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Key role of W or Z plus jet production at LHC

b
Abundant production of W or Z + jets & clear experimental signature
- g - :
— Test of state-of-the-art pheno predictions: ﬁ splitting t;
fixed-order perturbative QCD (pQCD) and MC simulations W Cavy-gUares
. . q ’\/\/“\/< ‘v q Z [y
— Large & irreducible background to BSM searches or : g
Higgs measurements: crucial for experiments to rely on g
precise models affected by small uncertainties! g
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Challenging new measurements of Z+jets with ATLAS experiment

Several key measurements have been obtained using ATLAS Run 2 pp T S e e e A
collision data at 13 TeV, a relevant past examples: G ATLAS §=13TeV

140 Preliminary
o Farly 7+jets measurements with 3.2 fir’ [EPIC 77 (2017) 361]
—s important for first benchmark of V+jets MC @13 TeV

o first Z+b(b)-jets measurement with 36 fb7 [JHEP 07 (2020) 44]
— probing MC modeling of heavy flavour jets, substantial differences ™ 2o
depending of Flavour Number Scheme of simulation X

y [f

= . Delivered: 156 fb!
120 [ILHC Delivered  Recorded: 147 1

E rod: 147
C [JATLAS Recorded Phvsics: 1391
:— D Good for Physics

60

Total Integrated Luminosit
B 0]
o o
T I T l

[ S r:
-\%N\-\B

w\'\% 3“\‘\53 a0 5\)\‘\<E>\\a“w‘l .\\)\‘\139“

Today’s focus on results accessible thanks to improved reconstruction/full dataset large statistics:

o /+large-radius jet, flavour inclusive and with 2 b-tags, 36 fb [arXiv:2204.12355] NEW!
—s first probe of jet sub-structure in boosted regime, also testing kinematics of close-by b-quarks

e /+high-p; jets in extreme phase-space, with 139 fb [arXiv:2205.025911  NEW!
—s probe of cutting edge MC and pQCD predictions in scarcely explored areas (e.g. collinear Z-jet)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-01/
https://link.springer.com/article/10.1007/JHEP07(2020)044?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200711
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-37/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-49/

[ plus a large-radius jet and identification of bb final state

Investigating Z production in association with: high-p., boosted, coloured object, w/ or w/o 2 b-jets

q
[— Il (I=e/mu) selection: efficient for online/offline identification,

final state with low background from other SM processes

WY

Large Jet (J) reconstruction and double-b-tagging:
o “J" definition: Anti-k, AR=1.0 & trimming AR=0.2 subjets if p,<0.05 p,(J) — suppress PU, UE
o Boosted object phase space definition: p,(J) > 200 GeV , || < 2

o Double b-tagging: 2 small track-jets (Anti-k, AR=0.2) matched to ] and passing a b-hadron MVA selection

(MV2¢10) with eff, ~10%, eff ~14%, eﬁ“gm~0.8% (on tt simulation)
Signal MC estimate and syst. using ME+PS matched/merged simulations:

Sherpa 2.2.1: with ME 0-2p NLO + 3-4p LO MG5_aMC+Py8: with ME 0-4p LO (CKKW-L)



/ +J:sample composition and correction to partic

1 . Inclusi 2-t:
Analysis of selected data: R a
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Correction at particle level: using Fully Bayesian Unfolding method [arXiv1201.4612]:

—s Likelihood of data ¢ given signals o, nuisances A
— Use pdf priors: flat for signal, Gauss for sys. nuisances
— Compute posterior by MCMC sampling from pdf(o, A)

L(d|o,A) =

luminosity

p

[I
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zi(o, A) = L(A)x (bj(A)+M;5(A) o)

background

N

response matrix .


https://arxiv.org/abs/1201.4612

Uncertainty [%]

/ +J:measurement in flavour-inclusive phase-space
Differential measurements in flavour-inclusive boosted phase-space focusing on large-R jets

Main uncertainty: Predlctlons test of new Sherpa 2. 2 10 and MGaMC+Py8 NLO (FxFx)
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/ +J :results in the double b-jet tagged region

Differential measurements in double b-tagged boosted phase-space focusing on bb subjets
Main uncertainties: Predictions test also include 4 vs 5 Flavour Number Scheme MCs
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/ + high-p . jets in extreme phase-space with full Run 2 dataset

Also here, investigating Z production in association with high p_jets, but full 13 TeV dataset of 139 f!
follows to pin down precisely areas of the phase-space challenging to model for QCD predictions

Selection: Z— I (1%e/y) plus > 1 jet (Anti-k AR=0.4), p.»100 GeV W ?_<
Inclusive analysis further divided in multiple measurements: ™ EEEE ™y |  BEmmags
o High-p;: presence of p,(jet,) > 500 GeV m C vv
o Collinear: High-p, + AR(Z,closest-jet) < 1.4 we Gnar P 1%
e Back-to-back: High-p, + AR(Zclosest-jet) > 2.0 f(_ )
o High-S: ie.large jet activity with S.= > pr'> 600 GeV .
jets
Sizable SM background at high p. originates from ¢¢ contamination: g S
= data-driven estimate with ey to reduce top modeling uncertainties E 0_';\1“#4#1%%&@?'\\ e




£+ high-p, jets : reco, unfolding, systematic uncertainties
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— Newest Sherpa v2.2.11 (0-2p NLO + 3-5p LO) developed for ATLAS
full Run 2 analyses and towards Run 3 [arXiv:2112.09588] used for
nominal signal modeling and correction to particle level

—s [terative unfolding (standard) method with 2 iterations
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https://arxiv.org/abs/2112.09588

/ + high-pjets : Comparison with theoretical predictions

Theoretical predictions:
State-of-the-art NLO ME+PS QCD (sh2.2.11
includes also NLO EW) and pQCD in NNLO:

SHERPA v.2.2.11 0-2p NLO, 3-5p LO
MGS5_aMC+Py8 FxFx 0-3p NLO
SHERPA v.2.2.1 0-2p NLO, 3-4p LO
MG5_aMC+Py8 CKKWL 0-4p LO
NNLOser@NNLO 1p NNLO
NNLOseTr@NLO Ip NLO

— Data cross section always more precise
than predictions!

— [-point scale uncertainties show relevant
variations between predictions
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Ip,, leading jet p., N-jets: key variables in pQCD predictions but also crucial for searches/measurements

/ + high-pjets : inclusive and high-p. results

because correct modeling with MC simulation allows to place selection cuts with reduced uncertainties
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/ + high-p_jets : results in collinear & back-to-back phase- space

Study of r,, variable interesting in back-to-back and collinear regions: 7, = _ Pre
! PT closest-jet
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Summary and conclusions

V+jets extreme phase-space became accessible thanks to improved reconstruction techniques and to
the large stat. of full LHC Run 2 = crucial for benchmarking QCD predictions, test of MC modeling,
and relevant for BSM searches or new Higgs measurements

Presented two new results comparing extreme phase-space data to state-of-the-art predictions:

o /+large-radius jet, flavour inclusive and with 2 b-tags [arXiv:2204.12355]

o /+high-p, jets in extreme phase-space with full Run 2 dataset [STDM-2018-49]

Good agreement with data within (still large) uncertainties in boosted regime, while agreement is
excellent in collinear and back-to-back topologies when comparing to new NLO ME+PS
matched/merged status and to NNLO predictions

Results have been already partially used to test next generation of ATLAS V+jets MC simulation
[arXiv:2112.09588], e.g. Sherpa 2.2.11 (0-2p NLO +3-5 LO) and MGaMC FxFx (0-3p NLO)

13
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ATLAS Calorimetry B8 Acicoiin

ATLAS Detector =

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

Pixel detector \

LAr electromagnetic calorimeters

T4
/

Toroid magnetfs
Solenoid magnet | Transition radiation tracker

Semiconductor fracker |dentification of heavy-hadrons (m,~4.2
GeV) decay at O(100 zm) w.r.t. primary
vertex (PV) improved with new Run 2
pixel detector (IBL) very close to beamline

.y |

Muon chambers
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Fraction of jets / 0.05
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b-jet identification performance evaluated on MC
but crucial to calibrate it with reference candles

in Data = inaccuracy in detector description or

QCD simulation of b/¢/light-jets

Example of ¢£ events used for the extraction of the
efficiency correction ( EPJC 79(2019)970)

e Tracking & jet information
condensed using multivariate
(MV) algorithms for separation of
b-jets vs different flavour jets - ¢

b-jet tagging efficiency
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Jet |dent|f|cat|0n Selection and Efficiency Calibration

Jet axis

Decay length Lxy
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Secondary vertex
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lterative Unfolding with Bayesian methqdw

1
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Response matrix accounts for 3 a0l STAS Simuston 0.9
. . . . . = [ Response matrix
migrations using MC simulation: T Geenos o e
% 1200;2/7*(—> W) +>1jet - 0.7
‘© 1000 ‘s=13TeV 0.6
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& i 04
6001

Conditional probability that the effect | _.'.. o
R, is produced by the cause T, soobugf 0.1

200 400 600 800 100012001400 1600 °
Detector level H; [GeV]
How to extract “prediction-unbiased” probability using iterative

Bayesian unfolding:
» Bayes theorem:
M(TIR) = M(R|T) Py(T,) / Sum M(R]T) P(T)
- Particle level MC used as initial prior, P (T), to determine a first estimate of
the unfolded data distribution:
T, =Sum M(T, | R )R,

* |n each further iteration the estimator of the unfolded distribution from
previous iteration is used as a new prior 17



[+>1 b-jet and Z+>2 b-jets inclusive cross-section: Results

T T T I T | T T T
ATLAS ATLAS
(5=13 TeV, 35.6 fb” (s=13 TeV, 35.6 fb”
Z(=ll) + > 1 b-jet Z(-ll) + > 2 b-jets
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v MGaMC+Py8 5FNS (NLO) v MGaMC+Py8 5FNS (NLO)
A O Sherpa Zbb 4FNS (NLO) A O Sherpa Zbb 4FNS (NLO)
O Sherpa Fusing 4FNS+5FNS (NLO) O Sherpa Fusing 4FNS+5FNS (NLO)
9 A Alpgen+Py6 4FNS (LO) A Alpgen+Py6 4FNS (LO)
¢ Alpgen+Py6 (rew. NNPDF3.0lo) ¢ Alpgen+Py6 (rew. NNPDF3.0lo)
& MlGaMCTPyB 5I|:NS (L(l)) e MGlaMC+Py8 ?FNS (LO) |
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6 8 10 12 14 16 18 20 22 24 05 1 1.5 2 2.5 3 3.5

6(Z + 21 b-jet) [pb] 6(Z + = 2 b-jets) [pb]

e AFS largely undershoots Z#>7 b-jets cross-section in all configuration
e /+>7 b-jets uncertainties still too large to favour any of the more recent predictions
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Dlﬁerentlal Cross- sectlen measurements in resolved Z+h(b)
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Modelling and computational improvements to the simulation of single
vector-boson plus jet processes for the ATLAS experiment [arXiv:2112.09588]
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