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Measurements of W
and Z Cross Sections




Why W and Z bosons!?

® W and Z boson signals are standard
candles

p The properties are well measured by
previous experiments (also well predicted)

p Calibration of electron, muon, and photon
efficiencies

® Many BSM theories predict particles that
decay toW’s or Z’s
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Summary of SM Cross Section Measurements
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Summary of SM Cross Section Measurements

We always start from W and Z!
2s CMS Preliminary

A

—
< <
w (\)

-8_ 5 - II @ 7 TeV CMS measurement (L <5.0 fb™) .
— {10 E=*: a 2 S @ 8 TeV CMS measurement (L < 19.6 fb'1)1 =

N e 4 @m 13 TeV CMS t(L<35.9fb =
© NS~ R A N Theory predicton ) ]
C“ 104 O :Z'e‘E't()E S R L L Z CMS 95%CL limits at 7, 8 and 13 TeV E__

= n jet(s) . . . ——
O F B 5 5 3
= m— I . . . . . . . . . . . . . . . . . . . . . . . . -
"5' Cl IR : : S S S S S S Lo Co
@10 = B : : S T I S L SRR
N SN FR . : : S S S S SR Lo -

AT B R T
§1O§E§§§m=-é bbb g e b e

o om o 5 Y " S A P S
S . . . = . . . . . . . . al E: . . . . . E: . . . .
0105—515 ® ssssssssﬁsﬁsssssﬁss i i
c  F o g o HEER D0
O qL 5 R B gd Lo L
o I A - B
510 . E A ﬂﬁzsz - : :
O -
S - Z R S S S .
02l iy e T _

TET -

10 . — — T T Tew Trio b ew Tow ow Tew ! T T 1T T 1o T T T 1.1 Nefotodo T T T .1
w 'z 'wy'zy Ww'wz' zz Ew Tew Trroew Tw EW quzqqZZWVyZyy\/Vyy g, Wttty tZq tZ ty MWttt ggH oL VH WH ZH ttH | tH ' HH
EW: Wolv, Zll, I=e,u Th. Ac,, in exp. Ac

All results at: http://cern.ch/go/pNj7 6 |




w+ DECAY MODES Fraction (I';/T")

0.09) %
0.16) %
0.15) %
0.21) %

hadrons

Z DECAY MODES
et e

o
T
aa/a
Invisible
hadrons




Why Are e/J Channels Better

Phys.Rev. D80 (2009) 052011
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Why Are e/J Channels Better

® Hadronic channels have huge

background from the QCD
dijet production

Phys.Rev. D80 (2009) 052011
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Why Are e/J Channels Better

Phys.Rev. D80 (2009) 052011
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Why Are e/J Channels Better

Phys.Rev. D80 (2009) 052011

® Hadronic channels have huge
background from the QCD
dijet production

® Dijet mass resolution about
15-20%

p driven by both jet energy and
angular resolution

p Can’t separate W and Z

® Narrower mass peaks means
larger signal to background
ratio

63

0.06

0.05

0.04

0.03

0.02

0.01

er 4 MeV/c”

20 40 60 80 100 120 140 160 180 200

800
700
600
500
400

Q. 300

Events

200
100

E

e \W/Z Peak (u=87.2 6=12.5)
....... W Peak (u=82.7 6=9.6)
------- Z Peak (u=92.6 6=11.2)

CDF

...I.lllllll |.T' a e TS

Dijet Mass (GeV)

(b)  Misidentified H  + combinatorial

- >

1 1 Y | |
2.20 2.25 2.30 2.35
2
MpKn (GeV/c)




~
S

Discovery of x ?

Phys. Rev. Lett.
106, 171801 (2011)
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Early Di-electron Mass Spectra
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Events / GeV

Early Di-muon Mass Spectra
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Muon and Electron Energy Resolution
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Electron

More about Gaussian Sum Filter Algorithm
® |deally, like a = -

. Ve
photon with a P\ GSF Track [ surface
track $ "

p But energy spreads
in @ due to
tracker material

p Need to add 4-

Extrapolated

Bl‘emCluster\"v -------------
momentum of | track tangents
\

photons back
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http://iopscience.iop.org/article/10.1088/0954-3899/31/9/N01/meta

Electron

X, £ 0, prediction

(Xp / sz) T (Xh / th)
New X = = weighted average

(1/0,)+(1/0y%)

Kalman Filter, figure by D. Stuart
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Electron

More about Gaussian Sum Filter Algorithm
® |deally, like a = -

. Ve
photon with a P\ GSF Track [ surface
track $ "

p But energy spreads
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tracker material

p Need to add 4-

Extrapolated

Bl‘emCluster\"v -------------
momentum of | track tangents
\

photons back

68


http://iopscience.iop.org/article/10.1088/0954-3899/31/9/N01/meta

Background to Electrons of Interest

Drawing from M. Shapiro

Photon Conversions == -
69




Background to Electrons of Interest

® Photons that convert early or overlap of a random
track with a photon

n° and non-interacting ©*

'

Drawing from M. Shapiro

Early showering n*

Photon Conversions

10
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Background to Electrons of Interest

® Photons that convert early or overlap of a random
track with a photon

® Hadrons (early shower, overlap)

n° and non-interacting ©*

'

Drawing from M. Shapiro

Early showering n*

Photon Conversions

10
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Background to Electrons of Interest

® Photons that convert early or overlap of a random
track with a photon

® Hadrons (early shower, overlap)

® Semileptonic decays of hadrons

n° and non-interacting ©*

'

Drawing from M. Shapiro

Early showering n*

Photon Conversions

10
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Electron ID Variables

® Basically the same as photon ID variables, with
addition of tracker-calorimeter matching

p Shower shape
p Isolation

p Require hits in the most inner layer of tracker or
reconstruct conversions explicitly (reduce photon
conversions)
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The Cleanest Object: Muon

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber
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The Cleanest Object: Muon

® High reconstruction (~99%) and identification
efficiency (~95%)

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber
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The Cleanest Object: Muon

® High reconstruction (~99%) and identification
efficiency (~95%)

® Better than 10% pt resolution for muon pr

71



The Cleanest Object: Muon

® High reconstruction (~99%) and identification
efficiency (~95%)

® Better than 10% pt resolution for muon pr
® Backgrounds:

p Decay in flight

p Punch through

p Overlap of random tracks with noise in the muon
chamber
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The Cleanest Object: Muon
n+ DECAY MODES

Tam7y [a]  (99.98770+0.00004) %
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The Cleanest Object: Muon

® High reconstruction (~99%) and identification
efficiency (~95%)

® Better than 10% pT resolution for
® Backgrounds:

p Decay in flight

p Punch through

p Overlap of random tracks with noise in the muon
chamber
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The Cleanest Object: Muon

® High reconstruction (~99%) and identification
efficiency (~95%)

® Better than 10% pt resolution for muon pr
® Backgrounds:

p Decay in flight

p Punch through

p Overlap of random tracks with noise in the muon
chamber
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Muon ID Variables

® [solation
® Minimum amount of energy in calorimeters

® Matching quality between tracker and muon
chamber information

® Track quality
p Number of hits
p Impact parameter

p Fit chi-square
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Event Selection Criteria

o VW
p An electron or a muon candidate

p Remove events with a second isolated leptons
o /
p Two isolated electrons or two isolated muons

® Form transverse mass for VWV, invariant mass for Z

/3



Event Selection Criteria

o VW
p An electron or a muon candidate

p Remove events with a second isolated leptons
o /
p Two isolated electrons or two isolated muons

® Form transverse mass for VWV, invariant mass for Z

mt = \/2 p5 EXSS (1 —cosAg)
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Event Selection Criteria

o VW
p An electron or a muon candidate

p Remove events with a second isolated leptons
o /
p Two isolated electrons or two isolated muons

® Form transverse mass for VWV, invariant mass for Z

mt = \/2 p5 EXSS (1 —cosAg)
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Background Processes

o W o /
p QCD multi-jet events p QCD multi-jet events
p Photon + jet events p Top quark pair, di-

p Drell-Yan production boson production

with one missing lepton

p Leptonic decays of tau-
channel of W and Z
production

p Top quark pair and di-
boson production
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W Candidates (Electron Channel)

® Signal shapes from
simulation

® Background
shapes validated
with simulation
and control data
with inverted
selection

number of events / 2.5 GeV
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W Candidates (Electron Channel)

By

f(ET)ETXGXP( 5

(00 +0187)

® Signal shapes from

simulation

® Background
shapes validated
with simulation
and control data
with inverted
selection
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W Candidates (Muon Channel)

mr = \/2 p5 EXSS (1 —cosAg)
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® Signal and most
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from simulation

o QCD Background
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Z Candidates

CMS CMS
> — T 1 T T T 1 T T > — 1 T T 1 T T ]
8 (a) 29pb? at \s=7TeV | 8 300 (b) 29 pb” at \s=7TeV _
oy 190 -1
S o data 7 —~ o data +
2 i " ] 4@ Z—)u"'u'

I i Z—e’e | C - .

o $ 1 2200 2

® 100 |- 1 9 I -

5 | s i

— D

) - Qo

-CED - 100 - -

S 50_ - ¢ ]

C = ‘ -
0l 100 120
60

M(u™w) [GeV]




Summary of W and Z Cross Sections

CMS 29pb'at \s=7TeV
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Summary of W and Z Cross Sections

CMS 29pb'at \s=7TeV
L L L ettt
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Ratio of Cross Sections

CMS 29pb'at \s=7TeV
L e
NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertainty]
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Ratio of Cross Sections

CMS 29pb'at \s=7TeV
NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertainty]
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Ratio of Cross Sections
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Comparison with Other Measurements
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