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Introduction

• Rich phenomenology in the non-perturbative regime of 
QCD, where  is strongly coupled  

• This talk will focus on a recent ATLAS result on soft QCD

αS
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Observation of double parton scattering in same-sign  boson pair production in 
 collisions at  13 TeV with the ATLAS detector  

[Phys. Lett. B 870 (2025) 139892] 

W
pp s =

Minibias measurements with  collisions 
in ATLAS [link] 
Lydia Audrey Beresford [DESY]

pO

QCD jet measurements in ATLAS [link] 
Hanfei Cui [University College London]

Other talks from the ATLAS Collaboration:

Drell-Yan precision in ATLAS [link] 
James Ferrando [Lancaster University]

ATLAS measurements of  [link] 
Laura Fabbri [INFN Bologna]

αS

And more!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/
https://indico.global/event/17070/timetable/?view=standard_inline_minutes#44-minibias-measurements-with
https://indico.global/event/17070/timetable/?view=standard_inline_minutes#46-qcd-jet-measurements-in-atl
https://indico.global/event/17070/timetable/?view=standard_inline_minutes#43-drell-yan-precision-measure
https://indico.global/event/17070/timetable/?view=standard_inline_minutes#123-atlas-measurements-of-alph


Double Parton Scattering (DPS)
Multiple hard interactions from two different partons in the 
same  collision 

DPS cross-sections can be estimated by simple factorized Ansatz 
(neglecting correlations between the two parton collisions) 

•  effective cross-section spatial overlap of partons in plane 
perpendicular direction of motion.  

 Can be compared across experiments 

Measurements of DPS in different processes provide a probe to 
inner hadron structure, as well as unexpected effects due to 
neglected correlations

pp

σeff

→

in a nutshell
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[Phys. Lett. B 870 (2025) 139892] 

σDPS
AB =

1
1 + δAB

σAσB

σeff

σDPS
AB /σSPS

A = Λ2
QCD/Q2

Credit: J. Gaunt

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/
https://www.ph.nat.tum.de/fileadmin/w00bya/ttpmath/seminars-slides/Munich_Seminar_Gaunt.pdf


Double Parton Scattering
DPS extensively explored by experiments at the Tevatron and LHC hadron colliders. 

 has become a promising channel for DPS measurements due to the 
strong background suppression 

• Single-Parton Scattering (SPS) observed since early Run2 by CMS and ATLAS 

• Cross-section measurements at 13 TeV available for this process [CMS, 
ATLAS], also for polarized final states [CMS, ATLAS] 

SPS dominates at , where tagging jets are selected [Ref].  

W±W±

s =

Njets ≥ 2

in  productionW±W±
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[Phys. Lett. B 870 (2025) 139892] 

DPS

QCDEWK

SPS

First observation of DPS in  
production by CMS!

W±W±

σCMS
eff = 12.2+2.9

−2.2 [mb]

https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-004/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-06/index.php
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-32/index.php
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2019-29/
https://arxiv.org/abs/1003.3953
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-013/


Expected signature
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[Phys. Lett. B 870 (2025) 139892] 

Emiss
T

μ±μ±

Selection requirements
• Same-sign lepton pair ( , ) 

• Lepton  

• Veto third lepton 

•  &&  

•  ( , DL1r 85%) 

•  

•  ( )

e± μ±

pT > 27 GeV

mℓℓ > 20 GeV |mℓℓ − mPDG
Z | > 15 GeV

Nb−jets = 0 pT > 20 GeV, |η | < 2.5

Emiss
T > 30 GeV

Njets ≤ 1 pT > 30 GeV, |η | < 2.5

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Expected signature
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[Phys. Lett. B 870 (2025) 139892] 

Selection requirements

❌

❌

Emiss
T

μ±μ±

• Same-sign lepton pair ( , ) 

• Lepton  

• Veto third lepton 

•  &&  

•  ( , DL1r 85%) 

•  

•  ( )

e± μ±

pT > 27 GeV

mℓℓ > 20 GeV |mℓℓ − mPDG
Z | > 15 GeV

Nb−jets = 0 pT > 20 GeV, |η | < 2.5

Emiss
T > 30 GeV

Njets ≤ 1 pT > 30 GeV, |η | < 2.5

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Isolating DPS from background processes
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[Phys. Lett. B 870 (2025) 139892] 
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Most discriminating kinematic observables:

3%11%

9%

4%

29%

44%

WZ Lepton MisID Charge MisID Vy DPS Others

9%4%
7%

6%

33%

42%

-jet region0 -jet region1

DPS signal modeled with Pythia8 (with A14 tune) at LO  
(Herwig7 with default tune as alternative) 

DPS signal expected to yield  

• softer leptons, 

• larger rapidity separation of lepton pair  
(non-correlated kinematics)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Signal extraction

• Two dedicated DNNs in  and jet SRs 

• Binned maximum-likelihood fit using DNN 
scores in exclusive jet categories 

- Other backgrounds based on data-driven estimation 
techniques (Non-prompt, ch. flip) and MC simulation. 

• Good signal-background separation achieved 

• Bkg-only hypothesis rejected with observed 
significance of .

0− 1−

8.8σ
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[Phys. Lett. B 870 (2025) 139892] 

-jet region0

-jet region1

  
,  

μDPS W±W±

μW±Z, 0−jet μW±Z, 1−jet

*DNN-score binning optimized for maximal expected significance

Observation by CMS confirmed!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-21-013/


Kinematic distributions
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[Phys. Lett. B 870 (2025) 139892] 
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Good description of the Data in 
the DPS-enriched region 

(DNN>0.5)

Confirms non-correlated 
kinematics of two hard-scattering 

parton collisions in the event

Complex correlations between hard 
interactions, neglected in simplified 

Ansatz, are subleading given the 
stat. uncertainties of the Data

DPS-enriched region, DNN > 0.5

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Statistical uncertainties of the Data (13%)
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[Phys. Lett. B 870 (2025) 139892] 

σ(W±W±) ⋅ ℬExtract fiducial cross-section  branching ratio in phase-space close to 
reconstructed event selection

×

σ(W±W±) ⋅ ℬ = 4.59 ± 0.64 [fb]

Systematic uncertainties

Leading uncertainties

Non-prompt background estimate (2.6%)

Jet Energy Scale and Resolution (3%)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/
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[Phys. Lett. B 870 (2025) 139892] 

σ(W±W±) ⋅ ℬ = 4.59 ± 0.64 [fb]

σDPS
AB =

1
1 + δAB

σAσB

σeff

σATLAS
eff = 10.6 ± 1.8 [mb]

Extrapolate to full phase-space, given computed  and   
 Extract 

σW+ σW−

⟹ σeff

Cross-section measurements

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Summary
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This talk focused on a recent ATLAS result on soft and non-perturbative QCD:

Observation of double parton scattering in same-sign  
boson pair production in  collisions at  13 TeV 

with the ATLAS detector  

[Phys. Lett. B 870 (2025) 139892] 

W
pp s =

• First observation of DPS in same-sign  by ATLAS using 
 of recorded  collision data at  TeV 

Observed significance:  

• Fiducial cross-section  

 

• Effective cross-section  

 

• Total uncertainty  dominated by statistical 
uncertainties of the Data 

WW
140 fb−1 pp s = 13

8.8σ

σ(W±W±) ⋅ ℬ = 4.59 ± 0.64 [fb]

σeff = 10.6 ± 1.8 [mb]

(14%)
(13%)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Backup slides
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Lepton kinematic variables for DNN training
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[Phys. Lett. B 870 (2025) 139892] 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Lepton kinematic variables for DNN training
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[Phys. Lett. B 870 (2025) 139892] 

-jet region0

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Lepton kinematic variables for DNN training
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[Phys. Lett. B 870 (2025) 139892] 

-jet region1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


Post-fit selected events
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[Phys. Lett. B 870 (2025) 139892] 

-jet SR0 -jet SR1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/


(All) Kinematic distributions
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[Phys. Lett. B 870 (2025) 139892] 

-jet SR, DNN0 > 0.5

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/
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[Phys. Lett. B 870 (2025) 139892] 

-jet SR, DNN1 > 0.5

(All) Kinematic distributions

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/

