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Overview

« Study of associlated production of vector bosons
and jets (V+jets) excellent test of QCD predictions.

March 2019 CMS Preliminary
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' ' m 7 TeV CMS measuremen t(L<5.0fb"
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Theory prediction
Z Z Z CMS 95%CL limits at 7, 8 and 13 TeV
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All results at: http://cern.ch/go/pNj7z =211\t fdutalwiin W=iv, 21, 1=e

* Electroweak-initiated V+jets (VBF W/Z) processes
important probe of VBF processes.
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Outline

Differential (QCD) V+jets: W-ets:
* Stringent tests of perturbative QCD, Phys. Rev. D 96 (2017) 072005

Monte Carlo simulations.

 Important background for many SM and
BSM measurements/searches
— crucial to measure with high

Z+jets:
Eur. Phys. J. C 78 (2018) 965

precision.
Electroweak (EW) V+jets: VBF Z:
» Critical background for VBF Higgs Eur. Phys. . C 78 (2018) 589
searéhes/ measurements.. VBE W-
* Precision probe of modeling of VBF arXiv:1903.04040,
processes. submitted to EPJC

 Test of soft QCD rapidity gap modeling.

e Constraints on anomalous trilinear
gauge couplings.
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http://dx.doi.org/10.1103/PhysRevD.96.072005
http://dx.doi.org/10.1140/epjc/s10052-018-6373-0
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* Compared to predictions: LO(<4j) and NLO(=<2j) MadGraph5_aMC@NLO;
Iterative d’Agostini  NNLO for one jet

unfolding - Measured : excl./incl. jet multiplicities, jet pr, jet n, and Hr up to = 3 jets
- Good agreement with predictions, but overall LO MadGraph5_aMC@NLO
slightly underestimates data on the low-pr observables

Phys. Rev. D 96 (2017) 072005
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Iterative d’Agostini

unfolding * Compared to predictions: LO(<4j) and NLO(=2j) MadGraph5_aMC@NLO; NNLO + NNLL
GENEVA; NNLO fixed order for one jet
- Measured : jet multiplicities, pt(Z2), prbalance, jet pr, jet n, and Hr up to > 3 jets
- Good agreement with predictions with NLO, significant discrepancies with LO for leading jet
kinematics. NNLL’: + NNLOo does not describe well pr balance (sensitive to additional jets).

Eur. Phys. ]. C 78 (2018) 965
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EW Z+jets

Signal defined as: ¢(jj final state with m(jj) VBE Z signal

> 120 GeV, pr(j) > 25 GeV, m(t() > 50 GeV.

o, (EW£¢jj) = 54317 (QCD scale) + 22 (PDF) fb ‘

Event selection:

Two OS e/u: pr > 30 (20) GeV, |n| < 2.4,

|lm(eL) -m(Z)| < 15 GeV

At least two jets with pr > 50 (30) GeV, |n| <4.7
M(jj) > 200 GeV

Drell-Yan background
dominant background.

Interference between
signal and DY background
(~3% 1mpact), generated
with MG5_amc.

Eur. Phys. ]. C 78 (2018) 589
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BDT trained to
separate S from B.

S/BG separation :

- m(J)), &An(Q))

- qgl(1st/2ndjets)

* pr(J))
. R(pThard), Z*ll
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* Binned maximum-likelihood fit to BDT score.

« Measurement dominated by systematic
uncertainties.

 Primarily jet energy scale and signal theory uncertainties.

 In good agreement with LO prediction within
uncertainties.

Z—ee

| o(EWCC)) = 554 £ 34 (stat.) £ 70 (syst.) ib

10% precision

Z—pp
| o(EWC))) = 540 £ 23 (stat.) £ 56 (syst.) 1b

combined:

o(EWZZ])) =552 = 19 (star.) £ 55 (syst.) tb

o, (EW ¢¢jj) = 5437 (QCD scale) + 22 (PDF) fb

Eur. Phys. ]. C 78 (2018) 589
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e Signal-enriched sample
selected with BDT > 0.92
= S/B ~ 1.

e Study additional hadronic
activity in region between
VBEF jets.

- duppressed for EW VBF signal.

pr> 15 GeV jets in the gap
(first bin are events with no
additional jets).

* Use track-only “soft activity”
jets (pileup-resistant) to
probe lower in pr (bottom
TOW).

Eur. Phys. ]. C 78 (2018) 589

Consider additional jets with

PYTHIA
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« Consider fraction of events
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Signal defined as: (vjj final state with m(j))
>

EW W+jets

VBF W signal
120 GeV, pr(j) > 25 GeV

o, o(EW £ujj) = 6.81700° (QCD scale) + 0.26 (PDF) pb \

Event selection:

One e (p) with pr > 30 (25) GeV, |n| <2.4

P > 40 (20) GeV, mp(W) > 40 GeV

At least two jets with pr > 50 (30) GeV, |n| <4.7
m(jj) > 200 GeV, R(pr) < 0.2

u d

QCD W+jets background

QCD W+jets dominant
background, but significant

contributions as well from top
and QCD multijet.

Interference between signal
and W+jets background
(~3% 1mpact), generated with
MG5 amec. arXiv:1903.04040, submitted to EPJC

Stephane Cooperstein EPS-HEP 2019 12/07/2019 11
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Factor ~10 more statistics than VBF Z.

Measurement entirely systematics-
dominated.

In good agreement with LO prediction
within uncertainties.

W—ev

| o(EWvjj) = 6.22 £0.12 (stat.) £ 0.74 (syst.) pb

W—pv

'L o(EW Cvjj) = 6.27 = 0.19 (stat.) = 0.80 (syst.) pb

combined:

' o(EW Cujj) = 6.23 £ 0.12 (stat.) = 0.61 (syst.) pb

o1 o(EW £ujj) = 6.811)0° (QCD scale) + 0.26 (PDF) pb

arXiv:1903.04040, submitted to EPJC
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- Require BDT > 0.95 to
achieve 5/B ~ 1.

- Consider same set of gap

activity observables as in
VBF Z.

- Higher statistics with respect
to VBF Z allows probing
more granularly at low pr.

Consistent with VBF Z:
data prefer signal model
with HERWIG PS at low
gap activity.
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Anomalous trilinear gauge
couplings (aTGC’s) can be
constrained via
measurement of diboson

and VBF W/Z production.

* Particularly in high-energy
tails of kinematic distributions.

6y = CVXZWWWWWWK, * Consider experimentally
clean pr(Z2) and pr(¢)

distributions to limit

6, = %(Dﬂq,y B, (D"®) systematic uncertainties.

C
Oy = %(D”CD)TWW(D”(D),

Stephane Cooperstein EPS-HEP 2019 12/07/2019 14



Constraints on aTGC'’s
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Summary

« Extensive unifolded measurements of jet
kinematics for W/Z+jets performed at 13 TeV.

* Generally good agreement between data and
NLO predictions.

 Measurements of electroweak-initiated (VBF)
W/Z processes at 13 TeV.
* Cross sections measured with 10% precision.

* Quantitive measure of modeling of VBF
processes 1n region with high VBF purity.

* Most stringent constraints to date on some
anomalous trilinear gauge couplings.

Stephane Cooperstein EPS-HEP 2019 12/07/2019 16
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Additional VMIaterial
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Signal-enriched sample
selected with BDT > 0.95
= S/B ~ 1.

Study additional hadronic
activity in region between
VBEF jets.

- duppressed for EW VBF signal.

Consider additional jets with
pr> 15 GeV jets in the gap
(first bin are events with no
additional jets).

Use track-only “soft activity”
jets (pileup-resistant) to
probe lower in pr (bottom
TOW).

arXiv:1903.04040, submitted to EPJC
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- Require BDT < 0.95 to

deplete signal.

- Simulation models well the
background throughout
the full spectrum of the

observables.

arXiv:1903.04040, submitted to EPJC
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