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During the spring of 2010, the LHC delivered proton-proton
collisions with a centre-of-mass energy of 7 TeV. In this note, we
present results of studies of missing transverse energy, as measured
by the CMS detector, in events containing W bosons, Z bosons or
isolated, high transverse momentum photons. The performance of
several different MET reconstruction algorithms is compared.
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Overview

@ Introduction

The CMS Detector

Description of Missing Transverse Energy algorithms

Data Sample Definition and Selection

£+ in Photon + Jet Events

£ + reconstruction in events with a W

Performance of £ reconstruction in events with a Z boson
Comparison of Z and +y results

Effects of muon reconstruction uncertainties on £

£ + significance

Estimating the £, distribution in W — ev events ﬂ




Introduction

Introduction

@ The CMS Detector
e usual stuff
The central feature of the Compact Muon Solenoid (CMS)
apparatus is a superconducting solenoid . . .
@ Description of Missing Transverse Energy algorithms
o Some details and references on Calof 1, type-l, type-l
correction, Tcf + and PfE ;.
@ Data Sample Definition and Selection

o General event selection (good lumi, scraping, cleaning, ...)
e Description of MC simulation
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£+ in Photon + Jet Events

£+ in Photon + Jet Events

o ECAL energy deposit AR < 0.4 < 4.2+ 0.004 x qr.

o HCAL energy deposit AR < 0.4 < 2.2+ 0.001 x gr.

e Ratio HCAL/ECAL AR < 0.15 < 0.05.

o N. tracks AR < 0.4 < 3.

e R9>09 x EY

@ 7 cluster major and minor 2"¢ moments in 0.20 — 0.35,
0.15—-0.3.

® Nyigth < 0.03

gt > 10 and || < 1.479 (Barrel)
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£+ in Photon + Jet Events

CM S preliminary 2010 \Ns =7 TeV
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Figure: Pt spectrum for isolated photon events from data and the
predicted contributions from Monte Carlo simulation of direct photon
production and from dijet production events containing a jet misidentified
as a photon.
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E 1 in Photon + Jet Events
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Figure: Component of recoil parallel to the direction of the photon pr in
photon plus jet event: for CaloMet, pfMet and tcMet: Data vs MC
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E 1 in Photon + Jet Events
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Figure: Ratio between the component of recoil parallel to the direction of

the photon p7 to the photon pr versus the magnitude of photam:gr i
photon plus jet events: for Calof 1, type-l Calo#  and type-ll‘@loEf,
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E 1 in Photon + Jet Events
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Figure: Resolution on the component of the recoil parallel (left) and
perpendicular (right) to the photon after correcting for scale
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E 1 reconstruction in events with a W

E + reconstruction in events with a W

W — ev
e HLT pr(e) > 10GeV
@ Electron id 80% efficiency.

W — uv
@ HLT pr(u) > 9GeV

@ Good quality muon

pr > 25GeV (and pr > 15 GeV o GSF filter + supercluster
for a QCD enriched sample) pr > 25GeV (no looser cut due
to larger gcd backgound)
o |nu] <21

@ Combined relative isolation
z( tracks+ Eecal+ Ehcal)/pT <
0.15

@ No second muon pr > 10 GeV

@ [7e] < 2.5 excluding
1.4442 < |n| < 1.56

@ 77 dependent isolation on ECAL,
HCAL and tracks

@ No second electron pp > 20 GeV

Mr > 50 GeV applied for final selection =)
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E + reconstruction in events with a W
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E + reconstruction in events with a W

Number of events / 10 GeV
Number of events / 10 GeV
5
Number of events / 10 GeV

(a) Type-ll Calof (b) Tck, (c) PFE+

Figure: M distribution in W — pv with tight muon pr cut
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Number of Events / 10GeV

CMS preliminary 2010
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E 1 reconstruction in events with a W
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Performance of £ 1 reconstru

Performance of F + reconstruction in events with a Z
boson

Z — ee
HLT pr(e) > 10 GeV
Electron id 95% efficiency.

Two good electron (GSF filter
+ supercluster) pr > 20 GeV

Z = pp
@ HLT pp(u) > 9GeV

@ Two Good quality muons
pr > 20 GeV

o |n,| <21

ne| < 2.5 excluding
1.4442 < |n| < 1.56

71 dependent isolation on ECAL,
HCAL and tracks

shower shape selection

Mee > 40 GeV applied,fo
selection. INFN§

@ Tracker absolute
z(ptracks) < 3GeV

e M,, > 60GeV applied for final
selection.
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Performance of £ 1 reconstru
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Figure: Magnitude of the hadronic recoil in Z — up candidate events for
CaloMet, pfMet and tcMet: Data vs MC simulation.
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Performance of £ 1 reconstru

CMSpreliminary 2010
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Figure: Component of recoil perpendicular to the direction of g7 in

Z — pp candidate events: for CaloMet, pfMet and tcMet vs MC
simulation
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18 /30



10T

Performance of F r reconstrt
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Performance of £ 1 reconstru
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CaloMet, pfMet and tcMet vs MC simulation

CMS preliminary 2010
T T T

o
~ ® data ® data ® data
S=25[ 1 F 1 F E
v —¥ Pythia6 Z ~ ee Pythia6 Z — ee Pythia6 Z — ee
2 1L i i
Ns=7Tev
15 1k 4 F ILdt:lZ not
f EE RGCEETEEEEEEEEE B SEEPECPPPCEPEEEPPEPP PR } -------------------------
—y— N R—
RS
05+ 7" 1 F 1 F E
0 L L L L L L L L L
0 50 100 150 _ 200 0 50 100 150 _ 200 0 50 100 150 _ 200
N q, [GeV] q, [GeV]

Figure: Ratio between “H/QH versus Q7 in Z — ee candidate bvents:
CaloMet (left), tcMet (center) and pfMet (right) vs MC simulation 20/30



Comparison of Z and -y results

Figure: Comparison of response in photon and Z events for raw CaloMET
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CMS preliminary 2010
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Figure: Comparison of parallel resolution of recoil in photon and Z events
for raw CaloMET (left), tcMET (center) and pfMET (right).
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CMS preliminary 2010
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Figure: Comparison of perpendicular resolution of recoil in photon and Z

events for raw CaloMET (left), tcMET (center) and pfMET (right).
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£ + significance

Build likelihood function for
¥+ compomenent (gaussian

error)

1= 1=
Li(E}) ~ exp (—EET,-TV, 1ET,-)

V; covariance matrix
Significance as the
log-likelihood ratio:

S =2In (ﬁ(g

—»obberved

G20
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Effects of muon reconstruction uncertainties on F

Simulate with present MC a muon distortion and see the effect on
£+ and My for W — pv candidates.

Example with 1-1073 [1/GeV] (3-1073 [GeV]) for 1/pr (pT),
respectively.

Figure: Missing Transverse Energy distribution for W events using
CaloMet (top left), tcMet (top right) and pfMet (bottom). The data are
shown as full dots. The red histograms correspond to the MC
distributions with distortions applied to the muon momentum, in order to
mimic residual tracking misalignments, inaccurate magnetic flelfhﬁ? £0%
inactive material in the simulation. The dashed blue line displal{sthe
distribution using the default reconstruction of the muon momentum. 26 /30
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Estimating the £+ distribution in W — ev events

o u and v, recoil modeled as Gaussian

distributions, means widths functions 3
of pt. £0.045
2 0.04;
@ convolve p¥ (from MC) with the $0.035
parametrized recoil functions to E 0.03;
generate PDFs for the inclusive u 20.025
and v, distributions : 2 002
20015
f(uii p") = (Kp7 i+C)®a(14+Bpr ;) B oot
£0.005¢ :
@ Fit parameters of recoil model with 55557755 60 55100

pure W sample (large £+ ot Mr)

mpt

@ Chech parameters by comparing the
predicted £,
Figure: Expected W £+ Shape

@ Use parameters uncertainties to ..
- P Uncertainties for 0.1 pb~! )
estimate syst on W shape aFN




Z ersatz aka Z morphing. Proof of principle and hard reality.

ooy (GoV) ey

Figure: Comparison of the emulated W — ev £ distribution with the
reconstructed W — ev £ distribution in MC for CaloMet, pfMet and
tcMet as a proof of principle for the estimation.

£ g
H g

P i

[ -

H :

i i

i £ L

cao, e, ek

Figure: Comparison of the emulated W — ev [ distribution with, the..,
reconstructed £ distribution of W — ev selected events in Q.wfb*%;f)f
data for CaloMet, pfMet and tcMet .
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Conclusion

@ Only y+jet has (limited) statistics, few tens of W and handful
of Z.

@ Hard to draw any conclusion.

@ A lot of work from all groups involved in this PAS

Thanks!

@ Need to keep up-to-date with incoming statistcs (when
available .. .)

@ Must be ready to populate all plots with more events as they
arrive.

@ Lot of work ahead of us, still
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