NIVERSITA CMS\
EGLI STUDI DI TRIESTE [—£%

O G

TRIREE
© T’ilgm ®©

Istituto Nazionale di Fisica Nucleare s %

Compact Muon Solenoid

| RECENT RESULTS ON
SINGLE VECTOR
BOSON PLUS JET
PRODUCTION AT CMS

Federico Vazzoler, on behalf of the CMS Collaboration

Incontri di Fisica delle Alte Energie,
Napoli, 09 Aprile 2019.




MOTIVATION

1. Precision measurements of V+jets differential
production cross sections provide rigorous test of the
SM:

- Inputs for constraining PDFs, important to reduce
uncertainties in many relevant cross sections
measurements

2. V+jets measurements compared with Monte Carlo
predictions:

- Improve MC description of experimental data and
higher order theoretical calculations

3. Important background for SM and BSM events (high
boson pr and Nets):

- Single top, tt, VBF, WW scattering, H boson
production, ...

SMP-17-014

SMP-14-020

SMP-14-010



http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-17-014/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-14-020/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-14-010/index.html
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http://cern.ch/go/pNj7

THEORETICAL PREDICTIONS FOR V+jets CROSS SECTIONS

- MadGraph5_aMC@NLO (ME) + PYTHIAS (PS):
- LO: up to 4 partons, kT-MLM matching, NNPDF 3.0 LO PDF, CUETP8M1 PYTHIA tune
- NLO: up to 2 partons, FxFx matching, NNPDF 3.0 NLO PDF, CUETP8M1 PYTHIA tune
- Geneva 1.0-RC2 (ME) + PYTHIAS (PS):
- NNLO DY production + NNLL higher order resummation

- Only for Z+jets processes
- Z/W+1 jet NNLO calculation:

| CT14 PDF (2
- Using MCFM NNPDF 3.0 NNLO (W)

Pileup contribution simulated with additional minimum-bias events superimposed on
primary event

Samples 0j 1] 2] 3j 4 j >4 j
LO MG5_aMC LO LO LO LO LO PS
NLO MG5_aMC NLO NLO NLO LO PS PS
Geneva NLO NLO LO PS PS PS
Z/\W+1 jet @ NNLO - NNLO NLO LO - -




SMP-16-005

Muon:

pr(p) > 25 GeV
In| <24
My > 50 GeV

Jets:
anti-kT (R = 0.4)
pr(j) > 30 GeV

In| <24
AR(jet,u) > 0.4

Number of events

Simulation/Data
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pp collisions @13 TeV, 2.2 fb-1 data (2015)

Detector resolution corrected (unfolding)

Dominant background: tt production (data-driven estimation)
Other backgrounds: MC and data driven (QCD)

Differential cross-section as a function of Niets, jet pt and eta,
jets Hr, angular correlations between muon and jet(s)
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description of measurements
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Dominant background: tt production (data-driven estimation)
Other backgrounds: from MC

Differential cross-section as a function of Z boson pr, jet pr and
eta, transverse momenta balance, jet-Z balance (JZB)
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SMP-16-003

Photon:

E; > 190 GeV

In| < 2.5

H/E < 0.08 (0.05)

150, + 150,
iin < 0.015 (0.045)
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anti-kT (R = 0.4)
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AR(j,1) > 04

BDT distributions
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* pp collisions @13 TeV, 2.26 fb-1 data (2015).

- Correction for detector resolution (unfolding).

Dominant background: QCD multijet production (EM decays of
neutral hadrons).

MVA analysis: photon yield extracted fromm BDT templates of signal
and background (control region).

Measured cross-sections compared to NLO QCD calculations

JETPHOX 1.3.1
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TeV.

Good agreement between data and
theory + new NNLO calculation =
sensitivity to constrain gluon PDF

Cross-sections in agreement with
predictions in all kinematic

regions.
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C Total Uncertainty p, > 26 GeV, In"| < 2.4 w2
Statistical Uncertainty p: > 5 GeV 15 L — CMS, this analysis u?: mvzv
D*(2010) -~ 4+ ABMP16 | | 1 ABMP16nlo ATLAS
C I ATLASepWZ16nnlo
-+ ATLASepWZ16 -
g * CT14 At 1=
Y MMHT14 = INEW!
- A NNPDF 3.0 —h i _
SMP-17-014 ' 05 | 1 (x. 42) = S+
- B NNPDF 3.1 T s S d+ ii
"""""""" L L | L Ll .
: 0O 200 400 600 800 1000 1200 I > P
Muon: o(W+c) [pb] 10 10 P x
pr(u) > 26 GeV
7| < 2.4 pp collisions @13 TeV, 35.7 fbo-1 data (2016)
M > 50 GeV - W+c measurement: probe proton strange quark content
D*(2010): - Dominant background: cc from gluon splitting. Data-driven
pA(D*) > 5 GeV reduction using charge sign of W and D*
T
10 reconstruction Measured cross-section compared to NLO QCD predictions
' (MCFM) using several PDF sets
glﬁ/dent/ﬂcat/czg: ;Inass - Good agreement except for ATLASepW.Z16nnlo: do not support
erence metnoa. hypothesis of enhanced strange quark contribution in proton
sea (ATLAS, dx.doi.org/10.1140/epjc/s10052-017-4911-9)
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SMP-14-020

Leptons:

pr(1) > 30 GeV
In| < 2.1

Jets:

anti-kT (R = 0.4)
CSV b-tagging
pr(j) > 25 GeV
In| <24
AR(jet,]) > 0.4

Data / MC
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pp collisions @8 TeV, 19.8 fb-1 data (2012)

W+2b measurement: probe proton bottom quark content
Leptonic decays (U or €) + 2b jets.

Dominant background: tt production (data-driven estimation)

Measured cross-section compared to LO predictions using
several flavour scheme

Good agreement between data and theory
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SMP-14-010

Leptons:

pr() > 20 GeV

In| <24
M; =91+ 20 GeV

Jets:
anti-kT (R = 0.4)

CSV b-tagging
pr(j) > 30 GeV

In| < 2.4
AR(jet,l) > 0.4

Theory / Data
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/+b measurement: probe proton bottom quark content
Leptonic decays (u or €) + 2b jets

Dominant background: tt production (data-driven estimation)

Measured cross-section compared to LO(NLO) predictions
using several flavour scheme

Good agreement between data and theory
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-14-010/index.html

CONCLUSIONS

1.

CMS has provided a broad range of V+jets measurements
exploiting 8-13 TeV pp collisions at LHC.

. High precision achieved in inclusive and differential cross-

sections using new experimental methods and larger
datasets.

Measurements generally in good agreement with with
predictions (NLO ME calculations, PS models and N(NLO)
fixed-order theoretical calculations).

Future Improvements:

- Trying to go beyond NLO. testing new generations of MC
(DIRE, VINCIA, GENEVA, SHERPA)

- Constrain systematic uncertainties

- Improve unfolding and statistical techniques

SMP-16-015

SMP-17-014

SMP-14-020
SMP-14-010
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THE CMS EXPERIMENT

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?> ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?> ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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THE CMS PARTICLE-FLOW ALGORITHM

Reconstruction and identification: combination of information from the various elements of the
CMS detector:

Energy of photons - ECAL measurement.

Energy of electrons — combination of electron momentum (tracker) + energy of the
corresponding ECAL cluster + sum of all bremsstrahlung photons.

Muon momentum — track curvature in tracker and muon system.

Energy of charged hadrons —+ momentum (tracker) + matching ECAL and HCAL energy
deposits. Correction for response function of the calorimeters to hadronic showers.

Energy of neutral hadrons — corrected ECAL + HCAL energy.
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THE CMS PARTICLE-FLOW ALGORITHM
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