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Inclusive jet production
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In the phase space accessible with the new data, this measurement

provides a first indication that jet physics is as well understood at
Vs=13 TeV as at smaller centre-of-mass energies.
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Inclusive jet production
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Di-jet production ATLAS - JHEP 05 (2018) 195

ATLAS: 13 TeV double differential xs
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Di-jet production
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...the precise data constrain the PDFs, especially in the
highly boosted regime that probes the highest fractions x

An increased gluon PDF at high x is obtained and the
overall uncertainties of the PDFs, are significantly reduced.

The strong coupling constant s(Mz) is extracted together
with the PDFs in agreement with previous measurements:
as(Mz) = 0.1199 £ 0.0015 (exp)
+0.0002 (mod) T0-000x (par) T0-0030 (scale)

= 0.1199 % 0.0015 (exp) 100030 (theo),

Dominants uncertainty is theoretical, expected to be
reduced using pQCD NNLO predictions
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Jet structure

Jet physics and jet substructure is an area in which experimental and theoretical approaches meet together.
Cross-pollination and collaboration between the two communities

1) Search for new physics (push toward higher mass and reduced x-sec)
2) Standard Model measurements (e.g. in boosted topologies)

A quest for a deeper understanding of jet substructure algorithms has contributed to a renewed interest in all-
order calculations in Quantum Chromodynamics (QCD).

An increasing impact in the study of heavy-ion collisions, or with the exploration of deep-learning techniques.

Technical Disentangle different “kinds” of jets (initiators, boosted, radiation...)

Prong finders - multiple hard cores in the jet reducing the contamination from bg QCD jets:

- QCD jets would be 1-prong objects

- W/Z/H jets would be two-pronged

- boosted top jets would be three-pronged

- an elusive new resonance with a boosted decay into two Higgs bosons, both decaying
to a bb_bar pair would be a 4-prong object, ...

Radiation constraints - exploiting the energy correlation and the colour structure with the
different soft-gluon radiation patterns:

- a softer QCD radiation is expected from a colorless object (an EW-boson jet)
- quark-initiated jets are expected to radiate less soft gluons than gluon-initiated jets

Groomers. Large-radius jets are sensitive to soft backgrounds (such as the UE and pileup) .
“Grooming” tools remove the soft radiation far from the jet axis. Groomers share similarities with
prong finders: removing soft contamination and keeping the hard prongs are closely related.



How?

Heavy particles
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How - observables and substructure approaches
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How - observables and substructure approaches
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Substructures in large-R soft drop boosted jets
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LHA
LHA: provides a measure

of jet broadness

For the W selection, all MC predictions have a peak shifted relative to data, suggesting that the models

are overestimating gluon radiation

Les Houches angularity (LHA) is compared between large-radius jets from data and MC model

predictions.

For the dijet selection, all models except Herwig7 describe the data



Groomed vs unaroomed
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The data are compared to various theoretical predictions:

min(pr1, pr2)

CMS - JHEP 11 (2018) 113
ATLAS - PRL 121, 092001 (2018)
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Di-jet events
pT [900,1000] GeV
pT_lead > 600 GeV

Non perturbative

Fixed-order

+LO prediction slightly off above the splitting threshold (m/pT>0.3), recovered by grooming
+NLO ~same behavior of LO
+4LO and NLO + resumm disagree at very low masses and for m/p:> 0.3



Differential jet cross section vs jet mass
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Jet mass probes high and low energy components of jet

Grooming

1) focus to probe the hard component
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2) decrease the jet mass overall and reduce the sensitivity of the observable to details of the physics
modeling and pileup effects.



Color flow

Jet pull encodes color information
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Color connections affect radiation structure, kinematics (coherence) and topology (reconnection)
Connections are still a poorly constrained effect of QCD and require further experimental input

Potential to: distinguish between event topologies, complement the kinematic properties, help in
the correct assignment of jets to a particular physical process
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The magnitude of the jet-pull vector is poorly modelled in general, with the prediction obtained from
Powheg + Herwig 7 agreeing best with data.

The default SM prediction, Powheg + Pythia 8, agrees poorly with the data. Powheg + Pythia 6 are in
significantly better agreement

A model simulating an exotic flow is used (color-flipped): data favors the SM case over the exotic model
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Vector boson production associated with jets:
Precise tests of perturbative QCD

Sensitive to parton distribution functions (PDFs) in proton: gluon and sea-quarks PDF
presence of jets increases parton momentum fraction (x) and energy scale (Q*) ranges
potential to improve the understanding of PDFs

Important background for the Standard Model processes and for searches of new physics
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Main background from tt

Dominant systematics:
Jet energy scale (1-25%)

Jet energy resolution (1%)
Measured efficiency (1-4%)

Theoretical predictions and model used:

LOMG_aMC

/

NLOMG_aMCFxFXx ——

MC multileg LO ME+PS: MadGraph5_aMC@NLO generator

» kT- MLM merging scheme

» interfaced with PYTHIA8 using NNPDF2.3 (LO) and NNPDF3 (LO)
» up to N = 0..4 jets in the final state

MC multileg NLO ME+PS: MadGraph5_aMC@NLO generator

» FXFX jet merging scheme

» interfaced with PYTHIA8 using NNPDF2.3 (LO) and NNPDF3 (NLO)
» NLO accuracy for N = 0,1,2 partons and LO accuracy for N = 3, 4

NNLO+NNLL: Geneval.0-RC2 MC using PDF4LHC15 (for Z)
» combined with PS and HAD provided by PYTHIAS8

Fixed-order NNLO calculations for V+1jet
» N-jettiness subtraction scheme using CT14
» non perturbative correction from MadGraph5_aMC@NLO+ PYTHIA8



W + jets
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General: fairly good agreement with data
within the uncertainties
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Z + jets
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y + jets

Signal extraction:
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» in two photon rapidity (and two jet rapidity bins - not shown)

» extended the photon ET range up to 1 TeV

1) Agreement with statistical and systematic uncertainties

2) Low to middle range in photon ET: the experimental uncertainties are smaller or comparable to theoretical

uncertainties

3) PDF sets: differences are small and within the theoretical uncertainties estimated with NNPDF3.0
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Di-top search
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NLO Z’.., I'=1% cross—section
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1) Inclusive jet
productions

2) Jet substructure

3) V+jets

4) Some highlights

5) Double Parton
Scattering



Double Parton Scattering CMS-PAS-SMP-18-015

Double parton scattering in a pp collision
- an insight in hadron structure and an irreducible background to searches

Double-parton distribution

dopps

dxsdxpdxydxp = M0l j d*y F(xa, x5, )F (x4, X5, ¥)

\ Dpdf are factorized Fux,Y) = () f(xs)G(y)

G(y) is the transverse Dpdf

Ge) d
°’ Ibps =m-Gf (xa)f (x4) - Gpf (xg)f (xp) - j d*y G(y)

dx,dxgdx,c.xg

dopps . m doq do,

— o 2
dx1dx2dxidx£ Oeff dxldxi dxzdxé Oeff - fd yG(y)

DPS is usually suppressed with respect to a corresponding SPS production

Oeff iS independent on the final state

Oeff IS an insight in the transverse hadron structure, allowing access to:

-+ 3D structure of the proton
+direct measurement of partons correlations



DPS in same sign W pair

AFS, 4 jets, pp, V'S = 63 GeV, (no erors)
UA2, 4 jets, pp, V'S = 630 GeV, (lower limit)

O <f measurment:

CDF, 4 jets, pp, VS = 1.8 TeV

boe CDF, y/n° + 3 jets, pp, Vs = 1.8 TeV

e e Exploiting different topologies arising from correlations in SPS

H—e—t— ATLAS, W+2 jets, pp, VS =7 TeV

F————t&+————1 (MS, W+2 jets, pp, VS = 7 TeV processes

LHCb, J/3pD’, pp VS = 7 TeV

e Several measurement exists from past experiment, LHC and in
e different final state

LHCb, Y'(1S)D°, pp, VS = 7 TeV
LHCb, Y(1S)D", pp, VS =7 TeV

o o Large uncertainty mostly due to model-dependent

LHCb, Y (1S)D°, pp, VS = 8 TeV

" LMD, Y(1)D', pp, V5= 8 TeV extra Ction

==t
et LHCb, Y (18)D*", pp, VS = 8 TeV.
LHCD, Y'(18)D™, pp, V5 = 7&8 TeV
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DPS in same sign W pair

= pll and p%z . A(P(l1 lz) h;vo leptons: ei]}li or uFu*
miss e pit > 25GeV, pl2 > 20GeV
) E - A(p(lll EYT“MSS) 76| < 2.5, |74 <24
(] - P?lss > 15GeV
Mt Ap(lyly,13) Niets < 2 (pr > 30GeV and || < 2.5)
" mT(lll l2) u nl ° nz Nb-taggedjets = O (pT > 25 GeV and |77| < 24)

veto on additional e, y, and 1,

. mT(lpEmlSS) Ny + 132l

MVA based on BDT technique to enhance signal sensitivity

» 2 BDTs trained CMS Preliminary 77 o' (13 TeV)
= WZ background —e— Observed Predictions:
» Fake lepton background Mstat e PYTHIA 8 (CP5)
- Same variables used in both BDTs syst — — Factorization approach
» The BDTs determine a 2D distribution
| : total  stat syst
e 1.96 + 0.74 (+ 0.54 , + 0.51) pb
3 r:“‘-‘ls ,"l u + u : @ ( ) p
= 12 | ;
wutretut HEe—H 1.36 + 0.46 (+ 0.33,+ 0.32) pb
|
Wittt | Hee=H 1.41+0.40 (£ 0.28 , + 0.28) pb
| | | 1 1 ! II | | | 1 1 E| 1 1 | | | 1 ! 1 1 | | | 1 | | l | 1 | | 1
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Summary

0 Several differential cross sections provided by ATLAS and CMS collaborations
Covering different centre-of-mass energies
Many observables are studied and compared to the theoretical predictions

0 Boosted objects play an important role in many ATLAS and CMS analyses
Both experiments established performant default procedures to utilize jet substructure
Searches often re-optimise or adapt techniques
Typical use-cases are di-boson, -top, -higgs resonance searches, plus cascade decays
Increasing importance of boosted objects and substructure techniques with rising mass targets

0 Theoretical calculations reached NNLO precision for V+1jet and NLO for 4/5 jets,
overall good agreement with data

0 Double Parton Scattering is an unavoidable process to take into account for any
search and is expected to play an important role for proton structure understanding

0 Measurements provide valuable input for a better understanding of
Perturbative QCD
SM predictions
PDFs of the proton

0 No evidence of physics beyond the Standard Model at the LHC yet

0 Much to look forward to
Majority of current results use a fraction of recorded Run-2 data
Substructure tools and techniques are continuously refined

CMS @
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