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Abstract The dijet production cross section for jets con-1 Introduction
taining ab-hadron b-jets) has been measured in protonb
proton collisions with a centre-of-mass energy o = The measurement of jets containing-aadron b-jets) pro-
7TeV, using the ATLAS detector at the LHC. The data usedduced in protonBproton collisions at the Large Hadron Col-
correspond to an integrated luminosity a24b°. The cross  lider (LHC) provides an important test of perturbative quan-
section is measured for events with two identibgdts with  tum chromodynamics (pQCD). Calculations of theuark
atransverse momentupy > 20 GeV and a minimum sepa- production cross section have been performed at next-to-
rationinthe B plane of R = 0.4. Atleast one of the jets leadingorder of s (NLO)in pQCD [1B4]. These calculations
inthe eventis required to hayy > 270GeV. The cross sec- can be combined with different parton-shower and hadroni-
tion is measured differentially as a function of dijet invariantsation models to generate simulated events which can be
mass, dijet transverse momentum, boost of the dijet systemmpmpared to data. _
and the rapidity difference, azimuthal angle and angular dis- Cross sections for the production obh pair have been
tance between thb-jets. The results are compared to dif- measured previously atthe Tevatré88], and at the LHC by
ferent predictions of leading order and next-to-leading ordethe ATLAS [9,10] and CMS [L1] collaborations. These mea-
perturbative quantum chromodynamics matrix elements susurements agree with NLO predictions for well-separated
plemented with models for parton-showers and hadronizgets, althoughb-jets with large transverse momenta in the
tion. central regions are not well described by simulatio®s [
The results in Ref.J0] also agree with the NLO predic-
tions; though small deviations are present at large transverse
momenta in events withla:jet and light-Ravour jet (jet gen-

Contents erated by a light quark). The CMS measurement found thatin
the phase-space region of small angular separation between
1 Introduction . .. ... ... .. . .. ... ..., 1 theb-jets, there are substantial differences between data and
2 ATLAS detector . . . . . . . . . . . ... 2 NLO predictions, and among the NLO predictions them-
3 Simulated dataset. . . . ... ........... 3 selves. _
4 Jetselection . . . . . . . .. ... 3 The lowest-order Feynman diagrams fuy production
4.1 b-Jet selection. . . . . . . . . ... 3 are shown in Figl. They debne different production mech-
5 Eventselection . . . . . . . . ... 3 anisms which are useful in understandlng the_ beha_vpur of
B PUIY « o o oo 4 the bb system. InRavour creatlor(_FCR) bothb-jets origi- _
. nate from the hard scatter: these jets tend to be the hardest in
6 Unfoldmg. """ St 4 the event and are predicted to have an approximate back-to-
7 System{:\tlc unce_rta_unnes """"""" S back conbguration in the transverse plane. hen split-
8 Theoretical predictions. . . . ... ... ..... 6 ting (GSP) production mechanism creates a pair jgts that
9 Resultsanddiscussion. . . ............ 6 are expected to have a small angular separation. The topol-
10Conclusion. . . ... ... 10 ogy ofRavour excitatiofFEX) is less distinctive, but it tends
References . . . .. .................. 10 to contain an additional parton, which reduces the angular

separation between thejets. The requirement of a mini-
mum transverse momenturpy() of 270 GeV for the leading

) o jet applied in this analysis enhances the three-jet production
e-mail:atlas.publications@cern.ch
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g b 9 TryTTTe T——— b Table 1 Ranges of the variables of the measured differential cross sec-
tions
Variable Range

9 b g wrssrTe———— Db

. ) Mpb 50D1000 GeV
() Ravour creation (s-channel)  (b) Ravour creation (t-channel)

PT.bb 0D400GeV

g b g b 0]5)

%’\<‘/ R 0.4D4.0
b y P Ve 0D2.5
g g 9 e rrrnane 9 y 0b1.7

(c) gluon splitting (d) Ravour excitation

Fig. 1 Lowest-order Feynman diagrams fais production . . . L
g y g P with O the dijet observable under investigatidfiagthe num-

ber ofb-tagged jet pairsfpp the purity of the selected sample,

mechanisms relative to the Ravour creation mechanism, ilr]t[]he selectl(;n eﬂDfCiEanL the '”tde%r_att‘?‘; I;J_mlnfosné/ ztanci
comparison to the analyses of ReBE[1]. e correction of the measured distribution for detector

Different regions of th@Ephase space are probed via theeﬁeCtS’ fSUiE aj.ftfhe Je: engrgtj)yl/ resolult_lcina'_rh(_eraztleasurement
six differential cross sections presented in this article. Fofanges forthe difierent variables are listed in €

large values of the dijet invariant-massp, the Bavour cre-
ation mechanism is expected to dominate, leading to Pnal
states with well-separated hard jets. Events produced via ATLAS detector

gluon splitting or Bavour excitation are concentrated at small _ ) )
mbb. The opposite is expected for the! of the dijet sys- The ATLAS detector 12] consists of an inner tracking sys-

tem, pr bb, Where the highepr bp regions are dominated tem, immersed in a 2T axial magnetic beld, surrounded by
by gluoh-splitting production énd only the lower values Ofelectromagnetic calorimeters, hadronic calorimeters and a

pr.ob have signibcant contributions from events producedntUon spectrometer. _

via Bavour creation. The azimuthal angle between bwo ~ 'N€ inner detector has full coverage inand covers the

jets, , separates the different production mechanism&seudorapidity range | < 2.5. The inner detector consists

more evenly. The angular distance between the tvjets of silicon pixel and microstrip detectors, surrounded by a
R= () 2+ () 2 isavariableoftenusedinanalyses transition radiation tracker (up ol = 2.0). The electromag-

reconstructing heavy objects decaying into toets. The netic calorimeter is a leadbliquid argon sampling calorimeter

other two observables are the rapidity difference between thgPVering| | < 3.2. Hadron calorimetry in the central pseu-

two b-jets,y = %Iylé yol, wherey; is the rapidity ofb-jet dorapidity region |( | < 1.7) is provided by a scintillator-

i, and the boost of the dijet systeys = 3|y1 + ya|. The tile calorimeter using steel as the absorber material. The

1 - ? .

latter is related to the momentum of the initial-state parton.i,1adronlc end-cap calorimeter uses liquid argon with cop-

involved in the hard scatter and it is therefore sensitive to th8" abgorbler'plattes andt ex(tjetr;‘ds up fo= 3t2<A(jldSI; |(?rnhal
parton distribution functions (PDFs). orward calorimeters extend the coverage tp< 4.9. The

The measurement of thé dijet differential cross sections outer region of the detector is formed by a muon spectrometer

is performed with the ATLAS detector, using protonDproton&hg:DLésgia Forcr:id:;l)l malgne(;i(i ';gg ;V_';h E_l b(re]nding powerTok:‘
(pp) collisions at a centre-of-mass energy o = 7TeV. ) - Tminthe barreland 1. > Tminthe end-caps. The

The data were recorded in 2011 and correspond to an intg?yon sp_ecztrA(f)mec;er provides trigger mformau_on ;orbmug.ns
grated luminosity of £ fb>1. The differential cross sections upto| | = 2.4 and momentum measurements in the bending

are debned as planeuptd | = 2.7.
The trigger system uses three consecutive levels to record

_ a selection of interesting events. The level-1 trigger (L1) is
d pp bbb+ X _ NiagfonU (1)  based on custom-built hardware that processes the data with
do L O a bxed latency of 2)5s. The second level and the event Plter,
collectively referred to as the high-level trigger (HLT), are
R software-based triggers.
! The ATLAS reference system has the origin at the nominal interaction The jet triggers at L1 use information about the energy

point. Thex- andy-axes debne the transverse plane, the azimuthal anglaeposits in the electromagnetic and hadronic calorimeters
is measured around the beam axjgnd the polar anglewith respect

to thez-axis. The pseudorapidity is debned as & In[tan( / 2)]and ~ USING trigger towers with a granularity of = x =
pr is momentum transverse o 0.1x 0.1. Jetidentibcation is based on the transverse energy
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deposited in a sliding window of% 4 or 8x 8 trigger tow- 4.1 b-Jet selection
ers. The HLT further rebnes the selection, making use of
Pner-granularity detector information and using reconstrucThe Ravour of a jet at particle level is dePned according to
tion software close to that used by physics analyses. Due the hadrons contained in the jet. If the jet contains at least
the high rate of jet production, only a predetermined fractioroneb-hadron withpr > 5GeV and R with respect to the
of events that pass the jet triggers are recorded. The factor lpgt axis of less than 0.3, then it is considered dsjat. If
which the number of events that pass a trigger is reduced %0 b-hadron is present, but@hadron that meets the same
known as theprescale criteriais found, then the jetis considered asjat. All other
jets are considered as light-RBavour jets.
At detector level, the relatively long lifetime bfhadrons
3 Simulated dataset is used to select an event sample enrichelkjet pairs. To
identify b-jets, a combination of the JetFitter and IP3D algo-
To investigate efpciencies and model the data, simulatedthms [27] is used. The JetFitter algorithm aims at recon-
dijet events produced by th@ythia 6.4 [13] Monte structing the decay vertex of the-hadron and the sub-
Carlo (MC) event generator are usdtiyithia 6.4 imple-  sequently produced-hadron, assuming that both vertices
ments matrix elements at leading order (LO) ig for lie on the same line from the primary vertéxorrespond-
2 2 processes, ar-ordered parton shower with leading- ing to the Right direction of thé-hadron. The IP3D algo-
logarithm accuracy and multi-parton interactions to simu+ithm is a track-based algorithm using the signed longitudinal
late the underlying event. The hadronisation is describednd transverse impact parameter signibcances of the tracks
using the Lund string modellf]. Events are generated matched to the jet (where the impact parameter is debned as
with the MRST LO** [15] PDFs and a set of parame- the distance of the track from the vertex at the point of closest
ters tuned to ATLAS data, AUET2B-LO**16]. At this  approach). The variables describing the impact parameters
stage, all generated particles with a lifetime greater thamand the reconstructed decay chain are combined by a neural
30ps are collectively referred to as tharticle-levelevent.  network trained using MC simulation samples. This combi-
Detector-levelevents are produced by passing the particlenation assigns a set of probabilitigs,, pc, pi) to every jet,
level events through a full simulatioi]] of the ATLAS  corresponding to the probability of the jet being-get, c-jet
detector based on GEANTA4LY]. The effect of multiple or light-Bavour jet, respectively. A jet is considered tobe
pp interactions in the same or nearby bunch crossingtagged when log,(pu/ pi) > 0.35, a choice that results in a
(pile-up) is included in all MC simulations. Events in MC b-tagging efbciency ofy,  70% in simulatedt events (cor-
simulation are reweighted, in order to match the distri-responding to &-jet rejection factor of 5 and light-Ravour
bution of the number of multiplgpp interaction distribu- jet rejection factor of 125).
tions to that observed in the data. During the 2011 data- A scale factor is applied to the efpciency obtained from
taking period, the number gfp collisions per bunch cross- simulation to account for the data-MC difference. Two meth-
ing varied between 0.5 and 249. The resulting simu- ods are employed to select thésgt samples: the brst uses
lated events are digitised to model the detector responsesn independenb-tagging algorithm that selects jets con-
and then reconstructed using the same software as for da&ining a muon from a semileptontehadron decayZ8];
processing. the other selectls-jets fromtt decays 29]. The differences
between data and simulation observed in these control sam-
ples are used to derive a seriegwt and -dependent scale
4 Jet selection factors, which are then applied to each jet in simulation.
Table2 contains all the Pducial phase-space depbnitions for
Jets are reconstructed from energy clusters in the calorimgarticle-level and detector-level objects used in this analysis.
ter using the antik [20,21] algorithm as implemented in the
FastJet packag@?®], with jet radius parametaR = 0.4. Jet
energy is corrected to the hadronic energy scaB fvhich 5 Event selection
on average adjusts the reconstructed jet energy to the true
energy. The reconstructed jets are subjected to calorimetegvents are selected using two calorimeter-based single-jet
based quality selection24]. Jet candidates coming from triggers with apr-thresholds of 180 and 240 GeV ahd <
background processes, namely: cosmic-ray showers, LH 2. These thresholds are used to dePne two ranges for the
beam conditions and hardware problems, are rejected as

described in Ref.25]. Central jets with| | < 2.5 orig- 2 The primary vertex is debPned as the vertex with the largest scalar sum

inating from pile-up are rejected by a track-based selecsf p2 for its associated tracks and with at least two associated tracks
tion [26]. with pr > 400 MeV.
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Table 2 Fiducial phase space of the measurement. The dePnition artdhe 3avour content of tHH;pair in data. These templates are
the selection requirements for particle-level and detector-level jets argepned as:
given. The particle-level jets are constructed using all particles, includ-

ing muons and neutrinos, as input (see S@ctThe log (pu/ pr) cri-
terion corresponds to the ratio of the probabilities of the jet beiniea
or light-Ravour jet

DePnition Particle-level jets Detector-level jets

Jetidentibpcation  antir with R= 0.4

Include muons and
neutrinos

b-Jets debnition b-Hadron withpr > 5
GeV

R (jetp-hadron¥k 0.3

anti-k; with R= 0.4

1030 (po/ pr) > 0.35

Event selection
Leading jet pr > 270GeVand | < 3.2
2 b-Jets selection pr > 20GeVand | < 25
2 b-jets separated by R > 0.4

transverse momentum of the leading jet where the trigge‘i‘e

efbciency is close to 100%: 2770 pt < 355GeV andot >

355GeV, respectively. A prescale factor of 3.5 was applied t

€ bb-templatey( f1, f2) = (b, b),

€ b-template( f1, f2) = (b, c), (c, b), (b, 1) or (I, b),
€ c-template( f1, f2) = (c, ¢), (c, 1) or (I, ¢),

€ Il-template( f1, f2) = (1,1),

where f; and f; indicate the Ravour of the leading and sub-
leading jet, respectively. The fraction bb events in the
b-tagged sample is determined by the relative contribution
of thebb-template.

The dijet templates are obtained from single-jet templates
in MC simulation using a convolution technique in every
bin of the investigated variables. This allows the creation of
smooth, Pnely binned templates even for bins with a small
number of dijet pairs. As the-hadron decay is a process
internal to the jet, thd-tagger probabilities for a given jet
do not depend signibcantly on the properties of the dijet sys-
m. The shape of the bt variable distribution can be param-
eterised as a function of ther and Bavour of the single jets

81 simulation. The contribution of eadtpr1, pr2, f1, f2)

the 180 GeV threshold trigger; no prescale factor was app"eaombination within a cross-section bin is then determined

to the 240 GeV threshold trigger.

by convolving the log, (pu/ pc) distributions for(pr1, f1)

Quality requirements are applied to ensure that th&nd(Pr2, f2). Figure2 shows examples of the bts for two

selected events are well measured. In addition to selecti
only data from periods in which all sub-detectors were oper-
ating nominally, a veto is applied to reject specibc events i
which the calorimeters were suffering from noisy or inactive

regions.
The leading jet is not required to be identiPed dsjat,

but the selected events must have at leasthvagged jets

with pr > 20GeV and | < 2.5, and the two highespr

rEjns of the variableprt pp and R.

To verify the validity of the procedure, a closure test is

performed by comparing the templates obtained via the con-

volution to those obtained from the bi-dimensiomal dis-
tribution. Good agreement is observed with the generated
templates in all kinematic regions.

b-tagged jets within th | requirement are taken as the dijet & Unfolding

pair. To avoid jets with signibcant overlap, the thxagged
jetsinthe pair are alsorequired to be separatedBy> 0.4.

5.1 Purity

The correction of the measured distribution for detector
effects and inefbciencies is done via an unfolding proce-
dure that uses the iterative dynamically stabilised (IDS)
method BQ]. At particle level, jets are constructed using all

particles, including muons and neutrinos, as input. Particle-

While the requirement ob-tagged jets provides an event level jets are required to pass the same kinematic selections
sample enriched ibb pairs, there is still a non-negligible as jets reconstructed in the calorimeter. The detector effects
contamination front-jets and light-Bavour jets. The fraction are corrected by using an unfolding matrix, which maps the
of trueb-jet pairs in the sample di-tagged jet pairs, referred event migrations in a binned distribution from detector level
to as the purity of the sample, is determined by performingo particle level. The data are unfolded using the unfolding
a template bt to the combined IP3D and JetFitter probabilitynatrix and then compared to the predicted particle-level dis-
distributions. This bt is performed independently in each birribution. The iterative part of the unfolding allows the matrix

of the cross-section measurement. To obtain optimal sep# be modibed to account for mismodelling of the MC sim-
ration betweerb- andc-jets, the bt variable is constructed ulation. Any statistically signibcant differences between the
as logyg(po/ pc), where the sum is taken over both of the data and simulation are assumed to originate from processes

b-tagged jets.

not included in the simulation and are added into the unfold-

The bt uses a maximum-likelihood method to determineéng matrix. The data are then unfolded using the modibed
the relative contributions of four templates that best describanfolding matrix and the process is repeated until no ele-
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Fig._2 Examples of te'mplate 21600;”,_,43' i "o Dam20it ] EATLAS ' " e Data2011
btsin aprppand R bin. The 100 p, crocey B Bionoee
uncertainty shown on thib 21400F ' Clo-template 1 3 Clb-template 3
fraction is the statistical 51200F Elbb-template 5 3 Mlbb-template 3
H F oy = 0.540 + 0.020 E fopb =0.615+ 0.017 7
uncertamt_y of the p.t p_arameter. 1000F- ;bZIDoF =32.1/34 4 E XDZD/DOF =34.5/35
Systematic uncertainties are not 800E =
shown 6005 Yo7 Tev, 4217 E_ Vs=7 TeV, 4.2 b

400
200 200
o O o O : : , ,
= 15} | ] = 15f "
@ | SR WW@O".‘““"% 4 ? E | SRR +‘ o Pc0sesoe0,® 060" #++
T 05¢ o & 05( 1
5 0 5 10 15 20 -5 0 5 10 15 20
>log(p,/p,) Y log(p,/p,)
(8) 90 GeV < prj, < 110 GeV (b) 14<AR< 17

ment in the unfolding matrix is modibPed by more than oneTable 3 Summary of the dominant sources of systematic uncertainties
percent. To cross-check the unfolding results, the unfoldingnd their relative effect on the cross section

is done with a bin-by-bin method and compared. The binSource Cross section
by-bin method takes the ratio of the detector-level jet and relative uncertainty
particle-level jet distributions, combining all the necessaryy, tagging efbciency 10D30%
corrections into a single factor. It treats each bin as an indeg,_;4, template bt 3D8%
pendent measurgment, behaving as if events appear or d|§ej8f energy scale 10D20%
pear within the bin rather than moving to another. The ratioy energy resolution 2D8%
of IDS to bin-by-bin results is about 2%, except for the mass, .
. et angular resolution 1D5%

and thepr, where differences up to 10% were observed. _

. L. . . Unfolding 5D10%

The unfolding matrix is derived from simulated o
Luminosity 1.8%

Pythia 6.4 dijet events, and is debned for events that have
both the particle-level and the detector-level jet pairs within

the bducial acceptance of the analysis. Fiducial and efbciency

correction factors are applied to the data before and aﬁé}ncerta?nties. Their magnitu_de depends on the variable u;ed
the unfolding, respectively. The bducial correction, applied_n the d|ffc<j-:-rent|gl Cross sect|o.n measurement, gn%thi min-
before the unfolding, accounts for the effects that cause iinum and maximum uncertainties are reporte - Each sys-
detector-level jet pair not to be matched to a particle-leve}emat'c uncertainty is propagated through the entire analysis,

jet pair. The primary reason for the mismatch is that Onéncluhdinbg the gnfoliing procedu(;el.l hi-Q . L
of the particle-level jets has jpr below the event selection The b-tagging efbciency and light-Bavour-jet rejection

threshold and so is rejected by the analysis. The efbcienc{j‘tes ir;MC simlul?tion are ce;:ibra}tedl by prlyipg- "fll_rk'}d }
corrections, applied after the unfolding, correct primarily for ependent scale factors to the simulated j2849]. These

particle-level jets which meet the event selection criteria bu??ale factors are derived using various data-driven tech-
are measured outside of the bducial range at detector level!

iques, as discussed in Settl The uncertainty from this
calibration is evaluated by varying the scale factors for each
jet Bavour by one standard deviation. The effect of this uncer-
tainty ranges from 10 to 20% in most bins, and reaches 30%
7 Systematic uncertainties for low and high values ofngp,.
While the b-tagging calibration uncertainty takes into
The systematic uncertainties on the measured cross sectiomscount differences between data and MC simulation in the
are evaluated varying the relevant quantities by one standakdtagging efpciency, this does not necessarily account for
deviation, and applying the unfolding procedure; the differ-differences in the shape of thetagger probability distribu-
ences with respect to the standard procedure are taken as tiens. Theb-tagging algorithm used for this analysis makes
uncertainties. The total systematic uncertainties are obtainage of tracks to identifip-jets. To account for any effects due
by adding the components in quadrature. to track mismodelling, all the template bts are re-evaluated
The dominant systematic uncertainties in this measureafter the simulated events are reweighted to match the small
ment result from thé-tagging and the jet energy scale cal- difference inb-jet track multiplicity observed in data and the
ibrations. Table3 provides an overview of the systematic difference is taken as the uncertainty. The resulting uncer-
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tainty in the cross section amounts to about 1%. In additionljne to examine the theoretical uncertainties. The largest the-
a control sample ob-jets is selected using a tag-and-probeoretical uncertainties derive from the PDF uncertainties and
method. The data-to-MC ratio of the Iy po/ pc) for the  uncertainties due to missing higher orders. By varying the
probe jets is btted with a brst-order polynomial. The templateenormalisation scalgir, and the factorisation scalgy,
pts are then redone after the MC simulation is reweighteevhich are set to the same valueRowheg, an estimate of
to match the difference in lqg(po/ pc) seen in data. The the effects of the missing higher-order terms can be made. To
resulting uncertainty is in the rang&8%. evaluate the uncertainty, the scales are varied independently
The systematic uncertainty resulting from the calibrationfrom one half to twice the central value, and the cross-section
of the jet energy scale2f] is typically around 10%, but variations are added in quadrature. The effect of the scale
reaches 20% for jets with a small angular separation. Smallemcertainties on the NLO prediction ranges from 20 to 50%,
contributions to the jet uncertainties result from mismod-and dominates the theoretical uncertainty. The uncertainties
elling of the jet energy resolutiorB]] and the resolution of due to the choice of PDFs are estimated from the 52 eigen-
the jet direction. The uncertainty of the jet energy resolutionsectors of the CT10 PDF set evaluated at 68% conbdence
is estimated by performing an additional Gaussian smearinigvel, and are in the range 5910% for the variables investi-
of the jets by one standard deviation, resulting in a 2D8%ated. Other cross-checks were performed, such as a study
uncertainty. The uncertainty due to the jet angular resoluef the effect due to thb-quark mass uncertainty and of the
tion is estimated by comparing the angular resolution of thescale matching betwedtowheg and the parton shower. All
nominal sample with that of samples for which the materialbf these have a negligible effect. The total theoretical uncer-
description and-jet fragmentation are varie®2,33]; this  tainty is obtained by adding the scale and PDF uncertainties
uncertainty is in the range 1D5%. in quadrature.
The unfolding uncertainty is evaluated by reweighting the
MC simulation that is used to derive the unfolding matrix
to reproduce the cross section measured in data. Using the
reweighted unfolding matrix results in a 5910% change i® Results and discussion
cross section, which is assigned as a systematic uncertainty. _
Finally, the systematic uncertainty of the luminosity, whichThe differential cross section fdab production is shown
is fully correlated among all bins, is 1.8%49). All other  as a function of the six observables in Figs4, 5, 6, 7,
sources of correlations are assumed to be negligible. 8. The top panel of each bgure shows the data points as
black dots, with the total experimental uncertainties as yel-
low boxes, together with the prediction and theoretical uncer-
8 Theoretical predictions tainties obtained by usinBowheg. The middle and lower
panels report the ratio of theoretical predictions to data. For
The results are compared to the NLO MC generatorshe predictions frorMC@NLO, Sherpa andPythia 6.4,
Powheg, r2299, B4E87] and MC@NLO 4.01 [38,39].  only the statistical uncertainties are shown. Because of the
Both NLO generators use the CT10(] PDFs and a-  normalisation factor applied t®ythia 6.4 distributions, as
quark mass of 4.95GeV. Events generated vidlthwheg  explained in Sect8, the comparison betwedPythia 6.4
are passed through thRythia 6.4 parton shower and and datais meaningful only at the shape level. Tabulated val-
MC@NLO events are showered witherwig 6.520 [41].  ues of all observed results are available in the Durham HEP
Herwig 6 uses an angular ordering parton shower with adatabase44]. Figure3 shows the differential cross section
cluster hadronisation model and employs the MRST LO**for bb production as a function of the dijet invariant mass.
PDFs and the set of tuned parameters AUET2-LO%42][  The cross section decreases with increasing mass except for a
While Powheg andMC@NLO are both formally accurate step around 550 GeV. This value corresponds approximately
to NLO, their treatment of higher-order terms differs. Theto twice thepr requirement on the leading jet, i.e. to a mass
data are also compared to the LO predictions provided by theegion where the Ravour-creation process, with two almost
Sherpa 1.43 43] andPythia 6.4 MC generatorsSherpa  back-to-back-jets, becomes the dominant production mech-
is capable of generating multiple partons in its matrix ele-anism.Powheg provides a very good description of the data
ments, and was also used to genetdiaising a LO 2 3  over the whole mass spectrum, with the exception of the
matrix elements for this prediction. A3ythia 6.4 isa LO  high-mass region where a small debcit in the prediction is
generator, it is not expected to provide an accurate normaseen. TheMC@NLO prediction is consistently below the
isation. ThePythia 6.4 distributions are normalised to the data formpp, < 350 GeV, at which point it becomes higher
integrated cross section measured in data by applying a facttran data. This jump corresponds to the region where the
of 0.61.Sherpais found to produce the correct cross-sectionf3avour-creation process begins to contributéliqoroduc-
normalisationPowheg+Pythia 6.4 is chosen as the base- tion. The LO predictions (botlsherpa and Pythia 6.4)
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Fig. 3 Top panelthe _
differential cross section fdib
production as a function of dijet
invariant massmpp, compared
to the theoretical predictions
obtained usind®owheg.
Theoretical uncertainties
obtained by usingfowheg are
also shownMiddle panelratio
of the NLO predictions to the
measured cross sectiddottom
panelratio of the LO predictions
to the measured cross section.
For the predictions from
MC@NLO, Sherpa and

Pythia 6.4 only the statistical
uncertainties are shown. For
bothmiddleandbottom panels
theyellow bandrepresents the
combined statistical and
systematic experimental errors
for the data. Theoretical
uncertainties on the POWHEG
prediction are also shown

Fig. 4 Differential cross
section forbb production as a
function of the transverse
momentum of the dijet system,
pT.bb- The bgure layout is as in
Fig.3
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Fig. 5 Differential cross

=
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section forbb production as a ? E o oo e b ' E
function of the azimuthal angle = C ATLAS .
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about 200 GeV, whil&Sherpa overestimates the data in the to dominate. This is visible in the peaks at and
region50 prpp 130GeV.Pythia 6.4 reproduces well R 3. The NLO predictions are above the data in Fig.
the shape of the data. forlow  values, where thib pair is more likely produced

The cross sections as a function of the azimuthal angle artdgether with at least one other jet. They reproduce well the
ofthe B distance between the jets are shownin Figend  shape of the data distribution for 1, but underestimate
6, respectively. In these bgures, the region at high anguldhe cross section by a factor two in the same region. Good
separation is where the Ravour-creation process is expectadreement between data and simulation with LO generators
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Fig. 7 Differential cross
section forbb production as a
function of the boost of the dijet
systemyg = 3 |y1+ Ya|. The
bgure layout is as in Fi@

—e— Data 2011

] stat. + Syst.
POWHEG+PYTHIA 6

d (pp bE+x)/dyB [pb]
P R R RPN
oONDMNO ®O
O O O O O o
[ ® |
) ]
®

T3
> |
° o 0|
—< -

N A

[ ] N
2 ]

N
||||||||||||||||||||||||||||||||||||_

.I...I...I...I...I...I...I...I...I...,...I...

2E ¥ POWHEG+PYTHIA 6
15F A MC@NLO+HERWIG 6

NLO/ Data

2E ¢ PYTHIAG x0.61
B SHERPA 1.43

& HH

LO/Data
=
(6)]

02 04 06 08 1 12 14 16 18 2 22 24

<
w

Fig. 8 Differential cross
section forbb production as a
functionofy = 1|y; S ys|.
The bgure layout is as in Fi§.

I0———F—— 7T T T T
350 ATLAS

300
250
200
150
100
50

—e— Data 2011
= -1
Vs=7TeV, 4.2 b O stat +Syst
POWHEG+PYTHIA 6

d (pp bb+X)/dy* [pb]

!

A
+ "

P

] ] ] ] ] 1 1@ I
VY POWHEG+PYTHIA 6
A MC@NLO+HERWIG 6

N
|IIII|IIII|I IIII|IIII|II

NLO/ Data
o
(63
-IFI
>

¢ PYTHIA 6 x0.61
Hl SHERPA 1.43

in
IR

N
T[T 17T

LO/Data
=
(6)]

o
o u
TTTTTTTT

o
N
o
SN
o
(o]
o
(o]
=
[EEN
N
[EEN
IS
=
()]
<
*

123



670 Page 10 of 24 Eur. Phys. J. C (2016) 76:670

is seen. The differential cross section as a function &,
shown in Fig.6, is well reproduced byowheg. The ratio
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