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We present a measurement of the cross section for production of two or more jets as a function of dijet mass,
based on an integrated luminosity of 86 plrollected with the Collider Detector at Fermilab. Our dijet mass
spectrum is described within errors by next-to-leading order QCD predictions using CTEQ4HJ parton distri-
butions, and is in good agreement with a similar measurement from the D@ experiment.

PACS numbes): 13.85.Rm, 12.38.Qk

Hard collisions between protons and antiprotons predomiguantum chromodynamic€QCD) and a constraint on the
nantly produce dijet events, which are events containing aparton distributions of the proton. We previously reported
least two high energy jets. A measurement of the dijet masmeasurements of the inclusive jet transverse enekp) (
differential cross section provides a fundamental test obpectruni1] and the cross section for events with large total
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E+ [2]. Both measurements indicated an excess of events aays, beam halo, and detector noise were removed by requir-
high E; compared to the predictions of QCD. This Rapiding E/\JZE;<6 GeVW? andSE<2 TeV, whereF+ is the
Communication presents our most recent measurement of theissing transverse enerd$0], 2E is the total transverse
dijet mass spectrurf8] and compares it with the predictions energy(scalar sumy andXE is the total energy in the event.
of next-to-leading order QCD and the measurement éf DOThese cuts selected 60998 events.
[4]. This measurement, with an integrated luminosity of 86 The dijet mass resolution was determined using the
pb~1, is significantly more sensitive to events at high dijetPYTHIA [11] Monte Carlo program and a CDF detector simu-
mass than our previous measurements of the dijet mass spdation. The true jet is defined from the triés: of particles
trum [5] with integrated luminosities of 4.2 pB and 26  emanating from the hard scattering, using the same jet algo-
nb~ 1. We recently used this data sample combined with 20ithm as described above, but applied to towers of e
pb~ ! of older data to measure dijet angular distributipfs  The trueE; of a tower is theE; of the generated particles
and to search the dijet mass spectrum for new particles dehat enter the tower. The simulated jet usesEheof simu-
caying to dijetq 7]. lated calorimeter towers and the jet energy corrections for
A detailed description of the Collider Detector at Fermi- the CDF detector simulation. THe; of the simulated jets is
lab (CDF) can be found elsewhef8]. We use a coordinate corrected to equal th&; of the corresponding true jet on
system with thez axis along the proton beam, transverseaverage. The dijet mass resolution functip@iyi,m), is then
coordinate perpendicular to the beam, azimuthal angle defined as the distribution of simulated dijet mas$ésfor
polar angled, and pseudorapidityy= —Intan(6/2). Jets are each value of true dijet mass). The dijet mass resolution
reconstructed as localized energy depositions in the CDWwas determined for six values of between 50 and 1000
calorimeters, which are arranged in a projective tower geomGeV/c? and then a single smooth parametrization was used
etry. The jet energyE, is defined as the scalar sum of the to interpolate between these values. The dijet mass resolution
calorimeter tower energies inside a cone of radRs is approximately 10% for dijet masses above 150 G8V/
=J(A7)?+(A¢)?=0.7, centered on the jet direction. Jets  The steeply falling dijet mass spectrum is distorted by the
that share towers are combined if the tdfal of the shared dijet mass resolution. We correct for this distortion with an
towers is greater than 75% of tiig of either jet; otherwise unsmearing procedure. Define the smeared spectsyin),
the towers are assigned to the nearest jet. The jet momentums the convolution of the true spectrufii(m), and the dijet
P, is the vector sumP=3E;U;, with (; being the unit vec- Mass resolution:S(M)=[T(m)p(M,m)dm. We param-
tor pointing from the interaction point to the energy deposi-€trize the true Nd'Jgt mass _spectrum  with(m) = A(1
tion E; inside the cone. The quantiti&andP are corrected m/ s+ Cm?/s)"/m® where /s= 1800 GeV. Motivated by

for calorimeter non-linearities, energy lost in uninstrumented@CP: this parametrization models the parton subprocess

regions of the detector, and energy gained from the underl;ﬁmSS septic_m With an ipverse power of mass, and mode_ls the
. . —. X parton distributions using the term in parentheses. We fit the
ing event and addltlpnaip Interactions. We do_not correct gmeared spectrum to our data to find the value of the four
for energy lost outside the clustering cone, since a S'm'la[)arameters A=6.67x 1017 pb/(GeVk?), C=2.95, N

loss is present in the @) QCD calculation in which an " —6.98, andP=6.70. The fit has a2 of 20.5 for 14 de-
e>r<]tra gluon can be radiated outsidehthe jet clus(';ering CONG aas of ’freedom. The unsmearing correction factérs are
The jet energy corrections increase the measured jet energi n defined as the ratio of the smeared to true s’

. pectrum,
on average by 20%6%) for 100 GeV(400 GeV jets. Full K;=[;S(M)dM/J,T(m)dm, where the integration is over

details of jet reconstruction and jet energy corrections ahwlass bini. The value o, smoothly decreases from 1.07 at

CDF can be found elsewhef8]. _ 2 _ 2
We define the dijet system as the two jets with the highesglm oitShETy Gw? (Xte:a,set(s) ttof 1? I;;:u :%Aé% %2\\//%2’ ?r?]i ihoi?

transverse momentum in an eve(t&aollng 18t$ and define rected cross section as a function of dijet mass is given by
the dijet mass as = V(E;+E,)2— (P,+P,)2 Our data
sample was obtained using four triggers that required at least do/dM=n;/(K; L & AM), (1)

one jet with uncorrected cluster transverse energies of 20, 50,

70 and 100 GeV, respectively. After correcting the jet enerwhere for each mass binn; is the number of events; is

gies these trigger samples were used to measure the dijife integrated luminositye; is the efficiency of the trigger
mass spectrum above 180, 217, 292, and 388 G&M\t-  andzvertex selections, anlM is the width of the mass bin.
spectively, where the trigger efficiencies were greater than In Table | we list 12 independent sources of systematic
97%. The four data samples corresponded to integrated lumncertainty in the dijet mass cross section. They are the un-
minosities of 0.091, 2.2, 11, and 86 phbrespectively. We certainties in calorimeter calibratidial), jet fragmentation
selected events with two or more jets and required that théfrag), underlying event(uevi), calorimeter stability over
two leading jets have pseudorapidities|af,| <2 and|7,| time (stab, relative jet energy scale as a function of pseudo-
<2 and satisfylcos#|=|tant (7, — 7,)/2]| <2/3, whered*  rapidity [6] (rel), detector simulatior{sim), the unsmearing

is the scattering angle in the dijet center-of-mass frame. Theroceduregunsm), the tails of the resolution functioftails),
cos#* requirement ensures full acceptance as a function ofbsolute luminosity12] of the jet 100 triggeflum), and the

the dijet mass. The position of the event vertex was re- relative luminosities of the jet 20, 50, and 70 trigg€ig0,
quired to be within 60 cm of the center of the detector; thisJ50, and J70 The first four systematic uncertaintigh| are

cut removed 6% of the events. Backgrounds from cosmi@quivalent to a combined uncertainty in the determination of
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TABLE |. Systematic uncertainties on the cross sectwee text

Mass Systematic uncertainty on cross section in %
(GeVvic?) cal frag uevt  stab rel sim unsm  tails lum J20 J50 J70

188 B - 8 By 5 2 4 2 4 4 2 2
207 - 7 iy 5 2 4 2 4 4 2 2
228 8 6 o3 4 3 4 - 2 2
252 - 6 iy 6 3 4 3 4 - 2 2
277 G- 5 L6 3 4 4 4 - 2 2
305 8 5 7 6 4 4 4 4 - - 2
335 SR B S 4 4 5 4 - - 2
368 e 3 7 75 4 5 4 - - 2
405 ¥ 8 4 e 5 4 5 4 - - -
446 e 4 8 7 5 4 6 4 - - -
491 aeoon 4 8 7 6 4 6 4 - - -
539 T - A 6 4 7 4 - - -
592 e 3 9 6 4 7 4 - - -
652 HotE s S SR S 4 7 4 - - -
716 a2 s o8 7 4 8 4 - - -
784 g s ST 4 8 4 - - -
865 B S v S B2 s 4 9 4 - - -
968 TS P - 4 9 4 - - -

the dijet mass variable which decreases from 2.7%vat ration of jets in the data. Predictions are shown for various
=188 GeVk? to 2.3% atM =968 GeVt?. The uncertainty choices of parton distribution functions: CTEQ4M4] and

in detector simulation results from a 0.5% uncertainty in theMartin-Roberts-Stirling-ThorngMRST) [15] are standard
equality of the true dijet mass and the simulated dijet massets and CTEQ4H14] adjusts the gluon distribution to give
after all jet corrections are applied, independent from the firsa better fit to the CDF inclusive j&; spectrum at highe.

four systematic uncertainties mentioned above. To check thddowever, the authors of MRST(y and MRST(g) claim

our unsmearing procedure is internally consistent, we ap-

plied the unsmearing procedure to a simulated dijet mass TABLE Il. For each bin we list the average dijet mass, the
spectrum. The resulting; were in agreement with the ratios differential cross section, and the statistical and total systematic
of the simulated spectrum to true spectrum for each massncertainty on the cross section.

bin. Because of limited Monte Carlo statistics, the systematic
uncertainty on the consistency of the unsmearing proceduréin edge Averagé/ do/dM Statistical ~ Systematic
was 4%. The uncertainty in the dijet mass resolution due tqGeV/c?) (GeV/c?) (pb/GeVk?) uncertainty uncertainty
non-Gaussian tails was estimated by repeating the unsmear=

ing procedure with a Gaussian resolution. The systematic 188 6.0% 10" 32% Eg%
uncertainties on the luminosity for the jet 20, 50 and 70 198 207 3.4X10° 4.1% —17%
triggers came from the statistical uncertainty in matching the 217 228 1.8K10° 1.0% t1e%
cross section of each trigger with the next higher threshold 241 252 9.8x 10" 14% Te%
trigger (jet 70 was required to match jet 100 in the first bin of =~ 265 277 4.98 10" 1.8% %
the jet 100 sample, jet 50 was required to match jet 70).etc. 292 305 2.7&% 10 11% %
Each of the independent systematic uncertainties in Table | 321 335 1.4% 10 1.4% %%
are completely correlated as a function of dijet mass. 353 368 7.4x10° 1.9% 8o

In Table Il we present the fully corrected inclusive dijet 388 405 3.8%x10° 0.9% 2o
mass spectrum fopp— 2 jets + X, where X can be any- 427 446 1.8%x 10 1.2% 2%
thing, including additional jets. We tabulate the differential 470 491 9.0x10! 1.7% 2205
cross section versus the mean dijet mass in bins of width 517 539 45x10°* 2.3% )
approximately equal to the dijet mass resolution. Figure 1 568 592 1.9x10°! 3.3% 2%
shows the fractional difference between our data andi@( 625 652 7.4% 102 5.1% *204
QCD predictions from the parton level event generator ggg 716 2.9%10? 7.7% 8%
JETRAD [13]. Here the renormalization scale js= 0.5T%*, 756 784 1.1& 102 11 % 3004
whereET#*is the maximum jeE in the generated event. In 832 865 3.5%10°3 20% 2%
the JETRAD calculation, two partons are combined if they are 915 968 9.0%10°* 33% T34%

within Rge = 1.3R, which corresponds to the minimum sepa-
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8 “I“‘\“"\““\“\"M‘A;“““"\“‘ 8 il kil Rk i sl I SRR S R
s QCD: JETRAD, CTEQ4M, u=0.5E MX, R, =1.3R s o COF DATA I71< 2, lcost< 2/3
Tos| e coFpata In1<2 ] Tog |- © D0 DATA InI<1 ]
g o
! —— CTEQ4H €315 278 ! CDF SYSTEMATIC ERROR
X6 [ - MRST ] X 0 | — DB SYSTEWATIC ERROR 1
R - MRST(gt) =

...... MRST(g4)
04 - ] 04 | i
f AN
++¢¢% ooy
g 0 o8 )

-0.2 |- -
ERRORS ARE CORRELATED ~0.2 | QCD: JETRAD, CTEQ4M, u=0.5E M, R, =1.3R .
i PR R i tvealersyla ey s gl xvds il

‘ééé“éééﬂiééﬂééo‘ 600 700 800 900 ‘W‘OJOO 1560 300 400 500 ‘600 7(|)(‘)H800‘ ‘él‘)é“W‘O‘OO
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FIG. 1. The fractional difference between the measured differ- FIG. 2. The difference between CDF data and QCdlid
ential cross section and the QCD predictipoints as a function of  points as shown in Fig.)lcompared to the difference between D@
dijet mass. The band is the systematic uncertainty. The curves adata[4] and QCD(open points The solid curves are the D@ sys-
the fractional difference between other QCD predictions, for vari-tematic uncertainty.

ous choices of parton distributions, and our default QCD prediction _ o o
using CTEQ4M. compared with the statistical uncertainties. Such correlated

uncertainties can accommodate certain significant deviations
that these two sets represent the possible range of behavioriof both normalization and shape between the data and the
the gluon[15]. Figure 1 shows that the CTEQ4HJ prediction theory with a relatively small penalty ip?. Any theoretical
models the shape and normalization of our dijet data bettgsrediction whose deviation from the data matches the shape
than CTEQ4M. The CTEQ4M prediction changes by lessof a correlated uncertainty will give a reasonahié pro-
than 5% when the renormalization scale is changegtto vided that the normalization difference between the data and
=ET®, but it decreases between 7% and 17% for the prediction is no more than a few standard deviations.
=2ET?, and it decreases between 25% and 30% dor In conclusion, we have measured the cross section for

=0.25E1% In Fig. 2 we compare the fractional difference production of two or more jets in the kinematic regipm
between our data and QCD with that of the D@ experiment=<2 and|cos#*|<2/3 as a function of dijet invariant mass.
The D@ measuremerjd] and theJETRAD prediction ob- The data at the highest values of dijet mass are above the
tained by D@ required that each jet be in regiopj<1.0.  QCD predictions using standard parton distributions, similar

Figure 2 shows that our data and the D@ data are in gootP the excess at high; observed in previous measurements
agreement. of the inclusive jetE; spectrum[1] and the totalE; spec-

The covariance matrix for the dijet mass differen- trum [2]. The CDF data are described within errors by next-
tial cross section is defined asv”:gijgf(stat) to-leading order QCD predictions using CTEQ4HJ parton

12 - LA
+2k=1oi.(sys()aj(s.y§(). Here 5”,_1(0) for 'fj('ij)' TABLE Ill. x? and corresponding probability for theoretical
‘Ti(St_at) is the statistical uncertalnty_ln mass bm_and the predictions for the dijet mass spectrum with various choices of par-
sum is over each of the 12 systematic uncertainti¢sys)  ton distribution functions and renormalization scajes DET?*,

listed in Table I. Since the theory always predicts a smallefrhe row labeled Fit is the parametrization used in the unsmearing
cross section than the data, the positive percent systematigee text

uncertainty given in Table | was multiplied by the theoretical
cross section to determine the(sys). From the inverse of PDF D X Probability
the covariance matrix,\(1); j» and the difference between

the data and the theory in each bik,, we perform ay? CTEQ4M 0.25 66.0 2.210°°
comparison between the data and the theory. Table Il pre- 0.5 48.9 1-310:1
sents values fox?==3; ;A;(V~1);;A; and the corresponding 1.0 48.1 1.%x10

probability for a standarg/? distribution with 18 degrees of 2.0 52.5 1%x10°°
freedom(14 degrees of freedom for the row labeled Fur CTEQ4HJ 0.5 29.8 4810°°
data is in agreement within errors with the QCD prediction 1.0 26.1 9.&10°%
using CTEQ4HJ parton distributions, which has an enhanced CTEQ3M 05 45.7 3.310°°
gluon distribution at highE+. Our data exclude CTEQ4M 1.0 55.2 1.x10°°
parton distributions, which have a standard gluon distribu- MRST 0.5 38.7 3.x10°3
tion. The y? comparison shows that our data cannot exclude 1.0 335 1.5%102
with high confidence QCD predictions using MRST parton  MRST(g[) 0.5 36.1 6.%10°3
distributions, even though the normalization of that predic- MRST(g|) 0.5 38.3 3.510°°
tion is well beneath that of our data. This is because of the Fit - 20.5 1.2%10°!

presence of correlated systematic uncertainties that are large
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