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We report on measurements of the inclusive jet production cross section as a function of the jet
transverse momentum in pp collisions at /s = 1.96 TeV, using the ky algorithm and a data sample
corresponding to 1.0 fb™! collected with the Collider Detector at Fermilab in run II. The measurements
are carried out in five different jet rapidity regions with |y!| < 2.1 and transverse momentum in the range
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54 < pJTet <700 GeV/c. Next-to-leading order perturbative QCD predictions are in good agreement with

the measured cross sections.

DOI: 10.1103/PhysRevD.75.092006

L. INTRODUCTION

The measurement of the inclusive jet cross section as a

function of the jet transverse momentum, p’t', in pp colli-
sions at /s = 1.96 TeV constitutes a test of perturbative
quantum chromodynamics (pQCD) [1]. In run II [2] of the
Tevatron, measurements of the jet cross section for jets
with pX' up to about 700 GeV/c [3,4] have extended the
pJTet range by more than 150 GeV/c compared to run I [5—
7]. In particular, the CDF collaboration recently published
results [3] on inclusive jet production using the ky algo-
rithm [8,9] for jets with p’*' > 54 GeV/c and rapidity [10]
in the region 0.1 < |y| < 0.7, which are well described
by next-to-leading order (NLO) pQCD predictions [11]. As
discussed in [3], the k1 algorithm has been widely used for
precise QCD measurements at both e*e™ and e p col-
liders, and makes possible a well-defined comparison to
the theoretical predictions [9]. The pQCD -calculations
involve matrix elements, describing the hard interaction
between partons, convoluted with parton density functions
(PDFs) [12,13] in the proton and antiproton that require
input from experiment. The pQCD predictions are affected
by the still-limited knowledge of the gluon PDF, which
translates into a large uncertainty on the theoretical cross

sections at high pJTet [3,4]. Inclusive jet cross section mea-
surements from run I at the Tevatron [6], performed in
different jet rapidity regions, have been used to partially
constrain the gluon distribution in the proton. This article
continues the studies on jet production using the k7 algo-
rithm at the Tevatron [3,7] and presents new measurements
of the inclusive jet production cross section as a function of
P! in five different jet rapidity regions up to [y¥| = 2.1,
based on 1.0 fb~! of CDF run II data. The measurements
are corrected to the hadron level [14] and compared to
NLO pQCD predictions.

II. EXPERIMENTAL SETUP

The CDF II detector (see Fig. 1) is described in detail in
[15]. The subdetectors most relevant for this analysis are
discussed briefly here. The detector has a charged particle
tracking system immersed in a 1.4 T magnetic field. A
silicon microstrip detector [16] provides tracking over the
radial range 1.35 to 28 cm and covers the pseudorapidity
range |n| < 2. A 3.1-m-long open-cell drift chamber [17]
covers the radial range from 44 to 132 cm and provides
tracking coverage for || < 1. Segmented sampling calo-
rimeters, arranged in a projective tower geometry, surround
the tracking system and measure the energy of interacting
particles for || < 3.6. The central barrel calorimeter [18]

PACS numbers: 12.38.Aw, 13.85.—t, 13.87.—a

covers the region 5| < 1. It consists of two sections, an
electromagnetic calorimeter (CEM) and a hadronic calo-
rimeter (CHA), divided into 480 towers of size 0.1 in 7 and
0.26 in ¢. The end-wall hadronic calorimeter (WHA) [19]
is behind the central barrel calorimeter in the region 0.6 <
|| < 1.0, providing forward coverage out to |n| < 1.3. In
run II, new forward scintillator-plate calorimeters [20]
replaced the run I gas calorimeter system. The new plug
electromagnetic calorimeter (PEM) covers the region
1.1 <|xy| < 3.6, while the new hadronic calorimeter
(PHA) provides coverage in the 1.3 <|n| < 3.6 region.
The calorimeter has gaps at |n| = 0 (between the two
halves of the central barrel calorimeter) and at |n| = 1.1
(in the region between the WHA and the plug calorime-
ters). The measured energy resolutions for electrons in the
electromagnetic calorimeters [18,20] are 14%//E1 & 2%
(CEM) and 16%/~/E & 1% (PEM), where the energies are
expressed in GeV. The single-pion energy resolutions in
the hadronic calorimeters, as determined in test-beam data

el > ]

FIG. 1. Elevation view of one-half of the CDF detector dis-
playing the components of the CDF calorimeter.
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[18-20], are 50%/+/Er ® 3% (CHA), 75%//Et ® 4%
(WHA), and 80%/+/E ® 5% (PHA). Cherenkov counters
covering the 3.7 < 5| < 4.7 region [21] measure the av-
erage number of inelastic p p collisions per bunch crossing
and thereby determine the beam luminosity.

III. JET RECONSTRUCTION

The kt algorithm [9] is used to reconstruct jets from the
energy depositions in the calorimeter towers in both data
and Monte Carlo simulated events (see Sec. VI). For each
calorimeter tower, the four-momenta [22] of its electro-
magnetic and hadronic sections are summed to define a
physics tower. First, all physics towers with transverse
momentum above 0.1 GeV/c are considered as protojets.
The quantities

kT,(i,j) = min(p%‘i, p%’j)AR%j/Dz (1)

are computed for each protojet and pair of protojets, re-
spectively, where p; denotes the transverse momentum of
the ith protojet, AR ; is the distance (y — ¢ space) between
each pair of protojets, and D is a parameter that approxi-
mately controls the size of the jet by limiting, in each
iteration, the clustering of protojets according to their
spacial separation. All kr; and kt ;) values are then col-
lected into a single sorted list. In this list, if the smallest
quantity is of the type kr;, the corresponding protojet is
promoted to be a jet and removed from the list. Otherwise,
if the smallest quantity is of the type k), the protojets are
combined into a single protojet by summing up their four-
vector components. The procedure is iterated over proto-
jets until the list is empty. The jet transverse momentum,

jet
1> and

— a2 .
kT,i = P1i>

rapidity, and azimuthal angle are denoted as pjTefcal,
¥, respectively.

In the Monte Carlo event samples, the same jet algo-
rithm is also applied to the final-state particles, considering
all particles as protojets, to search for jets at the hadron
level. The resulting hadron-level jet variables are denoted

jet jet jet
a3 DT had> Yhad» AN Ppgg-

IV. EVENT SELECTION

Events are selected online using a three-level trigger
system [23] with unique sets of selection criteria called
paths. For the different trigger paths used in this measure-
ment, this selection is based on the measured energy

PHYSICAL REVIEW D 75, 092006 (2007)

deposits in the calorimeter towers, with different thresh-
olds on the jet Et and different prescale factors [24] (see
Table I). In the first-level trigger, a single trigger tower [25]
with Et above 5 or 10 GeV, depending on the trigger path,
is required. In the second-level trigger, calorimeter clusters
are formed around the selected trigger towers. The events
are required to have at least one second-level trigger cluster
with Et above a given threshold, which varies between 15
and 90 GeV for the different trigger paths. In the third-level
trigger, jets are reconstructed using the CDF run I cone
algorithm [26], and the events are required to have at least
one jet with E1 above 20 to 100 GeV.

Jets are then reconstructed using the kr algorithm, as
explained in Sec. III, with D = 0.7. For each trigger path,
the minimum p ., in each |yl | region, is chosen in such
a way that the trigger selection is more than 99% efficient.
The efficiency for a given trigger path is obtained using
events from a different trigger path with lower transverse
energy thresholds (see Table I). In the case of the JET 20
trigger path, the trigger efficiency is extracted from addi-
tional control samples, which include a sample with only
first-level trigger requirements as well as data collected
using unbiased trigger paths with no requirement on the
energy deposits in the calorimeter towers. As an example,

for jets in the region 0.1 < | ‘etl < 0.7, Fig. 2 shows the

cal
trigger efficiency as a function of p]TefCal for the different
samples. The following selection criteria have been im-
posed:
(1) Events are required to have at least one recon-
structed primary vertex with z-position within
60 cm of the nominal interaction point. This par-
tially removes beam-related backgrounds and en-
sures a well-understood event-by-event jet
kinematics. Primary vertices are reconstructed
event-by-event using the tracking system and an
algorithm that identifies clusters of tracks pointing
to a common z-position along the beam line [27]. In
events with more than one reconstructed primary
vertex, the one with the highest 3| p%k| is used to
define the kinematics, where X|p%k| denotes the
scalar sum of the transverse momentum of the tracks
associated with the vertex. For the QCD event top-
ologies considered in this analysis, the efficiency for
the reconstruction of at least one primary vertex is
essentially 100%.
(2) Events are required to have at least one jet with ra-

TABLE 1. Summary of trigger paths, trigger thresholds, and effective prescale factors employed to collect the data.
Trigger path Level 1 tower E; [GeV] Level 2 cluster Et [GeV] Level 3 jet E [GeV] Effective prescale
JET 20 5 15 20 775
JET 50 5 40 50 34
JET 70 10 60 70 8
JET 100 10 90 100 1
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FIG. 2. Measured trigger efficiencies as a function of pJT cal T

different trigger paths and in the region 0.1 < | ca1| <0.7.In thls

particular case, JET 20 trigger path is at least 99% efficient for
Tcal > 32 GeV/c, JET 50 for TLal > 60 GeV/c, JET 70 for
e > 84 GeV/c, and JET 100 for p, > 119 GeV/ec.

pidity in the region |y'%| <2.1 and corrected pit,
(see Sec. IX) above 54 GeV/c, which constitutes the
minimum jet transverse momentum considered in
the analysis. The measurements are limited to jets
with [y5| <2.1 to avoid contributions from the p
and j remnants that would affect the measured py
in the most forward region of the calorimeter.

(3) In order to remove beam-related backgrounds and
cosmic rays, the events are required to fulfill
Er/EEr < F(py.)), where Er denotes the miss-
ing transverse energy [28] in GeVand Er = Y E%
is the total transverse energy of the event, as mea-
sured using calorimeter towers with EL above
0.1 GeV. The threshold function F( pJTetcal) is defined

as F(p") = min(2 + 0.0125 X p¥', 7), where pJTetcil
is the uncorrected transverse momentum of the lead-
ing jet (highest p’t") in GeV/c, and F is in GeV'/2,
This criterion preserves more than 95% of the QCD
events, as determined from Monte Carlo studies (see
Sec. VI). A visual scan of events with pJT cal =
400 GeV/c did not show remaining backgrounds.
Measurements are carried out in five different jet rapidity
regions: | Cal|<01 0.1 <| cal|<07 0.7 <| cal|< 1.1,
1.1<] ca1| < 1.6,and 1.6 <| Ca]I < 2.1, where the differ-
ent boundaries are chosen to reduce systematic effects
coming from the layout of the calorimeter system.

V. EFFECT OF MULTIPLE pp INTERACTIONS

jet . . .
The measured pJ{f a1 includes contributions from mul-

tiple pp interactions per bunch crossing at high instanta-
neous luminosity, L™, The data used in this measurement
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were collected at L™ between 0.2 X 10°! cm™2s™! and
16.3 X 10 cm™2s™! with an average of 4.1X
10*! cm™?s7!. On average, 1.5 inelastic pp interactions
per bunch crossing are expected. At the highest Lt
considered, an average of 5.9 interactions per bunch cross-
ing are produced. This mainly affects the measured cross
section at low pf' where the contributions are sizable.
Multiple interactions are identified via the presence of
additional primary vertices reconstructed from charged
particles. The measured jet transverse momenta are cor-
rected for this effect by removing a certain amount of
transverse momentum, 8;,“; X (Ny — 1), where Ny denotes
the number of reconstructed primary vertices in the event
and 5‘1?; is determined from the data by requiring that, after
the correction is applied, the ratio of cross sections at low
jet

and high £ does not show any pk' dependence. The

study is carried out separately in each | y’ l| region, and the
results are consistent with a common value 5“‘; = 1.86 =
0.23 GeV/c across the whole rapidity range.

VI. MONTE CARLO SIMULATION

Monte Carlo simulated event samples are used to deter-
mine the response of the detector and the correction factors
to the hadron level. The generated samples are passed
through a full CDF II detector simulation (based on
GEANT3 [29], where the GFLASH [30] package is used to
simulate the energy deposition in the calorimeters) and
then reconstructed and analyzed using the same analysis
chain as used for the data.

Samples of simulated inclusive jet events have been
generated with PYTHIA 6.203 [31] and HERWIG 6.4 [32]
Monte Carlo generators, using CTEQSL [33] PDFs. The
PYTHIA samples have been created using a specially tuned
set of parameters, denoted as PYTHIA-TUNE A [34], that
includes enhanced contributions from initial-state gluon
radiation and secondary parton interactions between rem-
nants. The parameters were determined from dedicated
studies of the underlying event using the CDF run I data
[35] and has been shown to properly describe the measured
jet shapes in run II [36]. In the case of PYTHIA, fragmenta-
tion into hadrons is carried out using the string model [37]
as implemented in JETSET [38], while HERWIG implements
the cluster model [39].

VII. SIMULATION OF THE CALORIMETER
RESPONSE TO JETS

Dedicated studies have been performed to validate the
Monte Carlo simulation of the calorimeter response to jets
for the different |YJ§1| regions. Previous analyses [3] for jets
with 0.1 <| Cdll < 0.7 indicate that the simulation prop-
erly reproduces both the average pJT and the jet momen-
tum resolution, o pie> S measured in the data. The study is

performed for the rest of the | )ﬂcall regions using jets in the
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range 0.1 <| Cle| < 0.7 as a reference. An exclusive dijet
sample is selected, in data and simulated events, with the
following criteria:

(1) Events are required to have one and only one recon-
structed primary vertex with z-position within 60 cm
of the nominal interaction point.

(2) Events are required to have exactly two jets with

pJT"‘Cal > 10 GeV/c, where one of the jets must be in

the region 0.1 < | Cdl| <0.7.

3) Er/J2Er < F(p! Cal) as explained in Sec. IV.

The bisector method [40] is applied to data and simulated
exclusive dijet events to test the accuracy of the simulated
O in the detector. The study indicates that the simulation

systematically underestimates the measured T i by 6%

and 10% for jets in the regions 0.7 < |yJC |<1.1and 1.6<
| Cal| < 2.1, respectively, with no significant pJT < depen-
dence. An additional smearing of the reconstructed p’T’CZ11 is
applied to the simulated events to account for this effect. In

the region 1.1 <|y'\| < 1.6, o P is overestimated by 5% in

cal
the simulation. The effect on the final result is included via
slightly modified unfolding factors (see Sec. IX). For jets

with | Cal|<01 the simulation properly describes the
measured o iy Figure 3 shows the ratio between o i in
T

data and simulated events, Uda‘a /o™ e[, in different | chall
regions as a function of the average pJT <1 Of the dijet event

[41]. After corrections have been applied to the simulated
events, data and simulation agree. In the region 1.1<<

PHYSICAL REVIEW D 75, 092006 (2007)

'| < 1.6, and only for the purpose of presentation, a

| cal
5% smearing of the reconstructed pJT,C,d11 is applied to the
data to show the resulting good agreement with the un-
corrected simulated resolution. The relative difference be-
tween data and simulated resolutions is conservatively
taken to be =8% (see Fig. 3) over the whole range in
Fea and |
tainties.
The average jet momentum calorimeter response in the
simulation is then tested by comparing the pJTefcal balance in

data and simulated exclusive dijet events. The variable £3,
defined as [42]

Cal| in the evaluation of systematic uncer-

testjet _ref. jet
_ I+ <A> ith A = pTcal T,cal (2)
B 1— <A>’ wi test jet + ref. jet’
pT cal pT,cal

is computed in data and simulated events in bins of

testjet ref jet ref. jet

Tea T Prea )/2, where pp 4" denotes the transverse
momentum of the jet in the region 0.1<| Cdl| <0.7, and

ref. jet

Prea 18 the transverse momentum of the jet in the | y’call
region under study. The presence of calorimeter gaps at
[l =0and |n| = 1.1 (see Sec. II) translates into a reduced
average calorimeter response to jets. For jets in the regions
| Call ~( and | Cal| ~ 1.1, the value for B is about 0.87.
Figure 4 presents the ratios Bdm/ Bme as a function of

pj{ftca] pt{’fjf “in the different |y'*| bins considered in the
analysis. The study indicates that small corrections

are required around calorimeter gaps, | ){:ll <0.1 and
1.1<] Cal| < 1.6, as well as in the most forward region,

1.3

. E_ JET E_ JET
2B lygal<0.1 E 01y l<0.7
L e - g
1E o v 4 E o a* -
3 ﬁ‘ - g T E he LN = o
09FTTTTTTTT T B -2 -
0.8 =
) T T S Rl =S S I S B S BE
o 2E 0.7<lyET|<1.1 E o 1<yl |<16
SEaE e S ]
=~ -‘*:g "’-o—o-—o——o—_o_j:—i— E o *3*0* A —4>—
25 E E . *
S8 09T ';""W*"""_’:-"_'E¢ """"" -
© E E
0.8 E
D R T R R - N B B
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(1] ittt el ettt -] ——e—— Ratio Data/MC after corrections
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FIG. 3. Ratio g% /g™

as a function of the average pT . Of the dijet event, in different | y'call regions, before (black squares) and

after (open circlesy corréctrons have been applied (see Sec. VII). The solid lines are fits to the corrected ratios. The dashed lines
indicate a =8% relative variation considered in the study of systematic uncertainties.

092006-7



A. ABULENCIA et al.

PHYSICAL REVIEW D 75, 092006 (2007)

- a.++++ L + + -

1;_1# M e +
el Weml<0 F o 0d<lygl<07 +
1_n=:....|....|....|....:....l....l....l....

L r— . [ l L w +
=TT LR i . ¥

0.7<|y g [<1.1

D] B S S R

1.1<lyln [<1.6

1.6<lyly [<2.1

%

-

;

0.95

L L
100 200 300 400

prAL [GeV/c]

—=—— Ratio Data/MC
— fit to the ratio
------- Systematic uncertainty

100 200 300

400

JET [GeV/c]

pT CAL

FIG. 4. Ratio Byya/Bmc as a function of pT < i different | )ﬂ l| regions. The solid lines show the nominal parametrizations based on
fits to the ratios. In the region [y!, dll > 1.1, the dashed lines indicate different parametrizations used to describe the ratios at high pJT cal>

and are considered in the study of systematic uncertainties.

1.6 < |y | <2.1. For]ets with [y
shows a moderate pT’Ca1 dependence, and several parame-

‘| > 1.1, the correction

cal cal

trizations are considered to extrapolate to very high pjftcal.
The difference observed in the final results, using different

parametrizations, is included as part of the total systematic
uncertainty.

VIII. RECONSTRUCTION OF THE JET
VARIABLES

The jet reconstruction in the detector is studied using
Monte Carlo event samples, with modified jet energy
response in the calorimeter, as described in the previous
section, and pairs of jets at the calorimeter and hadron
levels matched in (y — ¢) space by requiring

\/ Ok — had)z + (P — ¢{$d)2 < D. These studies indi-

cal
cate that the angular variables of a jet are reconstructed
with no significant systematic shift and with a resolution

better than 0.05 units in y and ¢ at low pjTefcal, improving as

pjTefcal increases. The measured pchfcal systematically under-
estimates that of the hadron-level jet. This is attributed
mainly to the noncompensating nature of the calorimeter

[18]. For jets with pT «ar around 50 GeV/c, the jet trans-

verse momentum is reconstructed with an average shift that
varies between —9% and —30% and a resolution between

10% and 16%, depending on the |}’j§1| region. The jet
reconstruction improves as p’;tcal increases. For jets with
pjTefcal around 500 GeV/c, the average shift is —7% and the
resolution is about 7%.

IX. UNFOLDING

The measured pJT a1 distributions in the different |y Ca]
regions are unfolded back to the hadron level using simu-
lated event samples (see Sec. VI), after including the
modified jet energy response described in Sec. VIL
PYTHIA-TUNE A provides a reasonable description of the
different jet and underlying event quantities, and is used to
determine the correction factors in the unfolding proce-
dure. In order to avoid any potential bias on the correction
factors due to the particular PDF set used during the
generation of the simulated samples, which translates
into slightly different simulated pY, distributions, the
underlying p, spectrum [43] in PYTHIA-TUNE A is re-
weighted until the Monte Carlo samples accurately follow
each of the measured pJTefcal distributions. The unfolding is
carried out in two steps.

First, an average correction is computed separately in
each jet rapidity region using corresponding matched pairs
of jets at the calorimeter and hadron levels. The correlation
(P e pJTetcal) versus (p’,) (see Fig. 5), computed in
bins of (Pl + Prea)/2. is used to extract correction
factors which are then applied to the measured jets to
obtain the corrected transverse momenta, pjﬁtcor. In each
jet rapidity region, a cross section is defined as

d*o 1 NG

7 - : (3)
dPJTe,cord cal Ap]T cor ciltl

iet . . . jet :
where Nlo: denotes the number of Jets in a given pY . bin,

A pT «or 18 the size of the bin, A ' denotes the size of the

cal
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regions.
region in y%, and £ is the integrated luminosity. NE
includes event-by-event weights that account for trigger
prescale factors, and A pJTefcor is chosen according to the jet
momentum resolution.

Second, each measurement is corrected for acceptance
and smearing effects using a bin-by-bin unfolding proce-
dure, which also accounts for the efficiency of the selection
criteria. The unfolding factors, defined as

dza/dpJT had )Ahad
d2 /dp]T cor .

cal
are extracted from Monte Carlo event samples and applied

U( Tcor’ cal) - “)

600

> [GeV/c]

pjftcal) versus ( pjﬁal), as extracted from PYTHIA-TUNE A simulated event samples, in the different |y,

to the measured pJT cor distributions to obtain the final
results. As shown in Fig. 6, the factor U(pJT cor Vea o) in-
creases with pT cor and presents a moderate Iy’mll depen-
dence. At low pJT’Cor, the unfolding factor varies between
1.02 and 1.06 for different rapidity regions. For jets with
pJ{ftcor of about 300 GeV/c, the factor varies between 1.1
and 1.2, and increases up to 1.3-1.4 at very high pJT cor- IN
the region 1.1 < | Cal| < 1.6, the unfolding factor includes
an additional correction, f( pJT,cor), to account for the fact
that the simulation overestimates the jet momentum reso-
lution in that region (see Sec. VII). The factor fy( p?tcor) is
computed from Monte Carlo samples as the ratio between

1.6 JET = JET
b lyca 1<0.1 3 0.1<ly;,, 1<0.7
c - . —
1.2 - -
E q.p-"'f**—'-.- E ———
P il
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FIG. 6. Unfolding factors, U (pJT corr Cal) as extracted from PYTHIA-TUNE A simulated event samples, as a function of pr ...

. jet .
different |y’ | regions.

t .
U in the
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the pjTethad distribution smeared using the simulated o
’ T

and the one smeared using o s in data as extracted from
T

the bisector method (see Sec. VII). The factor fy(p. ) is

T,cor
about 1.03 and shows no significant pJTefcor dependence.
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X. SYSTEMATIC UNCERTAINTIES

A detailed study of the systematic uncertainties on the
measurements has been carried out [44]. Tables II and III
show the different contributions to the total systematic

. . jet 4 - : .
uncertainty in each p' bin and |y*®| region:

TABLE II.  Systematic uncertainties (in percent) on the measured inclusive jet differential cross section as a function of pjTet for jets in
the regions [y®] < 0.1 and 0.1 < [y*| < 0.7 (see Fig. 7). The different columns follow the discussion in Sec. X. An additional 5.8%

uncertainty on the integrated luminosity is not included.

Systematic uncertainties [%] (|y*| < 0.1)

. Baaa/ Brme _ ‘ o _
T [GeV/c] Jet energy scale (a) (b) (©) Resolution Unfolding pJT -spectra o
54-62 0 i 2 =8.2 +1.5 o
62-72 o 51 50 =71 =14 o
72-83 ok ey 5o +6.2 1.3 3
83-96 o 2 2 =54 11 .
96-110 o 2 ) 4.7 =1.0 i
110-127 Jjg:g f%g fg:g +4.2 *0.9 f(l)g
127-146 g 27 3 3.7 +0.8 oo
146-169 Tl 28 = 3.2 +0.6 o8
169-195 e 29 33 2.8 *0.5 o7
195-224 e 39 34 *2.5 +0.4 e
224-259 e 3 37 2.2 +0.3 e
259-298 s 33 40 2.0 +0.4 o2
298-344 e 36 a3 *1.8 +0.6 e
344-396 i 30 tad *1.6 *1.0 e
396-457 T e T34 1.4 *1.8 e
457-527 363 33 ol 13 *3.1 ol
527-700 e 3 T4 *11 +7.1 3
Systematic uncertainties [%] (0.1 < |yi¢| < 0.7)

" Baaa/ Brme _ ‘ o _
T [GeV/c] Jet energy scale (a) (b) (©) Resolution Unfolding pJT -spectra op
54-62 3 22 *53 +0.6 e
62-72 o oz *4.7 +0.6 3
72-83 e ) *4.1 +0.5 3
83-96 B 20 3.7 *0.5 3
96110 e 20 *33 +0.5 o
110-127 iy e 3.0 *0.5 9
127-146 s 9 2.7 *0.5 oo
146-169 e e 2.4 +0.4 o8
169-195 28 20 2.2 +0.4 s
195-224 e 2 *2.0 +0.4 s
224-259 e 22 *1.8 +0.3 e
259-298 b 23 *1.7 +0.3 e
298-344 2 28 *1.6 +0.3 e
344-396 e T34 *L5 +0.5 2
396457 R g *1.4 +0.8 o4
457-527 M 3] 13 *1.4 rod
527-700 923 73 *1.2 +3.6 o5
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TABLE III.  Systematic uncertainties (in percent) on the measured inclusive jet differential cross section as a function of pjft for jets
in the regions 0.7 < [y*] < 1.1, 1.1 < [y**!| < 1.6, and 1.6 < [y*®| < 2.1 (see Fig. 7). The different columns follow the discussion in
Sec. X. An additional 5.8% uncertainty on the integrated luminosity is not included.

Systematic uncertainties [%] (0.7 < [y < 1.1)

_ Baata/ Bme .
pJ.F‘ [GeV/c] Jet energy scale (a) (b) (c) Resolution Unfolding pJ-Ft—Spectra 5‘F“T‘
54-62 tg:g fg; cen S f;‘:g +6.3 +2.0 f}:g
62-72 +82 +22 . . 38 +5.6 *1.9 3
72-83 9 e e o 33 +4.9 =18 13
83-96 R b - 5 3 +4.4 1.8 i
96-110 tg:g jg:i cee cee fgé +3.9 +1.7 f}{
110-127 tlg%ﬁ i%g .. cee f%g *3.5 +1.7 ii:g
127-146 i 2 - % 3 +32 =17 “09
146-169 e 28 - o ey *+2.8 1.6 "8
169-195 +i4l +30 e . 34 *26 +1.6 08
195-224 +1s9 +33 e e 37 +23 +1.7 ity
224-259 s . a o 5 =21 =18 “o7
259-298 +210 44 e e 47 *2.0 +2.1 ity
295344 2 . -3 =F £24 a8
344-396 s iy = o e *17 3.0 06
396-457 L e o o % *1.6 3.8 03
457-527 jggg t17(?-74 e cee tlgolo *1.5 *5.0 fg:g

Systematic uncertainties [%] (1.1 < [y*] < 1.6)

_ Baata/ Bme .
pJTel [GeV/c] Jet energy scale (a) (b) (c) Resolution Unfolding pJTa—spectra 62";
54-62 iy ity o iy e o +6.7 *+1.3 My
62-72 5 % e 0 My +6.4 L1 oS
72-83 3 My e e v 6.1 0.9 3
83-96 s e o 50 R £5.8 +0.8 ‘1
96-110 o3 by e e 59 +5.6 0.6 iy
110-127 *iia Myl e %0 30 £5.4 0.4 “to
127-146 Mty by e 50 i 5.2 =03 “To
146-169 i =3 T 50 36 +5.0 0.1 “05
169-195 Y62 bEY o 50 b +4.8 0.1 Y
195-224 Py *4 %3 e *3 +47 0.2 “09
224-259 M '3 by %0 e 4.6 0.4 “09
259-298 it 83 3 Y N +44 +038 0o
298-344 e i x 50 iy +4.3 *1.6 “09
344-396 553 Y e e 2 *+4.2 2.8 s

Systematic uncertainties [%] (1.6 < [y < 2.1)

. Baata/ Bre _
P [GeV/c] Jet energy scale (a) (b) (c) Resolution Unfolding P-spectra smi
54-62 tlos 5 - - ' =32 10 "o
62-72 oo S e o Y *+33 =08 iy
72-83 5163 ey o o e =34 0.6 7
83-96 i 3 - o i =35 04 e
96-110 e et - o i =36 03 s
110-127 ted ey - - ' =37 02 “ra
. +19.2 +43 .. ... +1.8 + + tl4
127-146 BT g T 30 e 02 i
-19.8 -46 -21 -13
169-195 e % 3 o e *+338 0.5 3
195-224 58 % 33 = 39 *+338 1.1 3
224-259 ) 5 e " i +358 2.1 M
259-298 s i 17 o ! +3.8 3.7 i
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(1) The measured jet energies are varied by £2% at low

P to £2.7% at high p’' to account for the uncer-
tainty on the absolute energy scale [45] in the calo-
rimeter (see also Appendix A). This introduces an
uncertainty on the measured cross sections which

varies between +9% at low pjTet oo at high

pJTet, and dominates the total systematic uncertainty
on the different measurements.

Several sources of systematic uncertainty on the
ratio Byua/ Pme are considered for the different
[y¢!| regions:

(a) The uncertainty on the definition of the ex-
clusive dijet sample in data and Monte Carlo
events introduces a =0.5% uncertainty on the
absolute energy scale for jets outside the re-
gion 0.1 < [y| < 0.7, which translates into
an uncertainty on the cross sections between

*2% at low pjTet and £10% at very high pjTet.

and

PHYSICAL REVIEW D 75, 092006 (2007)

(4) The unfolding procedure is repeated using HERWIG

&)

(6)

(7

instead of PYTHIA-TUNE A to account for the uncer-
tainty on the modeling of the parton cascades and
the jet fragmentation into hadrons. This translates
into an uncertainty on the measured cross sections
between *3% and +8% at low p' that becomes
negligible at very high p’".

The unfolding procedure is also carried out using
unweighted PYTHIA-TUNE A, to estimate the resid-
ual dependence on the p)' spectra. This
duces an uncertainty of about *3% to

intro-
*+7%
at very high pX', which becomes negligible at low
jet

Pt - )
The quoted +0.23 GeV/c uncertainty on &3 is
taken into account. The maximal effect on the mea-
sured cross sections is about +2%.

Different sources of systematic uncertainty related
to the selection criteria are considered. The thresh-

(b) The use of different Byyu/Bm. parametriza- old on the z-position of the primary vertex is varied
tions for jets with '] > 1.1 introduces un- by *5 cm in data and simulated events. The lower
Cjcrtaln_teltes between 12% and 23% at very edge of each pjffcal bin is varied by £3% in data and
high pr". ) , - simulated events. The ¥ pscale is varied by +10% in

(©) In the reglon L1 <[y*] < 1.6, an additional the data. The total effect on the measured cross
*3% uncertainty on the measured cross sec- sections is smaller than 1% and considered
tions, independent of p’', accounts for varia- negligible.

tions in the Bgyy/Bme ratio due to the
overestimation of the jet momentum resolu-
tion in the simulated samples.

(3) A *£8% uncertainty on the jet momentum resolution

introduces an uncertainty between *+2% at low pjTet
+12% : jet
and T77 at high p.

100,

Positive and negative deviations with respect to the nomi-
nal values in each p' bin are added separately in quad-
rature. Figure 7 shows the total systematic uncertainty as a

function of pjTel in the different |y| regions, where an
additional 5.8% uncertainty on the total luminosity is not
included.
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FIG. 7. Total systematic uncertainty (in percent) on the measured inclusive differential jet cross sections as a function pjTet for the
different |y®*| regions (see Tables II and III). An additional 5.8% uncertainty on the integrated luminosity is not included.
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XI. QCD PREDICTIONS

The measurements are compared to parton-level NLO
pQCD predictions, as computed using JETRAD [11] with
CTEQG6.1M PDFs [12] and the renormalization and facto-

rization scales (g and u ) both set to o = max(ps')/2.
Different sources of uncertainty on the theoretical predic-
tions are considered. The main contribution comes from
the uncertainty on the PDFs and is computed using the
Hessian method [46]. At low p)', the uncertainty is about
+5% and approximately independent of yi¢t. The uncer-
tainty increases as p’ and |y**!| increase. At very high p'f',
the uncertainty varies between “§)% and *13%% for jets with
[y < 0.1 and 1.6 < |y < 2.1, respectively, and is
dominated by the limited knowledge of the gluon PDF.
An increase of g and up from py to 2uo changes the
theoretical predictions by only a few percent. Values sig-
nificantly smaller than u lead to unstable NLO results and
are not considered.

The theoretical predictions include a correction factor,

Crhap(Ph, y1¢), that approximately accounts for nonpertur-
bative contributions from the underlying event and frag-
mentation of partons into hadrons (see Fig. 8 and Tables IV
and V). In each jet rapidity region, Cysp is estimated,
using PYTHIA-TUNE A, as the ratio between the nominal
pJTefhad distribution and the one obtained after removing the
interactions between p and p remnants and the fragmenta-
tion into hadrons in the Monte Carlo samples. The correc-
tion decreases as pJTet increases and shows a moderate |yi¢!|
dependence. At low pk', Cyap varies between 1.18 and
1.13 as [y| increases, and it becomes of the order of 1.02
at very high p'Tet The uncertainty on Cyap varies between

PHYSICAL REVIEW D 75, 092006 (2007)

+9% and £12% at low pJTet and decreases to about =1% at

very high pj;t, as determined from the difference between
the parton-to-hadron correction factors obtained using
HERWIG instead of PYTHIA-TUNE A.

XII. RESULTS

The measured inclusive jet cross sections,

d*a/dpFdy*®, refer to hadron-level jets, reconstructed
using the kr algorithm with D = 0.7, in the region p' >
54 GeV/c and |y*®| < 2.1. Figure 9 shows the measured
cross sections as a function of pjTe[ in five different [y
regions compared to NLO pQCD predictions. The data are
reported in Tables IV and V. The measured cross sections
decrease by more than 7 to 8 orders of magnitude as pjft
increases. Figure 10 shows the ratio data/theory as a func-

tion of pJTet in the five different |y*°| regions. Good agree-

ment is observed in the whole range in pJTet and yi® between
the measured cross sections and the theoretical predictions.
In particular, no significant deviation from the pQCD

prediction is observed for central jets at high p'. The
corresponding x? tests, relative to the nominal pQCD
prediction and performed separately in each || region,
give probabilities that vary between 9% and 90%. A global
X’ test, applied to all the data points in all |y regions
simultaneously, gives a probability of 7%. In both cases, a
detailed treatment of correlations between systematic un-
certainties was considered, as discussed in Appendix A. In
addition, Fig. 10 shows the ratio of pQCD predictions
using MRST2004 [13] and CTEQ6.1M PDF sets, well
inside the theoretical and experimental uncertainties. The

1.4
13 ly*5"]<0.1

1.2

0.1<|y"5"|<0.7

CHAD

1.4

13

1.2

1.

-

-

200 400 600
pr [GeV/c]

Parton to hadron level correction

Monte Carlo modeling uncertainties

o
N
(=]
o
'
(=3
o

600

piET [GeV/c]

FIG. 8 (color online). Magnitude of the parton-to-hadron correction, Cyap( ;t, yi¢), used to correct the NLO pQCD predictions (see
Tables IV and V). The shaded bands indicate the quoted Monte Carlo modeling uncertainty.
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TABLE IV. Measured inclusive jet differential cross section as
a function of pX' for jets in the regions [y'| <0.1 and 0.1 <
[y#] < 0.7 (see Fig. 9). An additional 5.8% uncertainty on the
integrated luminosity is not included. The parton-to-hadron
correction factors, Cyap(pf', ¥), are applied to the pQCD
predictions (see Fig. 8).

PHYSICAL REVIEW D 75, 092006 (2007)

TABLE V. Measured inclusive jet differential cross section as
a function of pJ' for jets in the regions 0.7 < [y| < 1.1, 1.1 <
[yiet] < 1.6, and 1.6 < |y**| < 2.1 (see Fig. 9). An additional
5.8% uncertainty on the integrated luminosity is not included.
The parton-to-hadron correction factors, Cyap(ph, Y, are
applied to the pQCD predictions (see Fig. 8).

0.7 < |yi] < 1.1)

[»C.d = (1] < 0.1)

jet o = (stat) = (sys) Chabp
[GeV/c] [nb/(GeV/c)] parton — hadron
54-62 (14.5 £ 0.5739) x 10° 1.177 = 0.124
62-72 (6.68 = 0.080:83) x 10° 1.144 = 0.097
72-83 (2.87 £ 0.057933) x 10° 1.119 = 0.077
83-96 (1.24 £ 0.02731%) x 10° 1.098 = 0.061
96-110 (531 £0.11738%) x 107! 1.083 = 0.049
110-127 (2.33 £ 0.0653)) x 107! 1.070 = 0.039
127-146 (9.36 = 0.127}:19) x 1072 1.060 = 0.032
146-169 (3.63 £ 0.067343) X 1072 1.052 + 0.026
169-195 (1.39 = 0.015313) X 1072 1.046 * 0.021
195-224 (5.22 £ 0.067477) x 1073 1.041 = 0.017
224-259 (1.79 = 0.03*39) x 1073 1.037 = 0.013
259-298 (5.92 £ 0.11}98) x 107* 1.034 = 0.010
298-344 (1.78 £ 0.0653%) x 1074 1.032 + 0.007
344-396 (4.68 = 0.28719%) x 1073 1.030 = 0.005
396-457 (1.29 = 0.127934) x 1073 1.028 = 0.002
457-527 (2.47 = 0.507089) x 1076 1.027 = 0.001
527-700 (2.13 £0.957391) x 1077 1.026 = 0.006

dple‘d»‘e' (0.1 < |yt] < 0.7)

f‘ o * (stat) = (sys) Cuap
[GeV/c] [nb/(GeV/c)] parton — hadron
54-62 (14.0 = 0.20*1:%) x 10° 1.188 = 0.140
62-72 (6.14 = 0.12173:68) x 10° 1.156 = 0.113
72-83 (2.69 *0.027929) x 10° 1.129 = 0.091
83-96 (1.14 £ 0.01531%) x 10° 1.108 = 0.073
96-110 (4.90 = 0.041531) x 107! 1.090 = 0.059
110-127 (2.08 = 0.02532%) x 107! 1.076 = 0.047
127-146 (8.51 £0.047533) X 1072 1.065 * 0.038
146-169 (3.33 £0.02554%) x 1072 1.055 = 0.029
169-195 (1.23 = 0.017419) x 1072 1.047 = 0.023
195-224 (4.53 £ 0.02538) x 1073 1.041 = 0.017
224-259 (1.57 = 0.01792%) x 1073 1.036 = 0.012
259-298 (4.87 £0.067591) x 107* 1.031 = 0.007
298-344 (1.43 £0.025531) x 1074 1.028 = 0.003
344-396 (3.69 £ 0.107333) X 1073 1.025 = 0.001
396-457 (7.18 £0.347220) x 1076 1.023 = 0.004
457-527 (1.16 = 0.137342) X 107¢ 1.021 = 0.008
527-700 (8.97 £2.407373) x 1073 1.018 = 0.014

f”d et

;[ o = (stat) = (sys) Chap
[GeV/c] [nb/(GeV/c)] parton — hadron
54-62 (12.3 £ 0.2*13) x 10° 1.169 + 0.125
62-72 (5.48 = 0.147963) x 100 1.143 +0.103
72-83 (2.40 = 0. 02+028) X 100 1.120 + 0.085
83-96 (1.00 = 0.017913) x 10° 1.102 + 0.070
96-110 @.15=0. 05t°,48) x 107! 1.087 *+ 0.057
110-127 (1.73 £ 0.03%935) x 107! 1.075 + 0.047
127-146 (6.83 = 0.05%3%7) x 1072 1.064 =+ 0.038
146-169 (2.52 £ 0.03%93%) x 1072 1.056 + 0.031
169-195 (8.95 = 0.0671:38) x 1073 1.048 *+ 0.024
195-224 (3.04 0. ozt}jjg) X 1073 1.042 + 0.019
224-259 (9.52 = 0.115}82) x 107* 1.037 + 0.014
259-298 (2.53 £0.05%9) x 1074 1.033 + 0.009
298344 (6.18 £ 0.17F163) x 1073 1.030 =+ 0.005
344-396 (1.11 £ 0.07533¢) X 1073 1.027 = 0.001
396-457 (1.53 £ 0.20%9%) X 107° 1.025 + 0.003
457-527 (217 £ 0.72558) x 1077 1.023 + 0.007

,)81”131(1 1<y < 1.6)
e o * (stat) = (sys) Chap
[GeV/c] [nb/(GeV/c)] parton — hadron
54-62 (1.0 = 0.3%14) x 10° 1.160 + 0.125
62-72 (4.40 = 0.15%93%) x 100 1.133 £ 0.101
72-83 (1.82 = 0.067932) x 10° 1.111 + 0.081
83-96 (7.22 £ 0.37%339) x 107! 1.094 =+ 0.065
96-110 (2.98 = 0.05%938) x 107! 1.080 =+ 0.052
110-127 (1.14 £ 0.03%513) x 107! 1.068 = 0.042
127-146 (4.10 £ 0.0472%) x 1072 1.059 * 0.034
146-169 (1.39 + 0.02%932) x 1072 1.051 + 0.027
169-195 (4.19 £ 0.047978) x 1073 1.045 + 0.021
195-224 (115 £ 0.02%923) x 1073 1.040 + 0.016
224-259 (2.73 £ 0.097972) x 1074 1.036 + 0.012
259-298 (5.18 £ 0.23%148) X 1073 1.033 *+ 0.009
208344 (7.99 £ 0.61%33) x 107¢ 1.030 *+ 0.006
344-396 (1.05 0. 22tggg) X 1076 1.028 + 0.003

M‘d —Lo (1.6 < [y <2.1)

.TC‘ o = (stat) = (sys) Chap
[GeV/c] [nb/(GeV/c)] parton — hadron
54-62 (6.67 = 0.15%93%) x 100 1.132 + 0.104
62-72 (2.68 = 0.021032) x 10° 1.116 = 0.087
72-83 (1.04 = 0.01%312) x 10° 1.100 = 0.072
83-96 (3.77 £ 0.04%34%) x 107! 1.086 *+ 0.058
96-110 (1.32 £ 0.024%12) x 107! 1.072 = 0.045
110-127 (4.18 = 0. 04*372) X 1072 1.059 + 0.033
127-146 (1.21 £ 0.02%933) x 1072 1.047 * 0.022
146-169 (2.92 = 0.047379) X 1073 1.035 + 0.012
169-195 (5.74 £ 0.0971%3) x 107# 1.024 + 0.003
195-224 (8.49 +0.31539) x 1075 1.013 =+ 0.005
224-259 (8.65 + 0.637448) x 1076 1.003 = 0.012
259-298 (5.67 + 1.65%32%) X 1077 0.993 = 0.018
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FIG. 9 (color online). Measured inclusive differential jet cross
sections (black squares) as a function of pJTet for jets with pJTet >
54 GeV/c in different |y*®!| regions compared to NLO pQCD
predictions (open circles). The shaded bands show the systematic
uncertainty on the measurements (see Tables IV and V). A 5.8%
uncertainty on the integrated luminosity is not included. The
dashed lines indicate the PDF uncertainty on the theoretical
predictions. For presentation, the measurements in different
|y!| regions are scaled by different global factors. Factors ( X
10%), ( X 10%), (X 1073), and ( X 107°) are used in the regions
[yl < 0.1, 0.1<[y* <07, 1.1<|y®|<1.6, and 1.6 <
[yiet| < 2.1, respectively.
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uncertainty on the measured cross sections at high p’',
compared to that on the theoretical predictions, indicates
that the data presented in this article will contribute to a
better understanding of the gluon PDF.

Finally, in the region 0.1 < [y*®{| < 0.7, the analysis is
repeated using different values for D in the ky algorithm:
D = 0.5 and D = 1.0. In both cases, good agreement is
observed between the measured cross sections and the

NLO pQCD predictions in the whole range in pr' (see
Fig. 11 and Tables VI and VII). The corresponding y? tests
give probabilities of 84% and 22% for D = 0.5 and D =
1.0, respectively. As D decreases, the measurement is less
sensitive to contributions from multiple p p interactions per
bunch crossing, and the presence and proper modeling of
the underlying event. For D = 0.5 (D = 1.0), the value for
5?; becomes 1.18 = 0.12(3.31 = 0.47) GeV/c, and the
parton-to-hadron correction factor applied to the pQCD

predictions is Cyyap = 1.1 (Cap = 1.4) at low pi',

XIII. SUMMARY AND CONCLUSIONS

We have presented results on inclusive jet production in
pp collisions at /s = 1.96 TeV for jets with transverse

momentum pk' > 54 GeV/c and rapidity in the region
[yi€t| < 2.1, using the ky algorithm and based on 1.0 fb™~!
of CDF run II data. The measured cross sections are in
agreement with NLO pQCD predictions after the necessary
nonperturbative parton-to-hadron corrections are taken
into account. The results reported in this article should
contribute to a better understanding of the gluon PDF
inside the proton when used in QCD global fits.

N
LB L

0.1<|y*5"|<0.7

)
TTTr[rorrT

Ratio to CTEQ6.1M

)
TT T T T T

L
600
pf* [GeV/c]
K; D=0.7

—=— CDFdata (L=1.0fb")
Systematic uncertainties

22~ L PDF uncertainties
T R R B R u=2xu0=maxpf
0 200 400 600 ..
p:ET [GeV/c] MRST2004

FIG. 10 (color online). Ratio data/theory as a function of p’' in different |y¥*!| regions. The error bars (shaded bands) show the total
statistical (systematic) uncertainty on the data. A 5.8% uncertainty on the integrated luminosity is not included. The dashed lines
indicate the PDF uncertainty on the theoretical predictions. The dotted lines present the ratio of NLO pQCD predictions using
MRST2004 and CTEQ6.1M PDFs. The dot-dashed lines show the ratios of pQCD predictions with 2 and .
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FIG. 11 (color online). (top) Measured inclusive differential jet cross sections (black squares) as a function of pjl?[ for jets with

;t > 54 GeV/c and 0.1 < |y®'| < 0.7 using the kp parameter D = 0.5 (left) and D = 1.0 (right), compared to NLO pQCD
predictions (open circles). The shaded bands show the total systematic uncertainty on the measurements (see Tables VI and VII).
A 5.8% uncertainty on the integrated luminosity is not included. The dashed lines indicate the PDF uncertainty on the theoretical
predictions. (middle) Ratio data/theory as a function of pij for D = 0.5 (left) and D = 1.0 (right). (bottom) Magnitude of the parton-
to-hadron corrections, Cyap( pjTe‘), used to correct the NLO pQCD predictions for D = 0.5 (left) and D = 1.0 (right). The shaded bands

indicate the quoted Monte Carlo modeling uncertainty.
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APPENDIX A: CORRELATIONS OF SYSTEMATIC
UNCERTAINTIES

The correlations among systematic uncertainties in dif-

ferent pjft bins and || regions are studied in detail. The
uncertainty on the absolute jet energy scale is decomposed
into different sources considered independent but fully

correlated across p’' bins and [y*!| regions. A *1.8%
uncertainty on the absolute energy scale, independent of
pr', results from the sum in quadrature of four different
contributions [45]: a =0.5% uncertainty from the calo-
rimeter stability versus time, a =1.0% uncertainty due to
the modeling of the jet fragmentation, a =0.5% uncertainty
from the simulation of the electromagnetic calorimeter
response, and a =1.3% uncertainty from the simulation
of the calorimeter response at the boundary between calo-
rimeter towers. Other contributions to the absolute energy
scale uncertainty come from the description of the calo-
rimeter response to hadrons for different ranges in hadron
momentum [45]. Table VIII shows the resulting relative
contributions to the quoted systematic uncertainty on the
measured cross sections related to the absolute jet energy
scale uncertainty.
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TABLE VI.  Systematic uncertainties (in percent) on the mea-
sured inclusive jet differential cross section as a function of pl',
for jets in the region 0.1 < |y**| < 0.7 and using D = 0.5 and
D = 1.0 (see Fig. 11). The different columns follow the dis-
cussion in Sec. X. An additional 5.8% uncertainty on the
integrated luminosity is not included.

Systematic uncertainties [%] (0.1 < [y| < 0.7) (D = 0.5)

It [GeV/c] Jet energy scale Resolution Unfolding p!'-spectra smi

PHYSICAL REVIEW D 75, 092006 (2007)

TABLE VII.  Measured inclusive jet differential cross section
as a function of pif* for jets in the region 0.1 < [y*!| < 0.7 using
D = 0.5 and D = 1.0 (see Fig. 11). An additional 5.8% uncer-
tainty on the integrated luminosity is not included. The parton-
to-hadron correction factors, Cyap(py'), are applied to the
pQCD predictions.

d Ju d sjet

0.1 < |y < 0.7) (D = 0.5)

jet

+9.9 +2.4 + + +0.8 o * (stat) = (sys) Chap
54-62 Zoa 53 +5.4 0.6 Tog  [GeV/c] [nb/(GeV/c)] parton — hadron
62-72 o8 24 4.3 0.6 *o7 T 5
83 Iy 33 “43  s0g e 54-62 (10.5 + 0.2712) X 10 1.089 + 0.104
8306 5 "y 1 sog oa  62-72 (4.81 = 0.037034) X 10° 1.076 * 0.086
96110 39 2 Tia aoe TS 72-83 (2.09 + 0. 01t32§) X 10° 1.064 *+ 0.070
o2 %0 21 L oo 3 83296 (0.91 + 0.01010) x 10° 1.055 + 0.057
110-127 04 o =306 S5 g6 0 (3.95 + 0.04°042) x 10! 1.047 + 0.047
127-146 ey oo 28 06 Tk yy0o17 (1712 0.02:818) x 107! 1.041 = 0,037
_ +11.2 +21 +25 +0.5 to4 U M Ye-017 . -
146-169 L0 20 £2 SO0 s 127-146 (0.71 = 0.01+0.08) x 10! 1.035 + 0.029
169-195 “19 21 *23 04 St 146-169 (2.76 = 0.02+337) X 1072 1.030 * 0.023
195-224 153 B F21 0 X030 T3 169-195 (104 +0.017014) x 1072 1.026 + 0.017
224-259 e 2 19 %02 3 195-224  (3.87 £0.02+037) x 1073 1.022 + 0.012
259-298 170 2718 =01 0 24050 (1.34=001°03) x 1073 1.019 = 0.008
298-344 +as e *1.6 0.1 93 259-298 (4.26 = 0.047553) x 107* 1.017 % 0.005
344-396 s Iy *15 02 3 298-344 (1.22 =0. oztogs) X 1074 1.015 = 0.002
396-457 301 iy *14 0.5 *03 0 344-39% (3.16 + 0.09705%) X 1073 1.013 = 0.001
457-527 3 3 *13 1.3 *03 396-457 (6.30 = 0.327{:2%) X 107° 1.011 % 0.002
527-700 3 3 *1.2 *42  F03 457-527 (1.01 = 0.127039) x 107° 1.010 = 0.003
- - _ +0.44 -7
Systematic uncertainties [%] (0.1 < [y!| < 0.7) (D = 1.0) 527-700 (0 83 £ 0.23753) X 10 1.008 * 0.005
- p K t =
Pr [GeV/c]Jet energy scale Resolution Unfolding p’t'-spectra 8™ dj ‘“dwe‘ 0.1 < <07) (D =10)
54-62 107 27 +56  *04 33 i o = (stat) = (sys) CHap
62-72 My iy +4.9 04 130 [GeV/c] [nb/(GeV/c)] parton — hadron
+10.3 +2.4 +2.6
72-83 93 24 w42 204 S 5462 (20.0 = 0.272%) X 10° 1.372 + 0.227
83-96 o2 23 O B e (8.65 + 0.04* 1) X 10° 1.296 + 0.171
96-110 93 2 w32 204G 7283 (3.59 = 0.027942) X 10° 1.236 + 0.129
110-127 96 2 28 *04 iy 8396 (1.49 = 0.015917) x 10° 1.190 + 0.098
127-146 o hEY: *25 04 I 96-110 (6.27 * 0. 05+070) X 107! 1.155 = 0.075
146-169 i i *2.1 04 T8 110-127 (2.63 = 0. 03t3§2) X 107! 1.127 + 0.057
169-195 s i *1.9 04 1 127-146 (1.05 £ 0.017312) x 107! 1.105 * 0.044
195-224 139 e *1.6 03 17 146-169 (4.04 +0.03704%) x 1072 1.088 =+ 0.034
224-259 s iy *1.4 03 f13 0 169-195 (1.48 £ 0.017(13) X 1072 1.075 = 0.026
259-298 180 24 *13 02 f13 195-224 (5.41 = 0.02*377) x 1072 1.065 = 0.019
298-344 B R *1.1 02 12 224-259 (1.86 = 0.017033) x 1072 1.057 = 0.013
344-396 T2 34 +1.0 +02 *12 259-298 (5.77 £ 0.047153) x 1074 1.050 = 0.008
396457 +30.1 +4.3 +0.8 +0.5 *tL1  298-344 (1.70 £ 0.02703%) x 10~ 1.045 = 0.003
—24.7 —4.4 -1.0 0.32
457-527 s +54 +07  xL1 fIl 344-396 (426 =0.107503) X 1070 1.041 =+ 0.003
527700 “93 o3 £0.6 =34 10 396-457 (8170367350 X 107 1.038 + 0.009
: ' 457-527 (1.39 = 0. 14t‘{2§) X 1076 1.036 = 0.015
527-700 (1.19 + 0.277060) x 1077 1.033 + 0.027

The rest of the systematic uncertainties on the measured
cross sections, including that on the total integrated lumi-
nosity, are also assumed to be independent and fully corre-
lated across pjf:t bins and |y*®| regions, except those related
to the Bgaa/ Bme ratio, for which uncertainties in different
|yi!| regions are uncorrelated.

A global y? test is performed according to the formula

2 —
X Zﬁ&ﬁ?+waw@P

O )i

17
+ Z[s,-]z,
i=1

(AD)

where 0';? is the measured cross section for data point j,
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TABLE VIII.
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Relative contributions (in percent) to the quoted systematic uncertainty on the

measured cross sections related to the absolute jet energy scale uncertainty. The second column
corresponds to a *1.8% uncertainty on the absolute energy scale, as discussed in the text.
Sources are considered independent and fully correlated in pjft and [yi].

ft pJTel independent Response to hadrons
[GeV/c] uncertainty p <12 GeV/c 12< p<20GeV/c p>20GeV/c
54-62 90.3 37.8 15.2 13.5
62-72 90.2 35.2 16.1 19.1
72-83 89.9 31.9 17.0 24.6
83-96 89.2 28.8 17.3 30.1
96-110 88.0 26.0 16.9 35.8
110-127 86.4 22.7 16.4 41.9
127-146 84.3 20.0 15.1 47.7
146-169 82.1 17.2 14.1 52.6
169-195 79.8 14.6 12.7 57.0
195-224 77.6 12.5 11.5 60.7
224-259 75.7 10.7 10.3 63.6
259-298 73.8 9.1 9.2 66.2
298-344 72.1 7.8 8.2 68.3
344-396 70.5 6.8 7.3 70.2
396-457 69.2 5.8 6.4 71.7
457-527 68.0 5.0 5.7 72.9
527-700 66.8 42 5.0 74.2

a'j-h(i) is the corresponding prediction, and § denotes the
vector of standard deviations, s;, for the different indepen-
dent sources of systematic uncertainty. The values for
a’}h(i) are obtained from the nominal NLO pQCD predic-
tion, where § includes the uncertainty on Cysp but does not
consider PDF uncertainties. The uncertainty on Cypp is
assumed to be fully correlated across pjf’t bins and |y
regions. The sums in Eq. (A1) run over 76 data points and

17 independent sources of systematic uncertainty, and the
x° is minimized with respect to 5. Correlations among
systematic uncertainties are taken into account in a’}h(i).
As an example, for a given source i, variations of s; will
coherently affect all the a’}h(i) values if the corresponding
systematic uncertainties are considered fully correlated

et 1 - ; .
across p’y' bins and [y!| regions.
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