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Motivation

@ Multijet measurements play a crucial role in our understanding of QCD
and provide insights into various aspects :
e Test of pQCD calculations (LO/NLO/NNLO)
e Parton shower modeling
e Determination of fundamental QCD parameters

o This presentation focuses on recent Multijet measurements in ATLAS :
e Event Shapes in High-pT Multijet Events at 13 TeV, [JHEP01(2021)188]
e Determination of the strong coupling constant from transverse
energy-energy correlations in multijet events at 13 TeV, [JHEP07(2023)085]
e Multijet event isotropies at 13 TeV, [arXiv.2305.16930]
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Event Shapes JHEPO1(2021)188
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@ A set of observables that describe e :
event topology and energy o *
distribution in collider events. ; ,/ /
' S Hight, ) It

@ Thrust, thrust minor, sphericity,
aplanarity

@ Example : Transverse thrust
thrust axis n| to which the projections
of p7 are maximised, 0 <7 <1-2/m
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Event Shapes JHEPO1(2021)188

The transverse sphericity :
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@ Measurement of 6 event shapes also in bins of jet multiplicity and bins of H7»
@ Atlow jet multiplicities, Pythia, Sherpa predict less isotropic events than in data
@ Athigher jet multiplicities, the description is improved while discrepancy in

normalisation is observed.
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Strong coupling from multijet events

Multijet events are vital for both event shape
measurement and precise (as) determination.
as impacts emission rates, like jet multiplicities,
significantly shaping event distributions.

@ EEC = Energy-Energy Correlation. Product of jet
energies, as a function of the opening angle
between each pair of objects.

TEEC = Transverse Energy-Energy Correlation.
Same as EEC, but only in the transverse plane.

@ ATEEC = Asymmetry of Transverse Energy-Energy
Correlation. Compares the forward (cos ¢ > 0)
and backward (cos ¢ < 0)correlations.

Full Run-2 analysis performed using 139 b1

> p1r>60GeV,Inl<2.4, Hro=pr1+pT2>1TeV
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Transverse energy energy correlations JHEP07(2023)085
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@ NNLO pQCD calculations applied for the first time in pp -> jjj process.

@ Significant reduction of theoretical uncertainty
» A factor of 3 in cross sections for both TEEC and ATEEC and in the determination of as

@ Excellent agreement between the data and theory
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Determination of a

Determining of as(Q) from the TEEC and ATEEC
across 10 intervals at NNLO accuracy in pQCD.

@ Values of as(mz) obtained for both the inclusive
and 10 exclusive bins in H7 5 using a )(2 fit
TEEC provides superior experimental precision,

while ATEEC offers better theoretical accuracy

@ Both in good agreement with other
measurements and RGE predictions.

Value of as(mz) from TEEC :

as(mz) = 0.1175 + 0.0006 (exp.) T 0037 (theo.)
Value of as(mz) from ATEEC :
as(mz) = 0.1185 £ 0.0009 (exp.) ™59 (theo.).
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Multijet event isotropies arXiv.2305.16930

JET SHAPE AND ENERGY MOVERS DISTANCE : 0

&

@ Event shapes serve the purpose of investigating

. . 2o ’5\

essential aspects of QCD, refining MC \\1\007 2
simulations, and exploring physics BSM. @ 2

@ Eventisotropies : how far a collider event is from
a symmetric radiation pattern in terms of a
Wasserstein distance metric. PLB

@ The Energy-Mover’s Distance (EMD) is defined as M M
the minimum amount of “work” needed to EMDg(E,8") = mln Z Z fij 9?,
transport one event € into another € of equal =t =t
energy, by a transportation plan f;;, from particlei 0 ;7 : ground measure between particles.
in one event, to particle j in another. M M
D fii=Ej Zﬁj:&-
@ This EMD uses a Wasserstein metric evaluated by w -
solving the Optimal Transport problem

M M
fiy= Y Ei= Y Ej = Eou

= i=1 =1

iMz 5
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Novel event shapes - event isotropies

arXiv.2305.16930

» This study considers 3 event
shapes:

B EMD distance from an
event to a dipole
configuration

B EMD distant from an
event to aring

B EMD distant from an

event to a cylinder.

> They are applied to multijet
(Njets > 2) events with
H72 > 400 GeV.
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Event isotropies (1—/rjng

back-to-back <> isotropic

@ Ring-like event isotropy RSN RARAN RARRE AN IAASRRRARES
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Event isotropies (1— /¢ y/16) arXiv.2305.16930

non-isotropic < isotropic
@ Cylindrical event isotropy
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@ No sensitivity to hadronisation models.

Saad El Farkh (FS.UIT) Jets Physics with ATLAS Experiment 23 October 2023 (ACHEP) 11/13


https://doi.org/10.48550/arXiv.2305.16930

Conclusion

Presented recent multijet studies of the ATLAS Experiment.
New event shapes may provide a handle to improve generators.

The strong coupling constant has been derived from multijet events.

NN

The first use of optimal transport techniques in a collider physics

measurement is demonstrated through multijet event isotropies.

v/ Many more results still to come (Run3)

Sy

ATLAS
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Thank you for your attention!

Any questions?

SATLAS
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The ATLAS detector

25m

LAr hadronic end-cap and
\, forward calorimeters

Toroid magnets  / \l LAr eleciromaognetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor fracker
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Multijet MC configuration

ATL-PHYS-PUB-2019-017

Model Configuration Details :

PS&UE&
“mm Hadr Models ikt

pT-ordered PS
Pythia 8.230 L0 2-2 NNPDF23LO ATLAS A14
Lund model for Had
Powheg+Pythia8 NLO NNPDF30NLO PS: Pythia 8.230 A14 tune
Low pT uncertainties in primarily related to parton

shower effects, while at higher pT in NLO Powheg+Pythia8,
uncertainties encompass parton shower effects, scale, and
PDF variations, assessed using per-event weights.

Hadronisation model impact :

pr-ordered PS (CSS Sherpa)
Sherpa AHADIC model for
Had based on Cluster Fragm

pr-ordered PS (CSS Sherpa)

Sherpa 2.2.5 LO 22 CT14NNLO

The influence of two different hadronization models in
becomes substantial, reaching up to a 45% difference in low
jet mass scenarios.
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Ratio to Pythia

Arbitrary units

Lund / Cluster

ATLAS Simulation Preliminary
fs=13TeV
Pythia 8.230 (SW)
SN Powheg + Pythia 8.230 (SW)
% Powheg + Pythia 8.230 (SW @ )

. .
1000 1500 2000 2500 3000 3500
Leading jet p, [GeV]
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Inclusive jet cross-section ATL-PHYS-PUB-2019-017

Central rapidities Forward rapidities
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10 —— Herwig 7.1.3 (Dipole) 10 —— Herwig 7.1.3 (Dipole) g
Sherpa 2.2.5 (Lund) 1074 Sherpa 2.2.5 (Lund) =

— Sherpa 2.2.5 (AHADIC) —— Sherpa 2.2.5 (AHADIC)
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10°
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@ Observation : NLO Herwig7 with angular-ordered PS best matches data across all
rapidity ranges, closely aligns with data for forward rapidities.

@ PS Model Impact : Minimal differences in data description between Herwig7’s PS
models (angular-ordered vs ).
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Multijet Event Topology ATL-PHYS-PUB-20

Azimuthal decorrelation between leading jets allows to test additional radiation emission :
3rd jets from PS in Pythia8 and Sherpa (at LO 2—2), while in MadGraph+Pythia8 (at LO up to 4p),
Herwig, and Powheg+Pythia8 (at NLO), they result from ME calculations.

§ ATLAS Simulation Preliminary § E ATLAS Simulation Preliminary
§ i ==rynas2s0cw) - § TR L s =13 Tev
2 Pouteg - Fyo538 - 1 g H> 15 TeV
< [ 7% Herwig7.1.3 (Ang. ord) - <0 3
107E -~ Herwig 7.1.3 (Dipole) E| F 3
Sherpa 2.2.5 (Lund) 3 F ]
- Sherpa 2.2.5 (AHADIC) B N ]
10? 3 7
= [ == Pythia 8230 (SW) o
3 A small MG5_aMC + Py8.212
s 4 . a 2L " Pownog + Py, a
10 E A¢=n (pure dijet) (extra jets) 107 Herwig 7.1.3 (Ang. ord.) E
fs=13TeV B F lerwig 7. (.3 (Dipole) =
4 . a 2.2.5 (Lunc
10 H,>15TeV [ -- Sherpa2.2.5 (AHADIC) =
£ 3 MG5_alC + Py8.212 = £ MCs_aMC + Pya.21z . T .
£ ~ Powneg + Py8.230 : Powheg + P8 230 b
g H \ \ \ \ —
g sE - o s e o) Anti-K, R = 0.4 jets with py > 100 GeV, £ s ene E
S ; In| < 2.5 and Hy, = pry +prz > 1.5TeV g s
s SF g pazss
:E LI Semasts i s Sepaazsimdie) -
6 18 2 22 24 26 28 ] 05 1 15 2 25 3
Ae, Aty
] and MadGraph+Pythia8 give a similar description as the one of ,

Powheg+Pythia8 show a much stronger decorrelation.

@ A¢y3 sensitive to the color coherence : Powheg+Pythia8 and Herwig7 with dipole PS
show the larger differences with respect to
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