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1. Introduction

Differential dijet cross-sections are useful tools for probing perturbative regime of Quantum
Chromo-Dynamics (QCD). They are sensitive to Parton Distribution Functions (PDF) and the
strong coupling constant ¢s. In addition, dijet invariant mass is sensitive to resonances or new
interactions beyond the Standard Model (SM). Double differential dijet cross-section has been
measured in proton-proton collisions at /s =7 TeV [1] for anti-k, jets [2] with radius parameter
of 0.4 and 0.6. The data was collected in 2011 by the ATLAS detector [3] at LHC [4], correspond-
ing to a total integrated luminosity of 4.5 fb~!. Cross-sections are measured in bins of half of the
absolute rapidity separation between the leading two jets (y*) as a function of invariant mass (11,)
of those. The amount of statistics and better understanding of jet energy scale (JES) and it’s sys-
tematic uncertainties [5] with respect to the previous ATLAS measurement of the same observable
[6] allowed measuring this quantity up to 5 TeV in dijet mass with experimental uncertainty com-
parable to the theoretical uncertainty in magnitude. Results are quantitatively analysed within the
context of next-to-leading order (NLO) perturbative QCD (pQCD) predictions with various PDF
sets. Non-perturbative (NP) effects (i.e. hadronisation, underlying event (UE)) and higher-order
electro-weak (EW) effects have been taken into account.

The present note is designed as follows: Section 2 summarises the theoretical predictions,
the experimental measurement is described in Section 3, the results are discussed in Section 4,
conclusions follow after.

2. Theoretical Predictions

The NLOJet+ + package [7, 8] is used to calculate the fixed order O(ag) pQCD predic-
tions. The software is interfaced with APPLGRID [9] for fast convolution with different PDF sets.
The PDF sets considered are CT10 [10], HERAPDF1.5 [11], epATLJet13 [12], MSTW2008 [13],
NNPDF2.1 [14, 15], NNPDF2.3 [16] and ABM11 [17]. For consistency with the previous ATLAS
measurement [6], the renormalisation (tg) and factorisation (tr) scales have been chosen as:

U= g = pp = pree®?,

where p7* is the transverse momentum of the leading jet. To estimate systematic uncertainties in
the fixed order calculation, these scales have been varied independently up and down by a factor of
two, and the calculation was performed with all possible combinations of these variations, except
the case, when they are varied in opposite directions. The maximum deviation of the results with
modified scale choices with respect to the nominal one is considered as a systematic uncertainty
attributed to missing higher order terms. Besides, uncertainties rising from that on o are consid-
ered, and the uncorrelated uncertainty components of each PDF set are also propagated through the
fixed order calculation.

Although being negligible for integral cross-sections, electro-weak effects can be significant
for differential cross-sections (up to 9% for mj, > 3 TeV in the range y* < 0.5). Thus, they have
been taken into account in the final comparisons with the data. These effects are assessed as NLO
EW tree-level corrections of O(oas,a?) and weak loop level corrections of O(aa?) on top of
leading order (LO) QCD [18].
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Finally, non-perturbative effects are also taken into account to bring the parton-level cross-
section predictions to the jet level. These corrections have been derived using leading logarithmic
parton shower Monte Carlo generators (MC) as binwise ratio of cross-sections with UE and hadro-
nisation on over the cross-section with those effects off. The nominal NP correction was derived
using PYTHIA6.425 [19] with AUET2B tune [20] derived for MRST LO** PDF set [21]. To assess
the systematic uncertainty on NP effects, the same generator with the AUET2B tune derived for
CTEQGL1 PDF set [22], as well as HERWIG + + generator [23, 24, 25] with UEEE3 tune [26]
derived for CTEQ6L1 and MRST LO** PDF sets are used.

3. Measurement

Dijet cross-section is measured using ATLAS 2011 data of proton-proton collisions at centre-
of-mass energy of 7 TeV. Jets are reconstructed from topological 3-dimensional clusters of energy
depositions in ATLAS calorimeters using the anti-k; algorithm with jet radius parameter of R=0.4
and R=0.6. Jet energy and direction are calibrated using a sequence of methods described in de-
tails in [5]. A suite of fully efficient high level jet triggers is used to pre-select events. Events
are required to have at least one reconstructed primary vertex with two or more tracks each with
pr > 400 MeV. The jet acceptance is restricted to |y| < 3.0. Events with two or more jets are con-
sidered, imposing pr > 100 GeV cut on the leading jet and py > 50 GeV cut on the subleading jet.
To reject cosmic and other non-collision background, these jets are furthermore required to fulfill
the “medium” quality selection criteria described in [27].

Events passing all these requirements described above are used to fill the reconstruction level
dijet mass spectra in data. These spectra are then unfolded to particle level using Iterative, Dynam-
ically Stabilised method [28]. The response matrices are built from PYTHIA6.425 generator with
AUET2B tune using GEANT4 toolkit [29] for detector simulation.

The dominant experimental systematic uncertainty for this measurement is the JES uncertainty.
It is assessed by shifting the JES with one ¢ up and down for each of the independent component
of JES uncertainties, thus propagating these to the cross-section level, and then adding them in
quadrature. The uncertainties rising from Jet Energy Resolution (JER) and Jet Angular Resolution
(JAR) are also propagated through the cross-section level randomly smearing the JES according to
the resolutions. Unfolding non-closure and jet cleaning efficiency are also considered as systematic
uncertainties, however they are fairly small with respect to the JES uncertainty across all the y* and
dijet mass bins. The statistical uncertainty is assessed via pseudo-experiments exploiting 10000
replicas of data spectra and MC response matrices with Poisson distributed random event weights
centered at one.

4. Results and Discussion

The measured cross-section is presented in Fig. 1 overlaid with the theoretical prediction with
the CT10 PDF set. A general agreement is observed between the data and the theoretical prediction
covering almost 8 orders of magnitude in the measured cross-section values. To express the level
of agreement quantitatively, a frequentist method is used exploiting a generalised definition of
x? to account for correlations and the asymmetries in the systematic uncertainties. The resulting
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observed P values for several PDF sets are shown in the Fig. 2, where the ratio of the theoretical

prediction over the measured cross-section is illustrated.
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Figure 1: Dijet double differential cross-sections as a function of dijet invariant mass in different y* bins in

data and theoretical prediction for anti-k; jets with R=0.6 [1].
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Figure 2: The ratios of the cross-sections predicted by theory with several PDF sets over the measured ones
as a function of dijet invariant mass in different y* bins [1].
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No major deviation of data from theory prediction is observed for CT10, MSTW2008, NNPDF2.3
PDF sets. The agreement is somewhat worse for HERAPDF1.5 PDF set in the high mass range of
the spectra and for ABM11 PDF set almost across all the spectra in the first y* bins.

5. Conclusions

Dijet double differential cross-section is measured with 4.5 fb~! of proton-proton collision
data at /s = 7 TeV with the ATLAS detector [1]. These results extend the kinematic reach and
experimental precision with respect to the previous ATLAS publication [6] due to more statistics
and improved understanding of JES. The measured cross-sections are quantitatively compared with
NLO pQCD predictions with various PDF sets corrected for higher order electro-weak and non-
perturbative effects. In general, predictions agree with the measurement except for some PDF sets
in specific kinematic regions. These results can be exploited to further constrain the PDFs at high
momentum fraction, as well as to confront different theoretical models beyond the Standard Model
with the data, as shown in the example given in [1]. The used method for the assessment of the
statistical uncertainties via pseudo-experiments also allows taking automatically into account the
statistical correlations when combining this measurement with any other one, that is based on the
same data sample and uses the same method.

References

[1] ATLAS Collaboration, Measurement of dijet cross sections in pp collisions at 7 TeV centre-of-mass
energy using the ATLAS detector, JHEP 05 (2014) 059, arXiv:1312.3524 [hep-ex]

[2] M. Cacciari, G.Salam, G. Soyez, The Anti-k(t) jet clustering algorithm, JHEP 04 (2008) 063,
arXiv:0802.1189 [hep-ph]

[3] ATLAS Collaboration, The ATLAS Experiment at the CERN Large Hadron Collider , JINST 3 (2008)
S08003

[4] L. Evans, P. Bryant (editors), LHC Machine, JINST 3 (2008) S08001

[5] ATLAS Collaboration, Jet energy measurement and its systematic uncertainty in proton—proton
collisions at \/s =7 TeV with the ATLAS detector, arXiv:1406.0076 [hep-ex]

[6] ATLAS Collaboration, Measurement of inclusive jet and dijet production in pp collisions at
/s =7 TeV using the ATLAS detector, Phys.Rev. D86 (2012) 014022, arXiv:1112.6297 [hep-ex]

[7] Z. Nagy, Next-to-leading order calculation of three-jet observables in hadron-hadron collision, Phys.
Rev. D68 (2003) 094002, arXiv:hep-ph/0307268

[8] S. Catani, M. H. Seymour, A General Algorithm for Calculating Jet Cross Sections in NLO QCD,
Nucl.Phys. B485 (1997) 291-419; Erratum-ibid. B510 (1998) 503-504, arXiv:hep-ph/9605323

[9] T. Carli et al., A posteriori inclusion of parton density functions in NLO QCD final-state calculations
at hadron colliders: the APPLGRID project, Eur Phys J C 66 (2010) 503

[10] H.-L. Lai et al., New parton distributions for collider physics, Phys. Rev. D 82 (2010) 074024,
arXiv:1007.2241 [hep-ph]

[11] HI and ZEUS Collaborations, HERAPDF 1.5 , Hlprelim-10-142, ZEUS-prel-10-018,
http://www.desy.de/h1zeus/combined_results/index.php?do=proton_structure


http://link.springer.com/article/10.1007%2FJHEP05%282014%29059
http://arxiv.org/abs/1312.3524
http://arxiv.org/abs/0802.1189
doi:10.1088/1748-0221/3/08/S08003
doi:10.1088/1748-0221/3/08/S08003
http://iopscience.iop.org/1748-0221/3/08/S08001/
http://arxiv.org/abs/1406.0076
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.014022
http://arxiv.org/abs/1112.6297
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.094002
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.094002
http://arxiv.org/abs/hep-ph/0307268
http://www.sciencedirect.com/science/article/pii/S0550321396005895
http://arxiv.org/abs/hep-ph/9605323
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-010-1255-0
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.074024
http://arxiv.org/abs/1007.2241
http://www.desy.de/h1zeus/combinedprotect T1	extunderscore results/index.php?do=protonprotect T1	extunderscore structure

Measurement of the jet production cross section at 7 TeV Gagik VARDANYAN

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]
[25]

[26]

[27]

(28]

[29]

ATLAS Collaboration, Measurement of the inclusive jet cross section in pp collisions at
/s =2.76 TeV and comparison to the inclusive jet cross section at \/s =1 TeV using the ATLAS
detector, Eur. Phys. J. C 73 (2013) 2509, arXiv:1304.4739 [hep-ex]

A. Martin, W. Stirling, R. Thorne, and G. Watt, Parton distributions for the LHC, Eur. Phys. J. C 63
(2009) 189-285, arXiv:0901.0002 [hep-ph]

R. Ball et al., A first unbiased global NLO determination of parton distributions and their
uncertainties, Nucl. Phys. B 838 (2010) 136-236, arXiv:1002.4407 [hep-ph]

S. Forte, E. Laenen, P. Nason, and J. Rojo, Heavy quarks in deep-inelastic scattering, Nucl. Phys. B
834 (2010) 116-162, arXiv:1001.2312 [hep-ph]

R. Ball et al., Parton distributions with LHC data, Nucl.Phys. B 867 (2013) 244-289,
arXiv:1207.1303 [hep-ph]

S. Alekhin, J. Bluemlein, and S.-O. Moch, ABM11 PDFs and the cross section benchmarks in NNLO,
PoS LL 2012 (2012) 016, arXiv:1302.1516 [hep-ph]

S. Dittmaier, A. Huss, and C. Speckner, Weak radiative corrections to dijet production at hadron
colliders, JHEP 11 (2012) 095, arXiv:1210.0438 [hep-ph]

T. Sjostrand, S. Mrenna, and P. Skands, PYTHIA 6.4 Physics and Manual, JHEP 05 (2006) 026,
arXiv:hep-ph/0603175 [hep-ph]

ATLAS Collaboration, ATLAS tunes of PYTHIA 6 and Pythia 8 for MC11,
ATL-PHYS-PUB-2011-009, https://cds.cern.ch/record/1363300

A.Sherstnev, R. Thorne, Different PDF approximations useful for LO Monte Carlo generators,
arXiv:0807.2132 [hep-ph]

J.Pumplin et al., New generation of parton distributions with uncertainties from global QCD analysis,
JHEP 07 (2002) 012, arXiv:hep-ph/0201195 [hep-ph]

M. Bahr et al., HERWIG++ Physics and Manual, Eur. Phys. J. C 58 (2008) 639-707,
arXiv:0803.0883 [hep-ph]

S.Gieseke et al., HERWIG++ 2.5 Release Note, arXiv:1102.1672 [hep-ph]

G. Corcella et al., HERWIG 6: An Event generator for hadron emission reactions with interfering
gluons (including supersymmetric processes), JHEP 01 (2001) 010, arXiv:hep-ph/0011363 [hep-ph]

S. Gieseke, C. Rohr, and A. Siodmok, Colour reconnections in HERWIG++, Eur. Phys. J. C 72
(2012) 2225, arXiv:1206.0041 [hep-ph]

ATLAS Collaboration, Selection of jets produced in proton-proton collisions with the ATLAS detector
using 2011 data, ATLAS-CONF-2012-020, http://cds.cern.ch/record/1430034

B.Malaescu, An Iterative, Dynamically Stabilised (IDS) Method of Data Unfolding, arXiv:1106.3107
[physics.data-an]

GEANT4 Collaboration, GEANT4: A simulation toolkit, Nucl. Instrum. Meth. A 506 (2003) 250-303


http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-013-2509-4
http://arxiv.org/abs/1304.4739
http://arxiv.org/abs/0901.0002
http://arxiv.org/abs/1002.4407
http://www.sciencedirect.com/science/article/pii/S0550321310001550
http://www.sciencedirect.com/science/article/pii/S0550321310001550
http://arxiv.org/abs/1001.2312
http://www.sciencedirect.com/science/article/pii/S0550321312005500
http://arxiv.org/abs/1207.1303
http://pos.sissa.it/archive/conferences/151/016/LL2012_016.pdf
http://arxiv.org/abs/1302.1516
http://link.springer.com/article/10.1007%2FJHEP11%282012%29095
http://arxiv.org/abs/1210.0438
http://iopscience.iop.org/1126-6708/2006/05/026
http://arxiv.org/abs/hep-ph/0603175
https://cds.cern.ch/record/1363300
http://arxiv.org/abs/0807.2132
http://iopscience.iop.org/1126-6708/2002/07/012
http://arxiv.org/abs/hep-ph/0201195
http://epjc.epj.org/articles/epjc/abs/2008/23/10052protect T1	extunderscore 2008protect T1	extunderscore Articleprotect T1	extunderscore 798/10052protect T1	extunderscore 2008protect T1	extunderscore Articleprotect T1	extunderscore 798.html
http://arxiv.org/abs/0803.0883
http://arxiv.org/abs/1102.1672
http://iopscience.iop.org/1126-6708/2001/01/010
http://arxiv.org/abs/hep-ph/0011363
http://link.springer.com/article/10.1140/epjc/s10052-012-2225-5
http://link.springer.com/article/10.1140/epjc/s10052-012-2225-5
http://arxiv.org/abs/1206.0041
http://cds.cern.ch/record/1430034
http://arxiv.org/abs/1106.3107
http://arxiv.org/abs/1106.3107
http://www.sciencedirect.com/science/article/pii/S0168900203013688

