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Analysis of the Full Run-2 Data Set for

• Inclusive Dijet Production

• Full unfolded double-differential cross-section measurements

• Comparison to full-colour NNLO pQCD predictions

• Ref:  arXiv:2512.19073  (submitted to EPJC)

• W+b Jet Production

• Unfolded total and differential cross-section measurements

• Comparisons to Sherpa and MadGraph5_aMC@NLO (MGaMC+Py8 FxFx) predictions

• Ref:  arXiv:2605.31205  (submitted to JHEP)

Both analyses use the full LHC Run-2 dataset (140 fb⁻¹, √s = 13 TeV) recorded by ATLAS in 2015–2018
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https://arxiv.org/pdf/2512.19073
https://arxiv.org/pdf/2605.31205


Dijet Analysis

• Full Run-2 dataset: 140 fb⁻¹ of pp collisions at √s = 13 TeV

• Recorded with a combination of single-jet triggers

• Jets reconstructed from particle-flow objects using the anti-kT algorithm (R = 0.4)

• Event selection:

• Leading and subleading jet pT > 75 GeV

• Leading and subleading jets within |y| < 3.0

• Dijet  y* < 3.0

• Dijet  HT,2 = pT,1 + pT,2 > 200 GeV

• Results presented as double-differential cross-sections in both (mjj, y*) and 

(mjj, yboost) unfolded at particle level for direct comparison with theoretical 

predictions.

Dijet Analysis Variables

y* = ½ | y₁ − y₂ |
- Proxy for the scattering angle
- tanh(y*) = cos(theta*)

yboost = ½ | y₁ + y₂ |
- Measure of the asymmetry of the scattering
- yboost = 1/2 ln(x1/x2)
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Dijet Kinematic Variables

y* = ½ | y₁ − y₂ |

• Central vs. forward dijet topology

• Sensitive to physics beyond the Standard Model

• New-physics models predict an excess of dijets at low y*
 

yboost = ½ | y₁ + y₂ |

• Unboosted vs. highly-boosted dijet system

• Sensitive to the parton distribution functions (PDFs)

• Probes the longitudinal momentum fraction of the incoming partons

• Low boost: x1 ≈ x2.   High boost: highly asymmetric x1, x2

x₁,₂ = (2 pT,avg / √s) cosh(y*) exp(-/+yboost)

Event topology in the laboratory frame as a function of (y*, yboost); panels show the two 

leading-jet directions in the transverse plane for each analysis bin.
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Uncertainties and Unfolding

• Detector simulation: PYTHIA 8.230, LO 2→2 matrix elements + parton 

shower

• Unfolded to particle level using the Iterative, Dynamically Stabilized (IDS) 

Bayesian method

• Bin-to-bin migrations in (mjj, y*) and (mjj, yboost) are unfolded 

simultaneously, accounting for correlations between the two binning 

schemes

• Dominant systematic uncertainty: jet energy scale (JES)

• Derived from a combination of in-situ techniques and simulation-based 

studies

• Reduced by a factor of 2–3 relative to the previous ATLAS measurement for 

mjj above a few hundred GeV

• Jet energy resolution (JER) and other residual effects (unfolding bias, 

calorimeter module status, luminosity) are sub-dominant

Relative systematic uncertainty vs. mjj in the first/last y* and yboost bins 

(JES, JER, other, total, stat.)
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JES paper: Eur. Phys. J. C 85 (2025) 927

https://link.springer.com/article/10.1140/epjc/s10052-025-14409-1


Uncertainties: Comparison to Previous Measurement
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The full relative experimental uncertainty in the dijet cross-section measurement (Total uncertainty) as a function of 

mjj in the three of the six y* analysis bins compared to the full uncertainty of the ATLAS dijet cross-section 

measurement based on a partial LHC Run-2 data sample corresponding to 3.2 fb-1 published in JHEP 05 (2018) 195.

https://doi.org/10.1007/JHEP05(2018)195


NNLO pQCD: Predictions and Uncertainties

• Predictions computed at NNLO with full colour using NNLOJET, 

interfaced via pineAPPL / APPLGRID for fast convolution

• Scale choice: μR = μF = mjj

• Compared with five modern PDF sets: CT18, MSHT2020, 

NNPDF3.1, NNPDF4.0, ATLASpdf21

• Figures show NNPDF4.0

• PDF set gives the smallest PDF uncertainty (typically around 2%)

• Cf. CT18NNLO gives PDF uncertainties of up to about 10%.

• For CT18NNLO PDF uncertainty is one of the dominant theory 

uncertainties

• For NNPDF4.0 uncertainty comparable to the s and theory 

statistical uncertainties, leaving the scale uncertainty as the 

dominant contribution.

• Theory uncertainty dominated by the PDF eigenvector 

variations, with sub-dominant contributions from scale variation 

and αs

• Upgrade from the previous (NLO, leading-colour) ATLAS dijet 

measurement — NNLO full-colour corrections are now resolved 

differentially in mjj, y* and yboost

Relative NNLO theory uncertainty (stat., scale, αs, PDF, total) for the 

NNPDF4.0 set, first/last y* and yboost bins
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Non-Perturbative and EW Corrections

• Non-perturbative QCD corrections (hadronisation + multi-parton interactions) 

estimated from parton-shower generators

• PYTHIA 8 and HERWIG 7, several tunes/PDFs each; envelope taken as the systematic 

uncertainty

• Corrections are largest at low mjj and shrink to a few percent at high mjj

• Electroweak computed following Dittmaier, Huss and Speckner

• Sizeable (up to ~10%) at the highest dijet masses in the central region (y* < 0.5), 

while becoming a mild and negative correction in the forward (large y*) and boosted 

(large yboost) regions.

• Both corrections are applied multiplicatively to the fixed-order NNLO QCD 

prediction before comparison to data
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The non-perturbative correction factors in the first and last y* (top) 

and yboost (bottom) bins. The nominal non-perturbative correction 
factors are derived using PYTHIA8.210, NNPDF2.3 PDF set, and A14 
tuned parameters, while the envelope defines the associated 

uncertainty applied to the theory.

Electroweak correction factors for the dijet double-differential 

cross-section as a function of the invariant dijet mass mjj in six y* 
(L) bins and six yboost (R) bins.

https://link.springer.com/article/10.1007/JHEP11(2012)095


Dijet Cross-Sections
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Dijet Cross-Section: Theory / Data  (y* bins)
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NLO pQCD predictions tend to 
overestimate the data

NNLO improves the theory/data 
description especially at low y∗ (where 
most events are in the phase space)

At higher 𝑦∗ values, NNLO predictions 
remain consistently above the data, 
(similar to the NLO predictions)



Dijet Cross-Section: Theory / Data  (yboost bins)

Lee Sawyer “ATLAS Dijets & Heavy Flavour Jets” BOOST2026 – Krakow, Poland   10

Better agreement with NNLO observed at low 
𝑚jj across all 𝑦boost bins

NNLO predictions lead to an improved 
agreement with the data for all 𝑚jj bins at 
higher 𝑦boost > 1.5 

Note: Choice of R & F in fixed-order pQCD 
effect normalization and shape of the 
predictions



Dijet Results

• Double-differential cross-sections measured over 240 GeV < mjj < ~10 TeV, six bins each of y* and yboost

• NNLO full-colour pQCD tends to overestimate the data by ~15–20%, with the best qualitative agreement for the NNPDF4.0NNLO PDF 

set

• Quantitatively (χ² test, accounting for correlations), ATLASpdf21T3 gives the lowest global χ²/ndf in both observables

• Better overall agreement is found in (mjj, yboost) than in (mjj, y*)

• No PDF set is preferred uniformly across all bins — measurement provides strong constraints for future PDF extractions, particularly for 

the gluon PDF at high Bjorken x.

• Total experimental uncertainty improved by a factor 2–3 relative to the previous ATLAS Run 2 dijet measurement

• More granular uncertainty decomposition is advantageous for 2 tests and future PDF fits
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W+b Jet Analysis

• Tests pQCD at NLO (and, in future, NNLO) in a process with both electroweak and heavy-

flavour sensitivity

• Key background to WH production with H → bb,̅ and to single-top / ttbar measurements

• Updates the previous ATLAS 7 TeV measurement (JHEP 06 (2013) 084) with ≈30x more data 

and a factor ≈2 better precision

• Also uses the full 140 fb⁻¹ Run-2 dataset

• Logical ‘OR’ of single-electron and single-muon triggers

• Event selection:

• Exactly one electron or muon, pT > 28 GeV

• Missing transverse momentum 28 GeV < ET
miss < 60 GeV (neutrino from W decay)

• W candidate transverse mass mT > 65 GeV

• Two signal regions: one jet / one b-tag (1j1b), and two jets / one b-tag (2j1b)

Representative leading-order diagrams for W+b production (top) and a single-top 
background process (bottom)
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https://doi.org/10.1007/JHEP06(2013)084
https://doi.org/10.1007/JHEP06(2013)084
https://doi.org/10.1007/JHEP06(2013)084
https://doi.org/10.1007/JHEP06(2013)084
https://doi.org/10.1007/JHEP06(2013)084
https://doi.org/10.1007/JHEP06(2013)084


Identifying the b-jets

• b-jets identified using a multivariate tagging discriminant built from track impact parameters and reconstructed secondary vertices

• Tagging operating point corresponds to 60% efficiency for genuine b-jets in simulated ttbar events

• Selected jet is additionally split into two tagging-discriminant bins:

• a tighter 0–20% efficiency bin (high purity)

• a looser 20–60% efficiency bin

• This two-bin split is the key handle used to statistically separate W+b signal from the W+c / W+light-jet background — see next slide

• Data/simulation differences in the tagging efficiency are corrected with dedicated, flavour-dependent calibration factors

0–20%
(tight, high purity)

20–60%
(loose)

rejected (> 60% eff. b-tag working point)

low  ←  b-tag discriminant score  →  high
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ATLAS flavour-tagging algorithms for the LHC Run 2 𝑝𝑝 collision dataset,
 Eur. Phys. J. C 83 (2023) 681 

https://doi.org/10.1140/epjc/s10052-023-11699-1
https://doi.org/10.1140/epjc/s10052-023-11699-1
https://doi.org/10.1140/epjc/s10052-023-11699-1


Background Estimation: the Flavour Fit

• Dominant background: W+c-jets and W+light-jets 

• Same kinematics as signal, distinguished only by the b-tag 

discriminant shape

• Signal (W+b) and W+other-jet yields extracted simultaneously with a χ2 

fit to the discriminant distribution in the two tagging-efficiency bins

• Performed inclusively, and independently in each of four b-jet pT bins 

(25–30, 30–40, 40–60, 60–140 GeV) for the differential measurement

• Smaller backgrounds (top-quark, diboson, Z+jets, multijet) constrained 

from simulation or data-driven methods

• Fitted scale factors for signal and background are consistent with unity 

in both signal regions and across the full pT range
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Unfolding to the Particle Level

• Background-subtracted, flavour-fitted yields are unfolded to a particle-level 

fiducial region (lepton, neutrino and jet kinematics matching the 

reconstruction-level selection)

• Inclusive measurement: 2x2 (jet-multiplicity) matrix, inverted directly — 

migrations are small

• Differential measurement: 8-bin (multiplicity x b-jet pT) response matrix, 

inverted with an iterative Bayesian technique (5 iterations)

• Nominal response from Sherpa; MGaMC+Py8 FxFx used for cross-checks and 

to estimate modelling/unfolding-bias uncertainty

• Results are combined between electron and muon channels with the BLUE 

(Best Linear Unbiased Estimate) method

σi: unfolded cross-section in bin i

A: response matrix (migrations)

ei, fj: efficiency / fiducial correction factors

dj − bj: background-subtracted data yield
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Ficucial region definition

https://doi.org/10.1016/0168-9002(88)90018-6


W+b Jet Cross-Sections
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• Measured total fiducial cross sections and 
differential cross section vs b-jet pT

• Large improvement from previous 7TeV Analysis.
• Stat. 10%→1%
• Syst. 25%→15%

• Good agreement with Sherpa
• Noticeable deviations from Madgraph
• Uncertainties in theory from scale and PDF 

variations



W+b Results

1-jet region

9.1 ± 0.1 (stat.) ± 0.9 (syst.) pb

2-jets region

7.5 ± 0.1 (stat.) ± 1.1 (syst.) pb

1+2 jets (combined)

16.6 ± 0.2 (stat.) ± 1.9 (syst.) pb

σfid measured in pp → W + b-jets at √s = 13 TeV, 140 fb⁻¹ (combined e + μ channels)

• Consistent with the Sherpa (NLO) prediction in all three regions; larger than MGaMC+Py8 FxFx by ≈ 1 standard deviation

• Precision improved by approximately a factor of 2 relative to the previous ATLAS 7 TeV measurement

• Measurement dominated by systematic uncertainty (~10%); statistical uncertainty only ~1–2%, thanks to the full Run-2 dataset

• Leading systematics: b-tagging calibration, jet pT scale, and top-quark background modelling

• Differential cross-section vs. b-jet pT measured in both the 1-jet and 2-jet regions; both NLO generators describe the shape well 

within uncertainties

• Provides a precise, differential constraint on a key background to H → bb ̅and top-quark analyses
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Summary and Outlook

• Two precision QCD measurements using the full ATLAS Run 2 dataset (140 fb⁻¹, √s = 13 TeV):

• Inclusive dijets: double-differential cross-sections up to mjj ≈ 10 TeV; 

• Significant improvement in precision over previous measurement, first measurement in (mjj,yboost)

• Comparisons to NNLO full-colour pQCD,  new discrimination between modern PDF sets

• W+b jets: a 2x-more-precise total and differential cross-section

• Good agreement with NLO predictions

• Of direct relevance to ttbar, single-top, and WH(→bb)̅ analyses

• Both provide stringent benchmarks for the next generation of (N)NLO QCD predictions and PDF determinations

• Thank you — questions welcome!
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Backup
Dijet Analysis — Additional Goodness-of-Fit Tables
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Backup: NP & EW Correction Inputs

• Non-perturbative (NP) corrections = σ(particle level) / σ(parton level), i.e. the effect of hadronisation and multi-parton interactions on the 

fixed-order prediction

• Estimated from several MC generators, hadronisation models, PDFs and underlying-event tunes (below)

• Nominal: PYTHIA 8.210 + NNPDF2.3 + A14 tune; the spread over the other configurations defines the NP systematic uncertainty

• NP corrections reach ~5% at low mjj and shrink towards high mjj

• Electroweak (EW) corrections = 1 + δ_tree + δ_1-loop, computed for 2→2 processes to NLO; negligible at low mjj, reaching +10% (lowest 

y*), −5% (high y*) and −3% (high y_boost) at high mjj

Table 1 (arXiv:2512.19073): generators / tunes used to evaluate the non-perturbative corrections
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Backup: Goodness of Fit vs. PDF Set (y* bins)

• χ²/ndf computed between the unfolded data and NNLO pQCD predictions, for each y* bin and across five PDF sets

• Includes correlations between mjj bins via the full experimental covariance matrix

• ATLASpdf21T3 gives the lowest global χ²/ndf (288/237); all PDF sets describe the data reasonably well

Table 2 (arXiv:2512.19073)
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Evaluated χ2/ndf for the dijet cross-section in the individual and global y* bins taking into account NNLO pQCD predictions 
using CT18, NNPDF3.1, NNPDF4.0, MSHT, and ATLASpdf21T3 PDF sets, and μR = μF =mjjcorrected for electroweak and 
non-perturbative corrections to the unfolded data. The ATLASpdf21T3 does not include an αs uncertainty, as it is not published.



Backup: Goodness of Fit vs. PDF Set (yboost bins)

• Same χ²/ndf comparison, binned instead in yboost

• ATLASpdf21T3 again gives the lowest global χ²/ndf (166/160); CT18NNLO and NNPDF4.0NNLO are also close to unity per d.o.f.

Table 3 (arXiv:2512.19073)
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Evaluated χ2/ndf for the dijet cross-section in the individual and global yboost bins taking into account NNLO pQCD predictions
 using CT18, NNPDF3.1, NNPDF4.0, MSHT, and ATLASpdf21T3 PDF sets, and μR = μF =mjj corrected for electroweak and 
non-perturbative corrections to the unfolded data. The ATLASpdf21T3 does not include an αs uncertainty, as it is not published.



Backup
W+b Jet Analysis — Background Estimation Details
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Backup: Flavour-Fit Scale Factors

• Inclusive flavour fit results for the W+b-jets (p0) and W+other-jets (p1) normalisation factors

• Uncertainties quoted are statistical (first) and systematic (second)

• All scale factors are consistent with unity within uncertainties, validating the background modelling

Table 1 (arXiv:2605.31205)
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Fitted scale factors for W + b-jets and W + other-jets in the 1j1b and 2j1b regions for both electron and muon final states. 
The quoted uncertainties correspond to the statistical (first) and systematic (second) components.



Backup: Observed and Expected Event Yields

Table 2 (arXiv:2605.31205)
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Observed and expected number of events in each signal region after the flavour fit. Only MC statistical uncertainties are shown 
for the V+jets, diboson and top-quark processes, as well as the total predictions. For the multijet process, the total uncertainty is 
displayed instead.



Backup: W+b-jet Particle-Level Fiducial Region

• Cross-sections are quoted in a particle-level fiducial region closely 

matching the reconstruction-level selection, minimising dependence on 

theory

• Leptons are 'dressed' (photons within ΔR = 0.1 added); leptons from τ 

decays are excluded

• Particle-level jets: anti-kT R = 0.4, b-tagged via ghost-association of b-

hadrons

• Neutrino pT and mT cuts are looser than at reconstruction level, 

reflecting the large experimental resolution in these variables

Table 3 (arXiv:2605.31205): particle-level fiducial definition
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Backup: Differential Cross-Section & Systematics 

• Combined 1+2-jet differential cross-section vs. leading 

b-jet pT, with full per-bin systematic breakdown

• b-tagging dominates at low pT (14%); top-background 

modelling dominates at high pT (14%)

Table 7 (arXiv:2605.31205)
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Combined differential cross-sections in the 1+2-jet region with a breakdown of uncertainties. 
The unfolding uncertainty includes the statistical uncertainty in the unfolding procedure, the 
modelling uncertainty and the unfolding bias introduced by the Bayesian unfolding method. 
Predictions from both Sherpa and MGaMC+Py8 FxFx are shown for comparison. 
The uncertainties on the predictions are from scale and PDF variations.
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