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Introduction

Other talks from the ATLAS Collaboration:

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

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

Observation of double parton scattering in same-sign W boson pair production in
pp collisions at \/E = 13 TeV with the ATLAS detector

[Phys. Lett. B 870 (2025) 130892]

And more!
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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

[Phys. Lett. B 870 (2025) 130892]

Double Parton Scattering (DPS)

in a nutshell

Multiple hard interactions from two different partons in the
same pp collision

DPS cross-sections can be estimated by simple factorized Ansatz

.

. . . . Credit: J. Gaun
(neglecting correlations between the two parton collisions) edit: J. Gaunt
. . . . Ulglg'g) — fFik(xbxz;}’) X 5{;1- 515 X F}'z(x'px'z,}’) d*y
* o, effective cross-section spatial overlap of partons in plane X 1
perpendicular direction of motion. Double parfon density (DPD)

— 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
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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

[Phys. Lett. B 870 (2025) 130892]

Double Parton Scattering

in WEW: production ATLAS (s=13TeV, 140 fb"

UA2 (/s = 630 GeV, 4 jets, 1991) F >
CDF (/s = 1.8 TeV, 4 jets, 1993) . ¢ 1
1 1 1 CDF (/s = 1.8 TeV, v + 3 jets, 1997) H-¢-H
DPS extensively explored by experiments at the Tevatron and LHC hadron colliders. S Sttt A advell iy
LHCb (/s =7 TeV, J /¢A§:, 2012) -
+yy7+ . — ——
W=W= has become a promising channel for DPS measurements due to the L I AR AL R S
LHCb (/s = 7 TeV, J/4DO, 2012) —t—

strong background suppression ATLAS (/s 7 TV, Wt 3 ints. 2013) M

CMS (y/s =T TeV, W+ 2 jets, 2014)

* Single-Parton Scattering (SPS) observed since early Run2 by CMS and ATLAS Do E\/fi ~ 196 EX: T E/J;—SF 2 355 2014) s
DO (/s = 1.96 TeV, J/v + J /4, 2014) I—M—I |
* Cross-section measurements at \/E = 13 TeV available for this process [CMS, LHOD ( %5;7S&Tgvl;egfg({gsg(?}f} -~ R
ATLAS], also for polarized final states [CMS, ATLAS] Do Eﬁz RS % w:;g(;é%?m) ™ S

ATLAS (y/s =7 TeV, 4 jets, 2016) —T 3
ATLAS (/s =8 TeV, J/¢ + J /¢, 2017) HeaeH

CMS (/s =8 TeV, T + Y, 2017)

LHCb (/s = 13 TeV, J/v + J /1), 2017) SRR G :
ATLAS (/s = 8 TeV, 4 leptons, 2019) jessmsssssnnnnaaana)
CMS (/s = 13 TeV, 4 jets, 2022)

DPS CMS (/s = 13 TeV, WEW*, 2023)

q 1% Illllllllllllllllllllllllllll

0 5 10 15 20 25 30

SPS dominates at V;,

> 2, where tagging jets are selected [Ref].

Experiment (energy, final state, year)

G . [mb]
W+ eff
First observation of DPS in WTW=

production by CMS!

q o+ o = 12.2437 [mb]
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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/

[Phys. Lett. B 870 (2025) 130892]

Expected signature

Selection requirements

 Same-sign lepton pair (e™, u™)

* Lepton p; > 27 GeV

* Veto third lepton

* my, > 20 GeV && |m,, — m,PY| > 15 GeV
* Ny_iers = 0 (pr > 20 GeV, |n7]| < 2.5, DLir 85%)
* EMSS > 30 GeV

e No.. < 1(p;> 30 GeV, || < 2.5)

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

[Phys. Lett. B 870 (2025) 130892]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/

Isolating DPS from background processes

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)
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vy @ DPS @ Others

Normalized distribution
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[Phys. Lett. B 870 (2025) 130892]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/

Signal extraction

[Phys. Lett. B 870 (2025) 130892]

*DNN-score binning optimized for maximal expected significance

Q -
S g2 L ATLAS DPS WHW* i i ¢ Data [DPS W*W*  Other _
" E f5=13TeV, 140 fb° Post-fit O-jet region Ch. flip. Vy B Non-prompt 3
: . BWz /, Uncertainty ]
[ | . '
* Two dedicated DNNs in O— and 1—jet SRs  wp corshee Qo olsno Rl estue Qg gidsnm

* Binned maximume-likelihood fit using DNN

scores in exclusive jet categories

//tDPS W=W= S (; 02 04 06 0 02 04 06 'cl> 02 04 06 'cl) 02 04 06 08
DNN score
Hw=z, 0—jet’ Hw+z, 1 —jet .
o [ ATLAS DPS W*W* ¢ Data [IDPS W*W*  Other
@ 10° E Ys=13TeV, 140 fb Post-fit —l-jet region Ch. flip. Vy B Non-prompt =
= Other backgrounds based on data-driven estimation i N - MWWz 7 Uncertainty '
techniques (Non-prompt, ch. flip) and MC simulation. s tesRee o TetSRoen [ | tjetSRue & 1etSRu
: .. ,
* Good signal-background separation achieved |
10
* Bkg-only hypothesis rejected with observed
> | .
significance of 8.80. | ] i
Observation by CMS confirmed! I i 7 S e s IR | 1 v vy R U R X
DNN score
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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

DPS-enriched region, DNN > 0.5

[Phys. Lett. B 870 (2025) 130892]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/

Systematic uncertainties

Extract fiducial cross-section X branching ratio in phase-space close to

reconstructed event selection

c(W*W*) - B = 4.59 + 0.64 [fb]

Leading uncertainties

Statistical uncertainties of the Data (13%)

Jet Energy Scale and Resolution (3%)

Non-prompt background estimate (2.6%)

[Phys. Lett. B 870 (2025) 130892]

Source c(W=W*).- % Uncertainty [ %]
Experimental 4.7
Electrons 0.4
Muons 0.8
Jets 3.1
EF™ 1.5
Flavor tagging 0.3
Non-prompt leptons 2.6
Charge flip 0.6
Pileup modeling 1.3
Luminosity 0.8
Modeling 1.5
DPS W*W= scale 0.2
DPS W*W* model 0.3
SPS W*W# scale, PDF & ag 0.2
W Z scale, PDF & ag 0.8
W Z normalization 0.1
Other background normalizations 1.1
Model statistical 0.6
Experimental and modeling 5.0
Data statistical 13
Total 14

I UVIc ATLAS September 28, 2026
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/

[Phys. Lett. B 870 (2025) 130892]

Cross-section measurements

ATLAS Vs=13TeV, 140 fb™

UA2 (/s = 630 GeV, 4 jets, 1991) —_—
CDF (/s = 1.8 TeV, 4 jets, 1993) — )
CDF (/s = 1.8 TeV, v + 3 jets, 1997) H=¢-H

DO (/s = 1.96 TeV, v + 3 jets, 2010) =y
LHCb (/s =7 TeV, J/yAL, 2012) =
LHCb (/s =7 TeV, J/yDT, 2012) —HAH

LHCb (/s =7 TeV, J/yDT, 2012) —t4—
LHCb (/s =7 TeV, J/yDO, 2012) i
ATLAS (/s =7 TeV, W+ 2 jets, 2013) H—A—
CMS (y/s =7 TeV, W+ 2 jets, 2014)

DO (/s =1.96 TeV, v + b/c + 2 jets, 2014) —W—i

DO (/s = 1.96 TeV, v + 3 jets, 2014) A

DO (\/s = 1.96 TeV, J/v + J /4, 2014) "

ATLAS (/s =8 TeV, Z + J /1, 2015) -LLLELELTEELED >
LHCb (/s =7 & 8 TeV, Y(1S)D"" T, 2015) W
DO (/s = 1.96 TeV, J/¢ + T, 2016) WV

DO (y/s = 1.96 TeV, 2v + 2 jets, 2016) —
ATLAS (/s =7 TeV, 4 jets, 2016) —tpc—1
ATLAS (/s =8 TeV, J/¢ + J /4, 2017) H=H]

CMS (/s =8 TeV, T + Y, 2017)

LHCDb (/s = 13 TeV, J/v¢ + J /4, 2017) EEEEE o SEEELE <
ATLAS (1/s = 8 TeV, 4 leptons, 2019 jeesssssssssssssaas >
o ILAS = 10.6 = 1.8 [mb] CMS w(g = 13 TeV, 4 jets, 2022) )

eff CMS (/s = 13 TeV, WEWE, 2023)

ATLAS (y/s = 13 TeV, WEW =, 2025) A

0 5 10 15 20 25 30

c(W*W*) - B = 4.59 = 0.64 [fb]

Extrapolate to full phase-space, given computed oy, and oy -
—> EXtract o eff

Experiment (energy, final state, year

G, [Mb]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2022-18/

Summary

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

* First observation of DPS in same-sign WW by ATLAS using
140 fb~! of recorded pp collision data at \/E = 13 TeV

Observed significance: 8.80

* Fiducial cross-section
oc(W*W™*) . B = 4.59 +0.64 [fb]
* Effective cross-section

* Total uncertainty (14%) dominated by statistical
uncertainties of the Data (13%)

Observation of double parton scattering in same-sign W

boson pair production in pp collisions at \/E =13 TeV
with the ATLAS detector

[Phys. Lett. B 870 (2025) 130802]
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[Phys. Lett. B 870 (2025) 130892]

Lepton kinematic variables for DNN training

Description Variable

pr of the leading lepton ptl

pr of the subleading lepton piz
Invariant mass of the dilepton system meg
Pseudorapidity of the dilepton system nee
Difference 1in azimuthal angle between the leading and subleading leptons Adee
Difference 1n pseudorapidity between the leading and subleading leptons |Anee]
Distance AR between the leading and subleading leptons ARpep

Difference in azimuthal angle between the missing transverse momentum and subleading lepton  A¢, pmiss
) EN
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Lepton kinematic variables for DNN training
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.) I | Bl Gl ] ] ] | [ DL L | ] | [l G I ) l | I T G ] I @il ] | L Dl DL I | DL L L =
06— ATLAS Simulation ) =
C 1 - DPS W'W*
- Vs=13TeV, 140 fb PR
[ = SPS WZ 5
0.45 o r
0.3 L. =
= :
0.2]-| -
0.1 ﬁ__l_ﬁ =
0.0—1 g giigii IW
30 40 50 60 70 80 90 100
p [GeV]
| T [N I ) [ Bi—k—i il I. | R L [ | .] | 1 L I | I | L L L ] | L DRl DB | [ 1
0.14- ATLAS Simulation N—
s = 13 TeV, 140 fb™ .
0.12 0-ict SR = SPS W'W*
J = SPS WZ
0.10
0.08

0.06

?

_Il[]lilll]IIIIIIIIIIIIII

lllll'lllllllllIlllllllIlllIl

0.04
0.02F
0.00'-1 YO T YO T O YO TN N T JONT TN T (O | TN TN T O Y N O AT T T O 1O 10| L
0 0.5 1 19 2 2.9 3
A¢

UVIc ATLAS September 28, 2026

EXPERIMENT

UNIVERSITY OF VICTORIA CANADA

José Pretel

15


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

Lepton kinematic variables for DNN training
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Post-fit selected events

I-jet SR

[Phys. Lett. B 870 (2025) 130892]
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(AlD) Kinematic distributions
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(AlD) Kinematic distributions
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