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W and Z bosons were discovered through their
production in pp collisions in the SppS collider and the

UA1 detector at CERN in 1983
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 After their discovery, detailed studies of their properties
have significantly contributed to the establishment of the
Standard Model
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W and Z production cross sections have been

measured in pp or5p_rp collisions at several centre of
mass energies (0.5TeV, 0.63TeV, 1.96TeV, 7TeV)

» Cross-section measurement provides a test of perturbative QCD
and parton distribution functions (PDFs)

 But also the possibility of a precise but Ik .
indirect way to measure the W width

through the measurement of the ratio of W /Z/ :
pp

and Z production |

PP a)
O- w >< Br ( W — lv) O-W FZ F W — lV 0" 2_ /imNNLo,FEWZanuMSTwoaPDFs 5
O-ZXBF(ZHZI) O-Z FZ_)ZZ@ 0.5 1 2 Coui5der7Er11(;rgy[%|9€V]

CDF W and Z measurements are sensitive to '~ at 2% level
c.f. Combination of all direct measurements gives similar result

J. Phys. G: Nucl. Part. Phys. 34, 2457 (2007), Particle Data Group
Nikolaos Rompotis

JHEP01(2011)080
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W and Z bosons are very important in hadron collider
experiments:

* their leptonic decays provide signatures that are easy to identify
W—oev, W-ouv, £Z—ee, Z—-uu
« W decays is the most abundant source of prompt leptons and

real missing transverse energy (MET)

» \CIJV éve around 5000 “good” high-pT electrons or muons per pb™ in

« Z decays are easy to identify with very high efficiency and low

backgrounds: handle to access very pure lepton samples
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 Number of important tasks in hadron collider
experiments are based on W and Z understanding
» Lepton and MET commissioning
« Energy scale determination (Z pole)
« ECAL/Muon system Inter-calibration (Z pole)
« Candle for precise luminosity measurement

. M.c.).reover, the understanding of their production and
decay is essential in other SM or beyond SM studies

« WH+jets, Z+jets: very important background for top-quark
measurements and SUSY searches

» Top-quark studies (t—Wb)
* Higgs (H-WW, H—-Z2)

Nikolaos Rompotis Research Seminar University of loannina 16 February 2011 /



Imperial College
London

g

 The measurement presented here uses proton-proton
collision data at 7TeV centre-of-mass energy delivered
by the Large Hadron Collider (LHC) and recorded by the
Compact Muon Solenoid (CMS) detector

Luminosity delivered by the LHC with proton-proton collisions at 7TeV and
recorded by CMS in 2010 — this measurement uses the first 3 pb™
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 CMS is a general-purpose detector designed to
measure particles from LHC collisions

Superconducting Solenoid

Corﬁpact Muon Solenoid

n=—In tan(0/2)

Basic features:

Large solenoid magnet that
encloses inner tracking and
calorimetry systems

All-silicon tracker |n|<2.5

Homogeneous crystal
electromagnetic calorimeter
(ECAL) |n[<3.0

Drift chambers for muons |n|<2.4

Hermetic calorimetric coverage
(up to |n|<6.5 including the very forward
calorimeters)
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« CMS ECAL is a homogeneous
lead tungstate crystal calorimeter

 Designed to fit in the very compact
CMS design

« Good energy resolution
(stochastic term ~3%/VE)

« Coverage: |n|<3.0
but tracking coverage only till [n|<2.5
* Muon system: T

+ 3 types of drift chambers Y BN TONE
stationed in i+
the magnet yoke

« Coverage: |n|<2.4
but trigger coverage
till [n]<2.1

Endcap muon stations 8 Barrel drift tube stations
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* Electrons: not as simple as you may think!

Electron Candidate Object:
track matched to an electromagnetic shower

Sources of Electron Background

Charged hadron - 7t overlap:

matched in space with a photon shower from Ji 2 (i
md electron N g A
Tracker \\ﬁ 5 ! i

Charged Hadrons showering early
In ECAL, Charge eXChange 3 Electrormagnetic 8.
+ }i I ' Calorimeter
(m*'n—yp) ]
. Hadran
Electrons from conversions Calorimeter

or from heavy flavor quark decays
(real electrons)
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* Electrons: not as simple as you may think!

Electron Candidate Object:
track matched to an electromagnetic shower

Electron Identification Handles:

\ |solation ﬁijn tracker, ECAL, HCAL)

Sources of Electron Background

ﬁharged hadron - t° overlap:

- - Shower shape: width and length
tched th a photon shower f , >y

o0 1 SPACE IR A PROTOR STOWSTIOM 1 ¥ Track-ECAL cluster matching in n-
Charged Hadrons showering early P Space
in ECAL, Charge exchange : C .
(m"n—yp) . Conversion rejection:
Electrons fromlcemvarsions) | Hits In the innermost tracker layers
or from heavy[ﬂmﬁecays Search for a conversion partner

Qeal electrons) / track
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* Muons are easier :)

Muon Candidate Object:
matched tracks in the inner tracker
and the muon system
* There are some backgrounds for high-pT muons:
» Semi-leptonic quark decays
» Light meson decays in flight
» Long hadronic showers (punch-through)
» Cosmic muons

muon

Easy to suppress by demanding low activity in
the calorimeters, good track quality and a
small impact parameter
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W—-ev Candidate

W—puv Candidate
;| CMS Experiment at LHC, CERN CMS ] CMS Experiment at LHC, CERN .
CMS, Il run 133874, Event 21466935 i un 133875, Event 1228162
il Lumi section: 301 jf Lumi section: 16 i s
ki

Electron pr=35.6 GeV/c Muon py = 38.7 GeV/c "
ME; = 36.9 GeV
My =71.1 GeV/c2

ME; = 37.9 GeV

Nikolaos Rompotis Research Seminar University of loannina 16 February 2011

14



Imperial College
London

. Signal extraction/
bkg removal

— Integrated IUminOSity

Acceptance of kinematic cuts Efficiency of selection criteria

In this seminar | will try to give a comprehensive overview of the
measurement in the electron channels and discuss a little bit
about the muon measurement too

Dataset in use corresponds to 3pb™
Measurement also described in JHEP01(2011)080
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* Luminosity is proportional to the mean number of
interactions per LHC bunch crossing

 This is proportional to the occupancy of the individual towers in
the Hadronic Forward calorimeter

« Absolute normalization of the luminosity for this measurement is
given via direct beam parameter measurements:
Van der Meer (VdM) Scans

The uncertainty in the beam current measurement in the
VdM scans (10%) dominates the luminosity measurement
uncertainty (11% in total)

Integrated Luminosity Result for this dataset:

| Ldt=2.88+0.32 pb”"

See S. Van der Meer, ISR-PO/68-31, June 18®", 1968
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« Estimated using simulation
* Definition:

_ simulated events with lepton (s ) reconstructed with E ;> 20 GeV in detector acceptance

all simulated events

 Baseline generator is POWHEG and PDF choice is CTEQG6.6
* Uncertainties:

» PDF choice: < 1.2%, other effects: ~1.5%

» Energy scale effects are treated using signal extraction

JHEP 11(2010)074
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* W—ev events are characterized by a high-pT electron
(>20GeV/c) and high MET (>20GeV)

« But using only these properties are not enough to select

a W sample
TSRS ) PR .
_jg 120- Hlewket % Dlewke T | Strategy.
o o . Apply tight selection
oo [ : . criteria in the electron
o . candidate of the event to
.o B - obtain a purer sample
% 20 40 €0 80 T0C B T — 80 __1;)(_):
MET [GeV] ET [GeV]

Single reconstructed electron sample with electron ET>20GeV

Nikolaos Rompotis Research Seminar University of loannina 16 February 2011 18



Imperial College
London

 The electron selection will be based on cuts on a set of
variables based on properties that were previously
discussed

* Selection tuning is done with an Iterative Technique that has
been proved to maximize the bkg rejection for a glven signal
efficiency and simultaneously has a number of advantages over
traditional methods

» More details in back-up, full documentation in this link:
http://cdsweb.cern.ch/record/1327625

e The method has been used to derive electron selections
with simulated samples

« Data-driven selections are also possible
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« When data became available the simulation was found

to describe adequately the detector response to
electrons and their backgrounds

» Apart from a misalignment between the tracker and the ECAL

endcaps /

- —_—r T 5 F \ ™
S ol [racemmnt B, S [Lacamt S0,
2 Mewkstt . 5 A
‘:.ED'OZ-""“““""“\“"\"" Ema_ u 3: . NN
< 0.0155 " ENDCAPS
0_012 _¢_+H D SIMULATION é 102 é 102 |
0.0055 g s i
E . 10 10
o: —= : C
.o.ooszF +f++ _+_+ S0z o1 o o1 02 ' 01 02 03 Yitad . 07
-0.01: + : in T” "' Telectron
0015 § Example of distributions of electron identification
PP PO FUVUR DUUTE FOUUR PUUE TN variables in data and simulation
0
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* Due to the observed agreement the simulation-driven

selections were used” WPS80 selection
@107
W—ev: 7
one electron with pT>20 GeV/c 10°

passing WP80 selection

Z —ee: e
2 electrons with pT>20 GeV/c '

gassing WP80 selection
0<M_< 120 GeV

* although data-driven selections with the same method were also available

Nikolaos Rompotis Research Seminar University of loannina 16 February 2011 21



Imperial College
London

“2

 Electron selection efficiency is measured from data

using a pure electron sample from Z decays (Tag-and-
Probe)

« One well identified electron tags the event and a second
electron (probe) is used to estimate the efficiency

» Efficiency is estimated by a template fit of the tag-probe invariant
mass spectrum for the tag+(probe passing selection) and the
tag+(probe failing selection)

250 |-

700 *
B0 f

E # )

\\

200
L 50

Number of Events
Number of Events

150; 402

100 30F

i 20f}
50|

10 =l
[

o ‘ : , ‘ ‘ ‘ J pot b b
80 V{ M, [Ge\/lc12]2 0 %o 80 100 N [GeV/cli?O
Example Fits: e

probes are reconstructed electrons that pass or fail WWP80 selection
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* The tag-and-probe efficiencies are biased due to

Kinematic differences
* For Ws the differences are large

€y - Ergp (%)

To allow for these kinematic .
differences the measured efficiency is
corrected using simulation:

_ Ene
€ sele— €1p DAT4
€rp MmcC

Electron selection efficiency is estimated

(including electron reconstruction + trigger efficiencies)

n/E. rescaled efficiency - :

6p

Z—ee and W—ev MC

—o— T&P

------ T&Pw:7-8
T&Pw:10-10

-4 T&PwW:13-15

—— T&Pw:20-20

A

2|

«~ Nominal from Ze

60 65 70 75 80 85 90 95 100

Efficiency from W sample (%)

€y =720 + 28 % €, ..=562 = 33 %
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 The electron selection eliminates the bkg in Z studies,
however, in the W case the bkg is considerable

 Different methods to extract the

. > L
Slgnal &1400: } S00P0. I:I\?VA—I):V
= B ElEwk+tt
8 1200 M jets
(%% n ET>20GeV |
800+ P g VVI 80”-selection
“Template”-based: “Extrapolation”-based: 6o0o-
Estimate signal and Extrapolate bkg to signal 400
bkg shapes and region from a bkg-rich region
extract the signal from 200
a fit DO PRDG1 2000 072001, e, ,
& ) PRL9 2005)091803, % 60 80  10C
e.g. this study MS-PAS-EWK- 09 004 GeV]
this study (as a cross- cheok) MET distribution o

candidate events
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« What it is all about:

» Estimate somehow the MET shape of the components of the W
candidate sample

« Perform a fit to the data to extract the number of signal events

NfDATA(MET):Njetfjet(MET)+NWfW(MET)

\

Many options on howto \
construct templates yd \\
\|

Data-driven: s Data-driven:

using a selection that rejects signal using Zee events

Ansatz-based: Simulation-based:

assuming a priori a functional form needs corrections for possible differences

in MET resolution between data-MC
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« What it is all about:

» Estimate somehow the MET shape of the components of the W
candidate sample

« Perform a fit to the data to extract the number of signal events

NfDATA(MET):Njetfjet(MET)+NWfW(MET)

Many options on how to

construct templates

Data-driven: Data-driven:

using a selection that rejects signal using Zee events

Ansatz-based: Simulation-based:

assuming a priori a functional form needs corrections for possible differences
in MET resolution between data-MC

Selected templates for the final result
(the other methods used as a cross-check when lumi allows)
Nikolaos Rompotis Research Seminar University of loannina 16 February 2011 26
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« Jet “template™
physics-motivated Rayleigh function ansatz
 Fake MET will appear like a Rayleigh distribution

« Here we have used a slightly modified Rayleigh function to allow
for non-gaussian tails

CMS 2010 \s=7TeV

||||||||||||||||||||||||

—_
)]
T
|

fraction of eve$/<5 GeV [%]
S
I
33 =
S
1 /
L : “ :

xr?

2(0p + o17)?

Rf‘.’:‘!(m; gop, O-l) = &L CXP { o

);

Data-driven . ]
(points) “Rayleigh

S ]

0 10 20 30 40 50

E; [GeV]

Most important systematic due to the high-MET tail
contributes at about 1.3%
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14 b} . . . 51400 [ La ;2‘339" | D\?\Lﬁ‘\ev
« W "Template” from simulation is a challenge ..
* MET resolution is not described correctly & —
in simulation \ ~ N\
* |t is possible to derive a correction from data ol
that is parameterized in terms of boson pT 2°‘;
et - model from data the components of U in bins of
Z—ee boson pT assuming gaussian behavior

» correct the Wev simulation

Systematic uncertainty from this method: 1.8%

—
| e ] 9U1 in a given p__ bin _
8 % § o
o 8 T ™
27 P o« <U1>(pTZ)
MET g a 5 a0
a -40F
- - - - 3 -S0r
_ _ 2 -60F
U= (ET,eI—I—ET,eZ) MET 7 o —t—
0 0O 10 20 30 40 50 60 70 80 90 100

B0 50 -40 30 20 -0 0 10
U, (GeV) for 15.1 GeV >Z_ > 13.4 GeV

Example recoil fits on Z data
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« Excellent agreement of the

' electron ET>20GeV
templates with the data S Besing “WP80” selection
x10° I Icpns‘zojo
E I 29pb’ @ Ns=7TeV |
o
Ql s data ]
..g - W ev
% — ;E:trsmtt .
Number of signal events from the fit: g
O |
N=11895+115 =
(statistical uncertainty only)
40 | 6‘0 ~
. [GeV]
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* Using a very tight selection in the 2 electrons eliminates
the already small backgrounds

 Signal is estimated by simple counting of the events that are in
the invariant mass range 60-120 Ge

 Correction for the (tiny) backgrounds

CMs

from data-driven methods, e.g. S T
» Opposite sign/same sign events N

» Template method S ool 1

 Total bkg 2.81£0.4 events 5 ‘

- Signal events: 677 events g 1 |

M R + |

- A T

Demonstration of the concept of the ~ « ..., M(e'e) [GeV]
template method ] HIL
105‘”451'”0‘2” 03 04 usifﬁos .{.j.' 1
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* Muon channels: almost same methodology as the
electron channels
e W—pv
* Lower bkgs allow the use of a much looser selection (w.r.t. the
electron channel)
» signal efficiency (tag-and-probe) 82.8+1.0% 108 cms
« Signal extraction with a template | (b)  29ph"at \E=7Tev |
fit at the W transverse mass
» Data-driven jet template
» Simulation-driven W template

—

o
L
1

number of events / 4 GeV

0 20 40 60 80 100 120
M; [GeV]
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* Zopp
» Loose selection improves the statistics
(w.r.t Z—ee)

« Signal and efficiencies are extracted with a
simultaneous template fit

* Very small bkgs (<1%)

CMS
T T T T T T

I (b) 29pb” at \s5=7TeV |

(93]

o

o
|

i data
[ [ Z-pw

number of events / 2 GeV
=
|

%0 80 100 120
M(uw) [GeV]
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+ Total systematic uncertainty (excluding luminosity)
« W channels:~5-6% (c.f. stat:~1%)
« Z channels:~2-6% (c.f. stat:~4%)

« The dominant uncertainty is from the efficiency
measurement

* Most of this error is statistical in nature. The same holds for
many of the other errors

» Expect significant improvement if the measurement is repeated with
a larger dataset

Source Woev | Wopu|Z—ete |Z—putpu
Lepton reconstruction & identification 3.9 1.5 5.9 0.5
Momentum scale & resolution 2.0 0.3 0.6 0.2
K. scale & resolution 1.8 0.4 n/a n/a
Background subtraction/modeling 1.3 2.0 0.1 02&¢1.0
PDF uncertainty for acceptance 0.8 1.1 1.1 1.2
Other theoretical uncertainties 1.3 1.4 1.3 1.6
Total 5.1 3.1 6.2 2.3
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» Excellent agreement with theoretical expectations

el —
cms 29pb™at NE=7TeV CcMS . . . . 2.9 Ipb at \'s '.7 TeV
! ' ' ! ' ' ' L LA L L L B
- NNLO, FEWZ+MSTWO8 prediction, 60-120 GeV
NNLO, FEWZ+MSTWO08 prediction o o -
[with PDF4LHC 68% CL uncertainty] [with PDFALHC 68% CL uncertainty]
10.44 = 0.52 nb 0.87 + 0.04 nb
W —ev b—fo—1 Z—ee =t
10.04 = 010, = 0.52_ = 110, nb 0.96+0.04,,+ 006, +0.11,,nb
W —uv HeH Z->pp et
9.92+0.09,,,+ 0.31_,+1.09,, . nb 0.92+0.03,,,+0.02_ +0.10,,,, nb
W — Iv (combined) HeH Z — Il (combined) H-oH
9.95+0.07 = 0.28 = 1.09,, . nb 0.93+0.03,,, + 0.02, ., +0.10,,,, nb
P S E U E S RS M RS S , . | | r |
0 2 4 6 8 10 12 0 0.2 0.4 0.6 0.8 1 1.2
o(pp = WX) x B(W—1Iv) [nb] o(pp—=ZX)xB(Z— 1) [nb]

« Combined electron+muon result for the ratio

o, Br(W—-lv)
o,Br(Z—1l)

—10.64+0.40 Sensitive to FW at about 4% level!
(c.f. 2% all direct measurements combined)

Nikolaos Rompotis Research Seminar University of loannina 16 February 2011 34



Imperial College
London

It is expected that the systematic uncertainty will be
reduced significantly with larger samples

« Efficiency uncertainty is of statistical nature

» Limited number of Z events affects both systematic and statistical
uncertainty in efficiency

e Larger samples
» will enable the test of different methods for signal extraction, e.g.

= Data-driven jet template for electrons
= Extrapolation methods

» give more insight into the systematics of the methods that were
previously described

A measurement of the cross sections with the full
2010 proton-proton dataset (~35pb-1) is ongoing
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« Data-driven jet “templates” have been used as a Cross-
check of the 3pb-1 result-fully studied with 35pb™

 Defined by a selection that re réects signal: invert track-ECAL
cluster matching cuts (An and A@)

. Assumptlon the inverted cuts are uncorrelated with MET
» And this is not quite true: possible to derive a correction with more

—— data. R
» This is the major source of systematic 812 DATA
uncertainty of this method 1000

5 B EWK+T —
? ]
c
o
>

i I jets ]
800 I Ldt=288 pb™

35pb™ | With 3pb™ the result using
this jet template is in i ,
agreement with the 400 ;
I1=<a23(/)/le|gh template” within 200 :

o

1

00 20

: o I'"Imlu SOET[éDeOV]
wesi s \With 35pb™ the uncertainty with this method is
PRELIMINARY 0.6% (c.f. current value 1.3%)
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« Based on 2 uncorrelated
variables w.r.t. the jets

fail selection I
Extrapolate the jet shape

E
selgction
Assuming / i
#Q=number of jet events):

D = QDI Qc = fA = QAI QB \<B\Q

fD'fA Simulation: METcut MET
™, Jetsvs jet “template” Thi L : _
i IS assumption is approximate:
. possible to derive a correction from
- T, data
R0 SV This method with ~35pb can give a
MET p(é;eV) combined uncertainty in the03|gnal
PRELIMINARY extraction of less than 1.5%
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AW template can be derived using Z events and
removing the one lepton to emulate the neutrino
* But not that simple: corrections are needed
» Different W/Z kinematics
» Different neutrino acceptance, calorimeter readout, ...

==L I e e

¥ i j_ * Ersatz _:

L | A N e MLy S A R R L I . SR L PR SL) | FH L i ] . _— AR BE R
.
[P.I'.Id:— ‘ ) y o o
E W—ev MC . C i e e
0.03— — 0.08— %
0.02— P 002

Arbi
Arbitrary Units

e vl B

I I

aa 1 -
0 0 10 20 30 40 50 80 70 20 50 100
PHF, (GeV) E, (GeV)

b

.01

- PP IR PN PR ..
% 10 20 30 40 50 60 70

Demonstration in Simulation Example with 30pb™" — comparison
with the simulation driven template
PRELIMINARY P
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CMS preliminary 2011
T T T e T

Vs =7 TeV
=l e

< 600[- ]
(O] Ldt=36pb' ;
2 500;— f ’ -+ Data —
E 4001 DMC
CMS preliminary 2010 Vs=7TeV CMS preliminary 2010 \s=7TeV 5
% ; ' ; ' % L L R Lﬁ ]
(Lg det=36pb" 315000; det:&pr" i :]8_,
QUM | o PR - datm €
§2] B Ewk = I S 2 h
§10000 - acp “%:10000 h EWK:{; 8 = B 1
— t 100 110 120
g 3 [ Mg [GeV]
-g 5000 5 5000- CMS preliminary 2010 \s =7 TeV
& | | % 4 [Let=s6pb’
0 20 405060 80 100 % 20 40 60 80 St Bz ]
MET [GeV]
Z. [GeV] : ‘ ]
Target for precision: . 1
T for the ratio: 2% | | 1‘ '
T for the individual cross sections: error ) ]
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Nikolaos Rompotis Research Seminar University of loannina 16 February 2011 39



Imperial College
London

« W and Z production studies |
have shown the excellent status in CMS of
« ECAL, inner tracker and muon system performance

 Electron/Muon trigger, reconstruction and identification
« MET performance

« Simulation accuracy and detector understanding
have lead to the establishment/validation of techniques

useful to other studies

* Lepton selections/efficiencies have been used in many other
CMS measurements and searches for new physics

In short they prepare the way towards discoveries!
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* Many thanks to all the members of the CMS “Vector
Boson Task Force” and especially to Georgios
Daskalakis, Chris Seez, Jim Virdee, David Futyan,
David Wardrope,....

and to you for your attention!!!
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Back-up slides
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%1200:— . DATA  ~
— C CIW—oev
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VdM scans: based on a trick invented by Van der Meer:
Record relative interaction rate as a function of

! X
transverse beam separation \ o

We have to assume shapes for the beam proton 7 "z
density shape and measure the

beam current intensity Va

This is done with a current transformer which measures
the field that the beam produces

v * =
Vot
2 See S. Van der Meer, ISR-PO/68-31, June 18", 1968
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“2

 The electron selection will be based on cuts on a set of
variables based on properties that were previously
discussed path followed by the

- Selection tuning is done with an Iterative technique
Iterative Technique that has been |

proved to maximize the bkg 2 VA
rejection for a given signal efficiency S N
starting from a signal and a bkg sample : ‘/FAJ.
|
1.define a target in bkg rejection that is slightly higher : -
than the current one : rj
2.find which single cut can achieve this bkg rejection 4 7 ]
target with the highest sig?nal efficiency : é%A )
3.change this single cut only to obtain a new selection 2 = \
4.iterate i ]
iterative algorithm concept /% T2 4 e 8 1o
illustration for a 2 cut case . ot the al ,tﬁutA
http://cdsweb.cern.ch/record/1327625 ’?rlioegncg acgg\r/gximaate © algorithm
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L L L By

* The algorithm internal

S/B

parameters have to be | N
chosen appropriately in N ] SR !
order to achieve the 6/ : o ]
optimal performance P \ ] 4 ]
O o5 b6 07 08 08 T 05 08 07 oe 0s i
Initial Conditions Step convergence
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 Validation of the algorithm using simulation
* Signal from W—ev; Bkg from jets+EWK bkgs to W—ev

: : Moving the cut on a single variable
using electrons with ET>30GeV (here ECAL isolation in gEB)

Comparison with the Randomnly generated points, seeded by
Genetic Algorithm Tuning working points that the iterative produces

7"‘i 1]
e \Iterativeﬁ

5 ~ Genetic
N z

S/B
S/B

3f

2

074 076 078 0.8 082 0.84 0.86
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« Data-driven definitions of signal/bkg samples are also
possible from a single electron (ET>20GeV) sample:

* Bkg: MET < 20GeV » Signal: 3 different ways
» MET > 30GeV

» MET > 30GeV plus jet veto
» electrons from Zee

210°
“w‘g, loose conv. rejection
N s 10° =
= 5 Tight conversion rejection
i . 2 EiPi
Tuning example & [~ 0.9pb!
oL \Y with real data! : S
I —=— MET Driven ;‘! 1 % e
riven % = \\ \\
A w i -
e ‘ =
1 ‘ ‘ L.— VVVVVV _:S' XS\"\'_‘
05 06 07 08 09 1 0L —— ’ SRS
Esignal E ——— MET Driven Signal with Jet v = = i
Example of MC test of the [ s
data-driven sample definitions
90 100

50 60 70 80
Efficiency from T&P (Data) (%)
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| Source | Wh—ev | W —ev | Wh—uv | W —uv | Source | Z—eter | Z—putu |
QCD-HO and ISR | -1.30%=£0.09 | -0.78%=+0.10 | -1.39%=+0.09 | -1.17%=+0.14 QCD-HO and ISR +0.6% +0.6%
QCD-a; scaling 0.23%40.22 | 0.37%=40.32 | 0.23%=£0.22 | 0.37%=£0.32 QCD-a; scaling +1.1% +1.1%
FSR 0.08%=0.17 | 0.07%=£0.19 | 0.11%=£0.12 | 0.01%=£0.17 FSR -0.03%=£0.21 | 0.38%=£0.24
EWK 0.07%=0.13 | 0.21%=40.19 | -0.02%+0.12 | 0.26%=+0.17 EWK -0.51%=£0.22 | -1.02%+0.24
Total 1.33% 0.90% 1.42% 1.26% Total 1.34% 1.58%

Differences between W+ and W- due to the difference pseudorapidity
distributions of the decay leptons: different x distributions between quark

and antiquarks/valence-sea quarks difference
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