient number of

events in the bins. Both jets are included in the distributionof the jet E; magnified by the steep slope of tikg spec-

for the 0.1X|#,/<0.7 bin if each satisfies the requirement trum. Although the same sources of uncertainty contribute to

0.1<|7|<0.7 andE+>40 GeV. the cross section of eadhy bin, the uncertainty depends on
The trigger efficiency was measured using overlapfiing the local slope of th& spectrum. The systematic uncertain-

regions for the different trigger thresholds. For example, taies were evaluated as in Refg] and[13]. The uncertainties

determine the J50 trigger efficiency the J20 sample is usednclude: charged hadron response at hpghth pt); calorim-

The ratio of events passing the J50 trigger in the J20 sampleter response to lows hadrons(l pt); =1 % on the jet

to all events in the J20 sample is used to determine the J5hergy of the absolute calibration of the caloriméesn; jet

trigger efficiency. For the 20 GeV trigger threshold, for fragmentation functions used in the simulatidifrag);

which no lowerE; trigger was available, the second jet in +30% on the underlying event energy in the jet conevb;

the event was used to determine the trigger efficiency. As @etector response to electrons and phot@Ash; and mod-

cross check, events collected with a minimum bias trigger

Wgre also used to determine the J20 tr'igger efficiency, "_’md TABLE Il. The measured dijet differential cross sections for
this method gave the same result but with a larger statistical 4|, <21 and 2.5 | 7,/ <3.0. The differential cross section is
uncertainty. For the four trigger thresholds, the trigger effi-giyen for the averag&; of the bin. The statistical and systematic

ciency was found to be greater than 90'% for jetsqu errors are shown as a percentage of the central value.
greater than 40, 82, 105, and 130 GeV. Since the calorimet

ric response varies as a function gf the trigger response 1.4<|p,l<2.1 2.1< | 5,/<3.0
was determined separately for eagh bin. (E  doldE; stat syst (Ef) do/dE; stat syst
The measured jeEr must be corrected for calorimeter (Gev) (nb/GeM % % (GeV) (nb/GeV) % %
non-linearity and loss of energy in the gaps between calorim
eters. In addition, the measured JE spectrum must be 421 ~ 11410' 1.4 226 409 58510 20 273
corrected for the smearing effect caused by the resolution i#8.9 5041 1.9 208 475 23810 27 251
the measured jeE;. We simultaneously correct all these 580  1.9%10° 19 194 562 7.8810"' 3.0 237
effects with the procedure used in our previous measuremef#.3 ~ 47%10°* 3.0 184 717 14810 "' 58 235
of the inclusive jetE; spectrum[2]. For the centraly bin 930 1.0&10°! 1.7 185 904 198102 43 250
(0.1<| 5,|<0.7) at 40 GeV, the correction to the measured104.9 4.8%10°% 2.3 184 101.8 7.4710°° 6.1 26.1
E; is approximately 4%, while the correction to the mea-117.5 22%102 1.8 19.0 1142 22810 ° 59 27.9
sured cross section is about 19%. The correction to the cross80.0 1.0x10°2 2.1 19.7 126.0 8.1810 % 83 29.8
section increases to 70% for the bin 2[7,|<3.0. The cor-  147.4 3.4&10° 1.2 21.0 1425 1.8910“% 55 327
rected cross section values are given in Tables | and Il an@d69.8 9.5% 104 2.0 229 163.7 2.3910° 14.7 36.4
plotted in Fig. 1. 200.8 1.8%10 % 3.6 263 191.4 3.6410° 33.3 404
The systematic error on the measurement of the jet crosss2.7  1.06¢10°° 15.8 33.3
section is dominated by the uncertainty in the measurement
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FIG. 1. The differential cross section for dijet events as a func-
tion of transverse energf, and pseudorapidityy, of one jet, for FIG. 2. The differential cross section for dijet events as a func-
4 ranges in the pseudorapidity of the other jet. The results are contion of transverse energf;, and pseudorapidityy, of the leading
pared with QCD predictions using different parton distribution jet, for four ranges in the pseudorapidity of the second leading jet.
functions. The results are compared with QCD predictions using different par-
ton distribution functions. The statistical error is represented by the
eling of the detector jet energy resolutitres. The resolu- €' bars while the correlated systematic error is shown as the
tion on the measured causes events to migrate betweenShaded band.
adjacent bins. In the highestbin, the gap between the plug
and forward calorimeters results in decreasgdesolution  greater than 20 GeV, 50 GeV and 70 GeV were assigned 4,
and has the effect that more events migrate out of the bi2 and 2 percent errors respectively, associated with prescal-
than into it. To compensate for this effect, we have appliedng. An overall luminosity uncertaintgnorm) of 4 percent is
anEq-dependent correction which is less than 8% in all binsadded in quadrature with these. The sources of systematic
The effect was studied by breaking it into two componentserrors are listed in Tables IlI-VI as percentages of the cen-
the resolution on the measured(»n res and a systematic tral E; value for eachE; and » bin. In general the percent
shift in the reconstructed; (# sh). It is included in the error increases ag, increases.
systematic error by looking at the result on the cross section In Fig. 2, the difference between the fully corrected two-
when doubling and halving the correction. Bins for which jet differential cross section and the predicted cross section is
events were collected using triggers with uncorrected energglivided by the predicted cross section and plotted as a func-

TABLE Ill. The systematic errors for the 0<1%,<<0.7 bin given as a percentage of the central value. The
E- values are specified at the bin average. A reference to the sources of systematic errors is given in the text.

(ET) elph uevt frag esc cres Ipt hptypsh pres norm J20 J50 J70 tot

43.9 25 127 79 41 49 73 26 2.5 0.4 40 40 20 20 195
50.0 26 111 80 40 45 73 29 2.5 0.4 40 40 20 20 184
58.9 26 91 81 40 40 71 34 2.5 0.4 40 40 20 20 172
75.5 28 66 81 41 32 6.7 43 2.5 0.4 40 40 20 20 159
94.3 29 51 79 43 26 6.2 53 2.4 0.4 40 40 20 20 153
106.6 29 44 77 45 23 59 59 2.4 0.4 40 00 20 20 146
1195 30 40 76 46 21 55 66 2.4 0.4 40 00 20 20 146
1325 31 36 74 48 20 52 73 2.3 0.4 40 00 00 20 145
1508 32 33 73 51 20 48 81 2.3 0.4 40 00 00 20 148
1744 33 31 72 54 21 44 91 2.2 0.4 40 00 00 00 152
2094 36 29 74 59 24 40 105 20 0.4 40 00 00 00 16.2
2641 42 27 83 67 29 40 123 17 0.3 40 00 00 00 183
3182 49 25 100 74 35 48 138 1.2 0.3 40 00 00 0.0 207
382.4 58 23 134 82 50 6.8 150 0.6 0.9 40 00 00 00 245
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TABLE IV. The systematic errors for the G:77,<1.4 bin given as a percentage of the central value. The
E- values are specified at the bin average. A reference to the sources of systematic errors is given in the text.

(Eyy elph uevt frag esc cres Ipt hptypsh nres norm J20 J50 J70 tot

43.1 26 150 83 42 61 7.7 27 0.6 0.3 40 40 20 20 215
49.5 26 123 85 41 54 76 31 0.5 0.3 40 40 20 20 196
58.5 27 95 86 41 46 74 36 0.5 0.3 40 40 20 20 178
75.2 28 6.6 85 41 34 70 46 0.5 0.3 40 40 20 20 16.2
94.0 30 50 84 43 26 65 57 0.4 0.2 40 40 20 20 157
1062 31 45 83 45 23 62 64 0.5 0.2 40 00 20 20 151
1191 32 41 82 48 22 59 7.2 0.5 0.2 40 00 20 20 152
1319 33 39 81 51 21 56 79 0.5 0.2 40 00 00 20 154
1500 35 38 81 55 23 52 090 0.6 0.3 40 00 00 20 16.0
1732 38 37 82 61 26 49 103 0.7 0.3 40 00 00 0.0 16.9
2069 42 36 87 71 33 47 122 10 0.5 40 00 00 0.0 189
2605 51 35 104 89 45 50 152 17 11 40 00 00 0.0 229
3137 6.0 34 132 109 54 6.0 182 26 2.3 40 00 00 0.0 277
3739 71 32 179 135 6.7 81 217 3.9 4.7 40 00 00 0.0 346

TABLE V. The systematic errors for the k45,<2.1 bin given as a percentage. The values are
specified at the bin average. A reference to the sources of systematic errors is given in the text.

(ET) e/ph uevt frag esc «cres Ipt hptypsh xres norm J20 J50 J70 tot

42.1 28 157 85 43 66 7.8 28 3.6 0.5 40 40 20 20 226
48.9 29 128 89 46 58 80 31 3.4 0.5 40 40 20 20 208
58.0 30 102 93 48 50 80 37 3.2 0.4 40 40 20 20 194
74.3 32 76 96 51 40 79 51 3.0 0.3 40 40 20 20 184
93.0 35 63 98 54 36 75 69 2.6 0.2 40 40 20 20 185
1049 37 58 100 56 35 73 80 2.4 0.2 40 00 20 20 184
1175 40 56 101 59 36 70 93 2.2 0.1 40 00 20 20 190
1300 42 54 103 63 38 69 105 21 0.1 40 00 00 20 197
1474 46 52 106 69 43 6.7 121 1.8 0.5 40 00 00 20 210
169.7 51 51 112 78 50 65 141 16 1.2 40 00 00 0.0 229
2008 58 49 124 95 6.1 67 168 1.2 2.7 40 00 00 00 262
2527 73 46 154 132 85 7.8 208 0.8 6.7 40 00 00 0.0 333

TABLE VI. The systematic errors for the 217,<3.0 bin given as a percentage. TEe values are
specified at the bin average. A reference to the sources of systematic errors is given in the text.

(Ey) elph wuevt frag esc «cres |Ipt hptypsh nres norm J20 J50 J70 tot

40.9 31 199 97 49 90 90 32 31 0.5 40 40 20 20 273
47.5 33 163 103 53 83 92 39 29 0.4 40 40 20 20 251
56.2 36 134 109 57 75 95 48 27 0.2 40 40 20 20 237
717 41 108 121 64 65 98 68 25 0.2 40 40 20 20 235
90.4 48 97 133 74 65 100 93 29 0.7 40 40 20 20 250
1018 52 94 189 80 70 101 110 33 1.0 40 00 20 20 261
1142 57 92 145 87 80 101 129 4.0 1.3 40 00 20 20 279
1260 6.1 91 151 94 93 101 147 4.9 1.7 40 00 00 20 298
1424 6.8 9.0 158 103 11.0 100 174 6.4 2.2 40 00 00 20 327
1636 7.7 89 165 115 119 97 209 8.9 2.9 40 00 00 0.0 364
1914 88 88 173 130 73 93 258 132 40 40 00 00 0.0 404
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tion of the leading jeE for the four 5 ranges of the second ~ TABLE VII. The x?/DOF between the data and the prediction
jet. The theory predictions were calculated using the NLOof Gieleet al. for different PDFs. The fit to the data has 51 degrees
calculation of thedETRAD program[14] with the PDFs indi-  of freedom.

cated. The calculations use a renormalization scale

=ET%/2 with Rye;=1.3, where R, is a measure of the PDF X*IDOF PDF X"/DOF
maximum separation between the cones of two jets that argrsTt 2.68 CTEQ4HJ 2.43
merged into one. The error bars represent the statistical efarsT(g1) 363 CTEQ4M 2.88
rors, while the shaded bands represent one standard deviatigkst(g ) 4.49

of the systematic error, which is correlated for all the differ-
entE; values. The data are compared to the predicted cross
section obtained using the PDF set CTEQ#BI The solid  data and theoretical prediction for binThe average of the
curve shows the expected results when using CTEQ8HJ  ypper and lower errors is used when calculating feThe
and the dashed curves show the results when using the PBF/DOF values for different PDFs are presented in Table
set of Martin, Roberts, Sterling, and Thor(MRST) [15]. VII. Although the cross sections predicted by the MRST
The observed excess of events at highvalues in the  ppFs are lower than the data by 20%, they have simifar
inclusive jet cross section measurement may be explaineghjyes to those predicted with CTEQ4M. This is because the
within the framework of conventional QCD by exploiting the systematic errors allow a correlated shift in the data which
relatively weak restriction on the gluon density at high6].  makes only a small contribution to the totef. Predictions
The CTEQ4 PDFs use a more flexible parameterization ofyhose shape matches that of a correlated systematic error
the gluon density at high than is present in other sets. The | give reasonable? values provided that the normaliza-
CTEQA4 set of PDFs include the inclusive jet data from thetijon between the data and prediction are within a few stan-
Tevatron. The CTEQ4HJ PDF gives a higher weight to thejard deviations. The probability of describing the data with
inclusive jet data while still maintaining agreement with thethe PDFEs used in this analysis is less than 1% in all cases.
other data sets used in the fit. _ . In summary, we have measured the differential cross sec-
ine-lrahseti(I:\ASRcSa-tl:cesr’iertI;f dF;E;FZr:Z t;lfseirlwniriggj\?e(rjart]r%?ﬂ?rgedrsteqfn for dijet production inpp col_lisions with one jet re-
heavy flavors and prompt photon production than do previ—d.fr]iCted o thedpseuqdqrapt))l_dny ;eg|on @:%77-1|<0'7 for lzjour_ hi
ous MRST sets. The main constraint upon the gluon at hig ifterent pseudorapidity bins of a second jet resiricted within
x comes from prompt photon production from the WATE) .1<_| 7,|<3.0. By allowing the pseudorapidity of the sec-
and E70610] data. The set MRST(f) was derived assum- ond jet to vary through 0s||<3.0, we are able to map

out the cross section over the available kinematic phase

ing that there is no initial state partonic transverse momenépace and provide a differential cross section that more

tum ((ky)=0); this does not lead to a good fit for the prompt ; . PR
photon data from the E706 experiment. The set Iabeleﬁtinghtly constrains the parton distributions of the proton than

. : . measurements previously reported by us. The measure-

mgiﬁla(igiln)g Vrv:assgr?zggleedag)r/eglrlr?(\e,vr:tn\?vi {;1031' ze\/rvdg;ovégtlg Thg;ent provides more precise information about the parton dis-
' ibuti f th in the highregi hich i
MRST(g]) set has(k;)=0.64 GeV. These wo sets repre- ibutions of the proton in the higkregion, an area which is

. not well constrained, and will provide useful input to QCD
sent the extreme values @k;) that yield reasonable agree- b P Q

. . . lobal fits. The resulting improved sets of PDFs will help to
ment with the data used in the fit. The set labeled MRSﬁurther enhance our knowledge of the structure functions of

represents the preferred set from the global analysis and h
(kr)=0.4 GeV. e proton.
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