
Determination of
Electroweak
Parameters
Seminar ’Particle Physics at the LHC’

Freiburg, 27.05.2014
Albert-Ludwigs-Universität Freiburg

Ralf Gugel



Introduction

Template
Method

Mass of the W
Boson

Mass of the top
Quark

Test of the
Standard
Model

Contents

Introduction

Template Method

Mass of the W Boson

Mass of the top Quark

Test of the Standard Model

2/41



Introduction

Template
Method

Mass of the W
Boson

Mass of the top
Quark

Test of the
Standard
Model

Introduction

▸ el.weak interaction: unification of electromagnetism
(γ) and weak interaction (Fermi / V-A theory / W±)

▸ structure: SU(2)L ×U(1)Y (fields: W1,W2,W3,B)
▸ predicts additional particle (Z0) → first evidence in

bubble chamber at CERN (ν̄µe− scattering, 1973)
▸ discovery of Higgs boson (→ mH) allows for

constistency check.
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Introduction

▸ experimental fact: mZ well known (LEP),
mZ = 91 188 ± 2 MeV [3]

▸ relations in el. weak theory (Born level):

e = gsin θW = g′ cos θW , mW = mZ cos θW ,

GF =
√

2g2

8mW
2 , α = e2

4π
, mH = v

√
2λ =

√
8λmW

g

⇒ 4 independent parameters
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Introduction

▸ additional relations by higher orders:

→ contributions to mW : ∼ (mu −md)2 and ∼ log mH/mW

respectively.
▸ significant contribution from mt

▸ additional contributions from new particles (SUSY)
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Template Method

create simulations (distributions) for multiple values of
physics parameter m in observable d (pT ,mT ,Emiss

T , ...)
⇓

interpolate between samples with continuous function
(fitting, determine arbitrary parameters pj), axis: m,d

f (m,d,pj)
⇓

fit function to data with fixed pj, determine m
f (m,d,pj)
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Mass of the W Boson

▸ main production channel: qq̄′ →W + X (X=hadr.
recoil, gluon ISR)

▸ decay channel for measurement: W → `ν, ` = e, µ
(low background, BR ≈ 22%)

▸ mW measurement via kinematic distributions
▸ so far: only Tevatron results (

√
s = 1.96 TeV,

∼ 2 − 5 fb−1, pp̄)
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Mass of the W Boson - Variables

frequently used variables:
▸ transverse momentum p`T = p` ⋅ cos θ
▸ transverse mass (for W → eν):

mT =
√

2pe
TpνT(1 − cos ∆φ)

▸ missing transverse momentum / energy:

pmiss
T = Emiss

T =
RRRRRRRRRRR
∑

i∈event
p⃗i

T

RRRRRRRRRRR
= pνT
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Mass of the W Boson @ D0 (2012)

▸ Z boson mass for calibration of el.mag.-calorimeter
and hard.-calorimeter, only W → eν for measurement

▸ el.mag.-calorimeter: Emeas = αEtrue +β → fit of mee, Ee,
φee for Z → ee events

▸ hadr.-cal.: use projection of p⃗ee
T + u⃗T (uT = E-deposits

w/o pee
T ) onto axis e⃗`1 + e⃗`2

10/41



Introduction

Template
Method

Mass of the W
Boson

Mass of the top
Quark

Test of the
Standard
Model

Mass of the W Boson @ D0 (2012)

▸ event requirements: high pe
T ,E

miss
T > 25 GeV, small

(hadronic) recoil (< 15 GeV), mT ∈ (50,200) GeV
▸ template method with d = mT ,pe

T ,E
miss
T

▸ combined result: mW = 80.367 ± 0.013 ± 0.022 GeV [1]
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Mass of the W Bosons @ D0 (2012)
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Mass of the W Boson @ CDF (2013)

▸ momentum scale calibration: J/ψ,Υ→ µµ , compair
simulation + data

▸ energy scale: use E/p peak in Z → ee (SE extracted
through likelihood fit)

▸ W → eν and W → µν used, same kinematic variables
as D0
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Mass of the W Boson @ CDF (2013)

result: mW = 80.387 ± 0.012 ± 0.015 GeV [2] (2.2 fb−1)
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Mass of the W Boson @ Tevatron
(2013)

▸ combination→ account for correlations (collider,
simulation software, calibration method,...)
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Mass of the top Quark

▸ decay mainly via t → bW
▸ analysis channels (t̄t): di lep (WW → `ν`′ν′, BR =

4%), lep+jets (WW → `νqq̄′, BR = 29%), all jets (BR =
45 %)

▸ event selection via b-tagging, ATLAS: neural-net
using topology of t decay (efficiency: ∼ 70% of b-jets,
∼ 1/130 light quark jets)
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Mass of the top Quark (Dileptonic, AT-
LAS)

▸

√
s = 7 TeV, 4.7 fb−1

▸ requirements: = 2 b-tagged jets, high Emiss
T , = 2 op.

charge leptons, ≥ 2 central jets with pT > 25 GeV
▸ main backgrounds: single t via Wt production,

Z → `+`−

▸ strict selection → background is small
▸ method: template method
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Mass of the top Quark (Dileptonic, AT-
LAS)

kinematic variable m`b:
▸ two possible combintions of ` + b per event
▸ two invariant masses per combination → calculate

average
▸ m`b is the lower avg. inv. mass
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Mass of the top Quark (Dileptonic, AT-
LAS)
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Mass of the top Quark (Dileptonic, AT-
LAS)
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Mass of the top Quark (Dileptonic, AT-
LAS)
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Mass of the top Quark (lep+jets, AT-
LAS)

▸

√
s = 7 TeV, 1.04 fb−1

▸ requirements: 2 b-jets, ≥ 4 central jets with
pT > 25 GeV, = 1 lepton, Emiss

T > 20 GeV
▸ most precise channel, advantages compared to

dilep full reconstruction (only 1 ν)
all jets easier matching

▸ two subanalyses
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Mass of the top Quark (lep+jets, AT-
LAS): 1d

1d-analysis:
▸ variable (for t → bW, W → had):

R32 ≡
mreco

top

mreco
W

→ cancellation of uncertainties
▸ selection of jets via kinematic likelihood fit
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Mass of the top Quark (lep+jets, AT-
LAS): 1d

24/41



Introduction

Template
Method

Mass of the W
Boson

Mass of the top
Quark

Test of the
Standard
Model

Mass of the top Quark (lep+jets, AT-
LAS): 2d

2d-analysis:
▸ fitting probability density functions in (mreco

top ,m
reco
W )

plane to data
▸ use known mW and ΓW for mreco

top reconstruction
▸ free fit parameters: mt, JSF,nbkg→ "in situ jet scaling"
⇒ shifting syst. → stat. uncertainty
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Mass of the top Quark (lep+jets, AT-
LAS)

results:
mt,1d = 174.4 ± 0.9 ± 2.5 GeV, mt,2d = 174.5 ± 0.6 ± 2.3 GeV [5]

stat. correlation 1d↔ 2d : < 50% (different jet triplet
selection + mtop estimator)
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Mass of the top Quark (Combination)

consistent results:
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Test of the Standard Model

▸ mW and mt give constraints on mH before summer
2012:
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Test of the Standard Model

and after:

shifted focus: prediction of mH → testing consistency of
SM → σmw is limiting!
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Test of the Standard Model - new
physics?

for light (mH = 125.6 GeV) CP even Higgs boson (MSSM:
5 Higgs bosons)

→ σmw is limiting!
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Summary

▸ W-mass: 80385 ± 15 MeV (syst. limited!)
▸ top-mass: 173340 ± 760 MeV (syst. limited!)
▸ standard model compatible with measurements

(p ≈ 8%)
▸ exclusions/hints on new physics limited by mW

precision
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The End

Thanks for your attention!

Questions? Remarks?
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top-Mass (∆mt,̄t)

▸ CPT invariance requires ∆m = mt −mt̄ = 0
▸ ATLAS:

√
s = 7 TeV,4.7 fb−1, template method,

variable
∆fit

m = q` ⋅ (mfit
b`ν −mfit

bjj)

→ cancellation of systematic uncertainties. Result:
∆m = 0.67 ± 0.61 ± 0.41 [8]

▸ other results (from [8]):
▸ CDF: ∆m = 3.3 ± 1.4 ± 1.0 GeV
▸ D0 : ∆m = 0.8 ± 1.8 ± 0.5 GeV
▸ CMS: ∆m = −0.44 ± 0.46 ± 0.27 GeV

▸ ⇒ compatible with ∆m = 0
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