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Motivation for the Angular Distribution

+ Analysis is a measurement of the Z+jet partonic angular distribution (cos0*) decoupled from the
parton distribution functions (» and * signify the variable is in CM frame)

e Can be seen as a measurement of the partonic matrix element weighted by parton luminosity
+ Good test of pQCD; can look for signatures of new physics
+ First measurement of Z+jet angular distribution (as opposed to W+jet or dijet)

* Analogous to y+jet analysis, with the advantage of negligible background

+ CMS allows for a high reach in cos6* (CM energy and rapidity)
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Compact Muon Solenoid
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1
D Bamaey, CERN, Febriuuy 2004

Analysis uses a particle flow algorithm that combines information from all subdetectors to reconstruct stable particles
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PF Jet and Muon Momentum Resolution
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Center of Momentum Kinematics

+ Angular distribution is predicted in CM frame - perform Lorentz boosts on Z° and
jet four-momentum vectors (measured in lab)

e Boosted system = Z° + jet 4-vector (gives boost B-vector)

e Boost the Z° and jet into CM frame and calculate cos0*
e Can also derive CM kinematics explicitly

y=y,+y

E =m,coshy

*

P’ =m,sinhy

mTE\/pi—I—M2

tanhy = 3 cos@
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Datasets

+ Processed LHC collision data taken between May-Nov 2010, corresponding
to Lint ~ 36 pb™! (S =7 TeV)
e Only looking at the Z° muon decay (experimentally clean signature)
+ Using a NLO generator (MadGraph) as pQCD prediction/simulation
 Background is W+jet, ttbar+jet and QCD multijet events

Table 4.1: Simulation datasets used in the analysis, along with kinematic selections
and cross sections. The scale and PDF uncertainties for MADGRAPH samples are

also listed.

Process Generator | Kinematic Selections Cross Section (pb)
Z° + jets MADGRAPH | my > 50 GeV 3048 4 34 £ 128
W= + jets MADGRAPH | — 31314 4+ 407 + 1504
tt + jets MADGRAPH | — 158 £ 19+ 14
boost M
o pro% > 20 GeV, pp > 6
p-enriched QCD PYTHIA 5 GV, ] < 2.5 3.5 x10
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+ Events must pass low pt muon triggers

+ Apply a standard CMS particle
Identification selection criteria*

* Muon pr > 20 GeV
e Jet pt > 20 GeV (Anti-k1, R = 0.5)
e 60 < Myy < 120 GeV

+ Muon relative isolation (R = 0.4), lel < 15% Huon vertex

e “A muon is considered isolated if the

energy in a surrounding hollow cone is . . .
less than 15% of its momentum” ] = Z(PT +E+HESTT)
| =

re

e Removes QCD multijet background pr

Veto value

*using Inclusive W and Z Cross Section [2] muon selections with V+Jet Ratio [3] isolation modifications (see backup slides)
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Candidate Z° and Jet

Distributions
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Corrections and Sources of Uncertainty

+ Trigger momentum thresholds in the lab impose a CM phase space bias
* Will have to limit CM phase space

+ Source of uncertainty
* Only worry about systematics that have an angular dependence

e | argest source is the jet energy scale

- Measured jet energy is different from the true particle energy due to the non-linearity
of calorimeters

- Therefore the jet energy is scaled by a correction factor (with an uncertainty)

- Relative uncertainty of < 4%
+ Other sources (not discussed)
* Muon resolution negligible compared to jet uncertainty
e Jet pr and n resolution is accounted for by unfolding

e Summarized in conclusion slide

Luis Lebolo SESAPS October 2011 10
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do (- cos6) cosf < tanh(1.76) = 0.90
dcosO
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Results and Conclusions
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B T %ndf=7.80/9=087] . | | @B acDMu | : :
S o Probabiyosss | IL36°°pb= _________ 3 +First measurement of Z+jet
s F gw—{_ angular distribution shown
g . with LHC 2010 collision data
® » Good agreement with
pQCD (NLO)
+ Some systematic
uncertainties are limited by
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 . .
coso| MC statistics
o i e Plan to use full 2011 data
S o (~3 fb™") for more precise
. evaluation
Source Relative Value
Theoretical uncertainty (PDF variation) < 5%
Muon energy scale and resolution < 1%
Jet energy scale < 5%
Jet pr and 7 resolution (unfolding) < 4%
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Category Selection Motivation
NDOFpy > 4 Non-collision and

Vertex |zpy| < 15 cm beam-related background
ppy < 2 cm rejection

\ P > 20 GeV

Tuon
2

Acceptance pr > 10 GeV
In.] < 2.1 Muon trigger acceptance
Global Muon & Tracker Muon
Number of Pixel Hits > 0

Muon Number of Silicon Hits > 10 Decay-in-flight,

Quality Number of Muon Hits > 0 punch-through, noise and
Number of Muon Stations > 1 | COSIIC ray rejection
Normalized y? < 10
|dzy| < 0.2 cm

Jet Pt > 20 GeV

Acceptance et] < 2.4 Tracker and muon spectrome-
"ljet ' ter acceptance
I, < 15% QCD background rejection

7, Selection

60 < M, < 120 GeV

7° signal selection

HLT Path | L1 Seed HLT/L1 pr Threshold (GeV)
HLT_Mu9 9/7
HLT _Mull L1 SingleMu? 11/7
HLT _Mul3 13/7
HLT _Mul5 15/ 7
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Post-Selection Z° and Jet Distributions
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Jet energy affects cos0* measurement through the Lorentz boost (lab-to-CM)

JES Uncertainty (%)
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Use uncertainty to smear
jet pr then recalculate
cosO*
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Correcting for Pileup
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+ Following recommendations of JEC aw 4 4 (@~ (PUE)) - A
Carea(pT / /p) T 1 raw
j
group for 42X PT
* Followed JEC Workbook 5 CMS, L=36 pb1 \s=7 TeV
+1In short, I QCD (PFJets) +Np,=1 ]
—v—N =2
* PU subtraction via L1FastJet (jet area 4 +sz=3 —
and energy density calculation “p”) i =Npy=4
* Also using PF charged hadron < 3+ -
] 2.673
subtraction E A e e
- i.e. charged hadrons from o ept T | A -
secondary vertices are removed A —
e See JME-10-011 for details [4]
. UE:1.08 £0.00058 GeV 4
PU: 0.534 + 0.00052 GeV/PU
| I
0 100 200 300
jet P, [GeV]
Luis Lebolo SESAPS October 2011
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Theoretical (PDF) Uncertainties
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+ Idea is to vary sets of PDFs [5]

e Then take the ratios of the new
PDFs w.r.t nominal set

+ Analysis was done for a photon
+Jet cross section

e However, the Z+jet shape is
analogous

+ Correct way to determine errors is
through a Hessian approach

* Hessian inflated by lack of MC
statistics

e Conservative relative
uncertainty of 5%

20



a3

Jet Resolution - Reco vs. Gen v, g
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Jet

dN/dcos6* (Normalized)

Reco / Gen
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Jet Resolution Unfolding (Bayesian) [6] =7 =~ *1%Y

5
i
5
Using RooUnfold
package [7]
o
A
S
5
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System vs CM Rapidity
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Boosted System Rapidity
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