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Azimuthal correlations & event shapes in Z+jets (7 TeV)
Z + 1 jet rapidity distributions (7 TeV)
Double parton scattering in W + jets (7 TeV)
Electroweak production of Z + 2 jets

» 7 TeV and 8 TeV

» Signal extraction and cross section measurement

» Studies on hadronic activity, 3rd jet kinematics and radiation
patterns
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Azimuthal correlations & event shapes in Z+jets

» Using 5 fb~! data at \/s =7 TeV ]
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Selection criteria:

p1(jet) > 50 GeV n(j
pr(l) > 20 GeV n(/)
71 GeV < my < 121 GeV




» Using 5 fb~! data at \/s =7 TeV

Azimuthal correlations & event shapes in Z+jets
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Azimuthal correlations & event shapes in Z+jets

Azimuthal angle A®(Z, J1) between the Z boson and the leading jet:

= e S BT TV LES0MY N o 8 LT CUATLL 0L

R ARGy ! ! ! ' T [yl isleey T T T TN ISR
S E g S10°F . pata xo0o | E
s r 3 & [ MaoGRapH jrsn E
Q| --sHERPA 4 Q[ --sHerea FEEEN N2 ]
T | --powHes (Z+1)) i T, [ - pownes (z+1)) o has 22|
BI0°E . pvmvine 22) o 3 B10°E oviime (22) [ LS
e o E s E
= r it N 22 = [ ]
108 . g N E N
Emasgrrnine et 9 E
I e Ny 23| =
1 - E
Breansrast 6 E| 3
e 1 L )
L0 E 10 E 3
Fa ] £y ] ted ]
NI IR BT AR A I i po2bedi e b L L S L

0 . 14 16 1. 22 24 26 28 3
<\ 20z j)lrad] 20z )lrad]

Measurement is in good
agreement with MADGRAPH
prediction

Error bars: statistical uncertainties
Yellow band: sum of statistical and systematic uncertainties




Azimuthal angle A®(Z, J1) between the Z boson and the leading jet:
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Azimuthal correlations & event shapes in Z+jets

Azimuthal angles A®(J;, Jx) among the three leading jets:
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Azimuthal correlations & event shapes in Z+jets
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g&Azimuthal correlations & event shapes in Z+jets
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Z + 1 jet rapidity distributions

v

Using 5 fb~! data at /s =7 TeV J

Zou v ereiminary =7 rev fowe o 5 E j‘r‘c‘ms»‘»renm-nar‘y,fs‘:7‘rev“LW:‘5m" 3 » Data unfolded
501 Z.ll+1jet s E Z- I+ 1jet E
§ ~oma = T 1 » MADGRAPH + PYTHIA with
010 C - Madgraph .
v 008 e MLM matching scheme
O E e <iens 3 > SHERPA + APACIC++
ot a0Gev 004 [t ancev E .
B SR oop F_P>memHi<as E (parton Showermg) +
002 = o0 cov <24 E et >mom s E PYTHIA 6 fragmentation)
ey 0.00 [ & R jey . . .
B et 9 with CKKM matching
EM T T T T T T T T T T E| El,ZD} T T T T T T T T T T T E|
§ " E Mvcrm scateuncertany 35, Mvcrsacumeenany 3 scheme
° MCFM PDF uncertainty E| o E  MCFMPDF uncertainty E|
211 3 sk 3 » MCFM (NLO)
g ER- I
@0 @05
» Good agreement for Y7 and
1.0( 1.00
0.9¢ 0.95 \/'[et
0.9 E 0.90 Shevpastm uncertainty E
08 E 085 E @Madgraphsla\.uncevlam(y E
R el S N B B R R | R el N N N B B B
06707 04 05 05 10 T2 14 15 19 203 06707 04 05 05 10 12 14 16 15 20 27 3¢
v, I¥,|

Selection criteria:
pr(jet) > 30 GeV n(jet) 2
pr () > 20 GeV n(/) |- 1

\') 1
76 GeV my < 106 GeV
ISM 13



Z + 1 jet rapidity distributions
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Double parton scattering in W + 2 jets

» Using 5 fb~! data at \/s =7 TeV
» Double parton scattering investigated in W(— uv) jets events

e

signal background

‘ (—> Roberta’s talk yesterday)

» MADGRAPH + PYTHIA 6
» MADGRAPH + PYTHIA 6 without MPI
> PYTHIA 8

Selection criteria:

pr(jet) > 20 GeV n(jet) |< 2
pr(p) > 35 GeV n(p) |< 2.
F7 > 30 GeV
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Double parton scattering in W + 2 jets

Relative pr imbalance Azimuthal angle between
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g& Electroweak production of Z + 2 jets

v

Results at /s = 7 TeV with 5 fb!
First preliminary results at \/s = 8 TeV with 19.7 fb~?

v

v

Cross section measurement of the pure electroweak production of
Z + 2 jets

» MC based method
» Data driven method using photon control region

v

Measurement of the hadronic activity and kinematics of the 3rd jet

v

Measurement of radiation patterns
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Features of vector boson fusion WW—Z are:

>

Central Z decay associated with energetic forward-backward jets
A large 7 separation between the jets

A large invariant dijet mass

vV VY

Pure EWK process: no color exchange between the tagging quarks
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Electroweak production of Z + 2 jets

bremsstrahlung VBF multi-peripheral

» Many other pure electroweak processes lead to the same 2 leptons
+ 2 jets final state

» Negative interference effects between these diagrams suppress the
VBF contribution

ISMD 2013 15/26



g& Electroweak Z + 2 jets cross section (I)

£20° FClS tej ]t 1 1 | Use shape from
[V5=7TeV,L=50f" . 3

boosted decision tree
to extract signal

7 TeV: Z — pp and Z — ee
8 TeV: Z — up

CMS preliminary, [5=8 TeV, [L=19.7 fb™* i events
T T T T
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pr of the two tagging jets and the Z boson
dijet kinematics: Mj;, A¢ljj, Any, 1 + nj2
A(Z,j2) and D(Z, 1)

y* (only 7 TeV pup)

vVvyVYyYVvyy

quark-gluon likelihood for the tagging jets (only
ee-channel)

Reweight discribution with NLO/LO factors
(using MCFM) as function of Mj; and y*
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Electroweak Z + 2 jets cross section (l1)

Method Il (only at 8 TeV): data driven background estimation using v + 2
jets data
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Electroweak Z + 2 jets cross section

Combination of

» pp channel (method I: MC)
» ee channel (method I: MC)

ot M — 154 + 24 (stat) =+ 46 (syst) =+ 27 (theory) 4 3 (lumi) fb J

NLO prediction from VBFNLO: ok, = 166 fb

[8 TeV preliminary)

Combination of

» pp channel (method I: MC)
» pp channel (method II: data driven)
» ce channel (method Il: data driven)

oEW T — 226 + 26 (stat) =+ 35 (syst) fb )

NLO prediction from VBFNLO: oy, = 239 fb
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M3
& Central hadronic activity

CMS preliminary, Vs=8 TeV, [L=19.7 fb™* CMS preliminary, Vs=8 TeV, (L=19.7 fb™*
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» Use of high-purity tracks associated with the PV, and not associated with the
2 leptons or the 2 jets

» Clustering of these tracks into soft track-jets with anti-kr algorithm

> Selection of track jets between the 2 tagging jets
= e +0.5 <1 < g — 05

>

H7(3): Scalar sum of 3 leading (pr-ordered) soft track jets



Jets falling in the rapidity distance

CMS preliminary, {s=8 TeV, J’ 1=19.7 fb! eelup events, M >1250 GeV/ CMS preliminary, (5=8 Te\/,]’ 1=19.7 fb! eeluy events, M“>1250 GeV
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jets
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3rd jet kinematics

CMS preliminary, (§=8 TeV, [ L=19.7 b ee/up events, M >1250 GeV CMS preliminary, (5=8 TeV, [ L=19.7 fb ee/up events, M >1250 GeV.
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» pr of 3rd jet is in good agreement with MC prediction
» Small disagreement for Zeppenfeld variable of the 3rd jet:
« _ . Yyityp
Yjz = i3 2
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Gap fraction: hadronic veto efficiencies

CMS preliminary, /5= GTEV]'L 19.7 b
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» Compute the central hadronic veto efficiencies using p7(j3) or Hr J
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Radiation patterns in Z+jets events

pr(jet) > 40 GeV

CMS preliminary, Vs=8 TeV, [L=19.7 fb™ CMS preliminary, Vs=8 TeV, [L=19.7 fb™
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Radiation patterns in Z+jets events

jet) > 40 GeV
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MY
g& Vector boson + heavy flavour production

Not covered in this talk: V 4+ HF results using 5 fb~! at 7TeV:

» Z/v* + b and Z/4* + bb cross sections
(J. High Energy Phys. 06 (2012) 126, CMS PAS SMP-13-004)

» W + bb cross section (CMS PAS SMP-12-026)
» W + c differential cross section (CMS PAS SMP-12-002)
» b hadron correlations in Z + bb (CMS PAS EWK-11-015)
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H Summary

» Azimuthal correlations and event shapes are measured in Z + jet events

v

Measurements of the rapidity distributions in Z + 1 jet events

v

A first step towards the extraction of double parton scattering in W + 2
jet events is done

v

Electroweak production of Z + 2 jets:

> In addition to the 7 TeV results, very recent results from the 8 TeV analysis
have been shown

> Cross section measurements in agreement with NLO theory predictions

> Studies on the hadronic activity, 3rd jet kinematics and radiation patterns

v

In general, good agreement between data and simulation

v

In the future, more measurements and 8 TeV results will come

v

All public results at:

> https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
> https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
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Electroweak production of Z + 2
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Features of vector boson fusion WW—Z are:

>

Central Z decay associated with energetic forward-backward jets
A large 1 separation between the jets

A large invariant dijet mass

vV VY

Pure EWK process: no color exchange between the tagging quarks




Electroweak production of Z + 2 jets
CMS preliminary i %wa E CMS preliminary eejj !
s=7TeV,L=51fb" Z [Vs=7Tev,L=501" Eggv;
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Features of vector boson fusion WW—Z are:

>

Central Z decay associated with energetic forward-backward jets
A large 7 separation between the jets

A large invariant dijet mass

vV VY

Pure EWK process: no color exchange between the tagging quarks




Quark-gluon tagger (ee-channel at 7 TeV)

210°g — = 10°g T ™
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A quark-gluon likelihood, built out of 5 variables (old version):
> Major axis of the angular spread (RMS) in the  — ¢ plane
P Minor axis of the angular spread (RMS) in the  — ¢ plane
P Asymmetry of the jet constituents with respect to the center of the jet
P Multiplicity of the jet constituents

P Maximum energy fraction carried by a single constituent

Electroweak signal is more quark-like



& Method Il: use of photon control region

> v + 2 jet events are selected in a similar way as Z + 2 jet events

» Additional pr > 50 GeV cut in the selection as the low pt region
in the photon sample is affected by multijet production and high
trigger prescales

» Reweight photon p1 to match the pt of the Z boson

» Sample splitted in different Mj; categories

» pr(7)/p7(Z) is smoothed to dilute statistical fluctuations

» Reweight each photon to describe ee and pu events seperately

> Electroweak v + 2 jet contribution is substracted from the shape
prediction

» Closure tests show good agreement
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