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The Global Electroweak
Fit in the light of the new
results from the LHC
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Some facts about Mainz

= Mainz is small town, but capital of

Rhineland-Palatinate n Ao [l 'ia

JI’T"m gggg
\ o LT

= Next to the river Rhine (with some
quite nice castles)

= 20 Minutes from Frankfurt
International Airport

= Founded by romans 2K years ago

= The cathedral is only 1000 years
old (and burnt down several times)

= Time-Magazine’s man of the
millennium:

= Johannes Gutenberg, who
invented the printing press in
Mainz
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Johannes Gutenberg University

= Founded in 1477 and reopened
by the French occupation forces
in 1946

= 37.000 students for all subjects
(bachelor, master, PhD)

= (German cluster of excellence
PRISMA for fundamental physics

= (Own electron accelerator MAMI and
research reactor

= 60 physics professors and

research groups: LHC, IceCube,
Xenon, SOX, NA62, JUNO, ALPS,
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Summary of the

" The electroweak sector of the
Standard Model has five
parameters

" Qg Ge My, My SiNZ0,
= (+ my for the scalar sector)

= However, they are not
independent, but related by
theory
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Radiative

Corrections

" Tree-level not sufficient
" The impact of corrections
stored in EW form factors

= The relation between SM
parameters appear with
quadratic dependence on my,,
logarithmic dependence on M,

= |dea of electroweak fits
= Measure many different
observables
m (Calculate the relations
between all observables
" Probe the consistency of the
SM / Predict observables

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)
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Input to the Electroweak Fit

el»"‘repamd using LEP EWWG Plots from 1996 Prepared using LEP EWWG Plots from 1997

6 (g T ing LEP EWWG Pl o 2008 6
= F —— Central Fit R —— Central Fit w F wOF
< X [ Theory Uncertainty < [ Theory Uncertainty < . < f
51 5 5! 5r
N E Direct Exclusion ;| N

/ —— Central Fit (®) =0.02750)
© [[_] Theory Uncertainty

L2~ Central Fit (cf5),=0.02750
.:l Theory Uncertainty

'," {"] Direct Exclusion 1:— 7 [ Direct Exclusion
r /i === Fitwith o) =0.02749 N -=== Fitwith o) =0.02749
0 obb NP, 1 Ftipd. oy Odeta , | ot g, o Fiind:ow Gdats |, |
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
my [GeV] my [GeV] my [GeV] my [GeV]

= Success of the Fit: Amazing ® Main inputs to the gobal electroweak fit

predictions! " LEP: Z boson observables
" Top-Quark mass before its ® Tevatron: W boson mass, top quark mass
discovery = | HC (today’s focus)
* Higgs-Boson mass before " Higgs boson mass
its discovery and the " Top quark mass
funding argument for the = Electroweak mixing angle
LHC = W boson mass
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Why is the fit still

interesting”?
= So far a “simple” thing: test W hY, HO, A% H*
consistency of the SM Wt O
= Current p-value = 0.24 Wivm AR SR
W= S w* w*
ho, HO

= But electroweak precision
measurements are sensitive to
several new physics scenarios,
e.g. SUSY g v
= Radiative correction depends &
on mass splitting (Am?)
between squarks in SU(2)
doublet
" Precision on my, could
significantly limit the allowed

Inspired by [S. Heinemeyer et. al. arXiv:1311.1663]
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Higgs Boson Mass

19.7 b (8 TeV) + 5.1 b’ (7 TeV)
T IIIIIIII T IIIIIII| ]

g T T T T ”7;_{_;;1:! 777777777777777 - * - —‘ .
~ [~ N 1509.076¢
< | CMS ¢ ] ATLAS H— 22" — 4
Al L 4 —e— Observed ls=7TeV,451b'
~s 1E 3 --.-- Expected s=8TeV, 2031 H> 2zl ]  ——
) - I 0 SM =1
~ 3 - SM o i H>WW*"—sevuv | = | i
- |==68% CL B o7su-20 ‘
‘6 ; ° [ 10'SM=30c {s=8TeV,203 15" Howy omemn I
« 10" EF |—950 E 1o H— e
< F | 95%CL : B =20 S Tev, 4515 ]
---SM Higgs 1 o 3 07e30 5=8TeV,20.3 15" ez 4 e ———
] a0k
_2 | 2 T - S S NP | I S
10 E 22_ Hry - m ——
: " 77 [ ] éMeasuremem
i _ l l l l H— 22— 41 L
10—3 - (M’ S) fit = 0 . l 1806.00242 e ! ) : [ Stat. Unc.  ——
£ Ee68%cCL | 3 10 I l s i Wromune L
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Particle mass (GeV)

= Only the mass parameter of the

Higgs enters the fit
® have to assume that the "Higgs”
is really the Standard Model

Higgs boson

= Coupling and JPC
measurement look pretty much
like a SM-Higgs

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

= |nofficial combination of latest

measurements, yield to
= M, =125.10 + 0.14 GeV
= with a x2/n.d.f. = 8.9/6

= Change of precision from
0.1GeV to 1.0 GeV, changes the
x2 of the fit by only 0.005
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Interpretation of the Higgs

Boson Mass

" |ndirect prediction
of the Higgs boson

mass is
= M,=92.0+20 GeV

= Perfect knowledge
of my, and/or
sinB would
reduce uncertainty
to 10 GeV

10
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130 140 150 160
m, [GeV]
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Measurement of the Top

Quark Mass (1/3)

= Several approaches to measure
the kinematic top-quark mass
(template-method, matrix-element
method, ideogram method, ...)

= World average dominated until
2011 by Tevatron, then LHC
started to play crucial role

Rel. Unc. [%]

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
Year

=
3
o
g
Q
=
2
<
o
3
®
e
3

= |mportant: EW-fit needs pole mass < oo g (e s
of top-quark as input, but oo MG Tempate (m-176 GeV
measured m,,, at Tevatron and ooaf
LHC is a MC parameter 0025
= Assume additional uncertainty of -

300-500 MeV (not known if this is

conservative)

180 190 200 210
mPeco GeV
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Measurement of the Top

Quark Mass (2/3)

CMS Lepton+jets, 19.7 fb' (8 TeV)
3 20000F WM correct | == Sindler
3 = Wejets

[0 tt wrong
[ tf unmatched
* Data

Z

S 10000

L} Z-gels
] QCD multijet
Diboson

Before kinematic fit -

g

Data/MC  Permut

B L
100 200

360 400
mieee [GeV]

10000 [Jtf unmatched
« Data

Data/MC Permutations / 5 GeV
5
8

CMS Lepton+jets, 19.7 fb' (8 TeV)
T &

m Single t
mm W+jets

= Zjets E!

) QCD multijet
Diboson

After P, selection |

3(‘)0 4’00
m{! [GeV]

Experiment | Channel Method Value Stat. Sys. Total Jet Exp. 1| Model | UE + Had. :
[GeV ] Unc. Unc. Unc. Unc. Unc. i Unc Color Unc. |

[GeV] | [GeV] | [GeV] | [GeV] | [GeV ]| [GeV] | [GeV] | [GeV ] i

CDF 1+jets Template | 172.85 0.71 0.85 1.11 0.55 0.60 i 0.1 0.22 0.57 |
CDF v+jets Template | 173.93 1.64 0.87 1.86 0.48 0.56 ;| 0.32 0.33 0.36 i
DO 1+jets M.E. 174.98 0.58 0.49 0.76 0.29 0.32 i 0.19 0.12 0.26 |
CMS 1+jets AMWM 172.82 0.19 1.22 1.23 0.34 0.81 ;| 0.84 0.11 0.79 |
CMS 1+jets Ideogram | 172.35 0.16 0.48 0.51 0.12 0.43 1| 0.15 0.08 0.33 i
CMS l+jets | Template | 172.22 | 0.18 oo | Toos 0.45 0.17 i 0.46 0.17 0.51 |
ATLAS 1+jets Template | 172.33 0.75 1.03 1.27 0.64 0.62 1| 0.48 0.19 0.18 i
D@ semi-lep. Matrix 173.93 1.61 0.88 1.83 0.67 0.42 i 0.36 0.15 0.31 |
ATLAS semi-lep. | Template | 172.99 0.41 0.74 0.85 0.62 0.30 i 0.25 0.11 0.22 i
ATLAS semi-lep. | Template | 172.08 0.39 0.82 0.91 0.56 0.43 ! 0.20 0.21 0.15 |
CMS semi-lep. | Ideogram | 172.25 0.08 0.62 0.62 0.39 0.19 ;| 0.27 0.32 0.10 :
CDF fulLlhad. | Template | 175.07 1.19 1.55 1.95 1.12 0.98 i 0.28 0.32 0.29 |
ATLAS fullhad. | Template | 173.72 0.55 1.01 1.15 0.69 0.68 | 0.2 0.2 0.64 1
CMS full.had. | Ideogram | 172.32 0.25 0.59 0.64 0.28 0.41 :L 0.24 0.21 0.3 i

= Most precise measurements performed in the lepton+jets channel
= Significant differences in assigned model uncertainties of different experiments;

= Most precise value from CMS(@Xv:1509.04044): m MC = 172 35+0.51 GeV

= ATLAS combination (8 TeV semi-leptonic+others): mMC = 172.69+0.48 GeV

= Already close to 300-500 MeV theory uncertainty level

= Recent ATLAS of m,, measurement (ATLAS-CONF-2017:044): mpole = 173.2+0.9+0.8+1.2

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)
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Measurement of the Top

Quark Mass (3/3)

= No official combination of

CDF (Ieptonﬂets) - [ ] - l
latest ATLAS and Tevatron Eﬁiﬁjifj,'fn’oﬂe,s, L L —
results Dzoro (plonses) | U m—
SR — ...
= Preliminary combination S (aljot -
= Correlations are estimated zxzi‘:‘fp,’;’ .
from previous official NS (6pome®) | g
combinations 2:32;’:‘:‘m’)" et U
= Take individual combinations — f &isaies | "_". o e
from all four experiments as 8 QLL:f“"""t") e —— . S
well as new 13 TeV IATLAS (rosssocton) | | '—_[:Inelanve Une.

Ll eseser—l |
| 170 172 174 176 178 2
measurement.s INto account m[GeV] Rl Unc. (%)
m Observe tension between DO

and LHC by 2.50 | = Assuming additional 320 MeV for m,,
= driven by DO lepton + jets VS my,c interpretation, leads to
measurement = mPole = 172.90 + 0.47 GeV.

with a p-value of 4.1%

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 16



Interpretation of the

Top Quark Mass

1

= |ndirect prediction of %

the top quark mass <

" My,,=176.5£2.1 GeV

= Uncertainty on My,
contributes 1.9 GeV

= Significant improve-
ment when including
my, in the fit

= Experimental un-
certainty on my,; is
already close to theory
limit

1 lllllll|llll|lllllllllll[ll|llllllllllllll

_ N W s, 00 O N 0 © O
T
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L L 1 L L 1 1 L l L 1 L l L L L L 1 L 1 L
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Measurement of the

Electroweak Mixing Angle (1/3)

gle since 1996

iy World Average

= Discrepancy of LEP and SLD i oz T e
measurement on sinZB,, triggered ) ------
quite some interest in recent years . = R P

= Problem at Hadron colliders: Do not
know incoming fermion direction on
an event-by-event basis

= Problem reduced at Tevatron, very
prommen’[ a’[ I_HC 1996 1998 2000 2002 2004 2006 2008 2010 2012 Y2:a1:L
= Significant p(Z) due to ISR
= Need reference frame to define ¢ /

forward- and background angle 6
= Colins Soper frame o

Rel. Unc. [%]
o

approach to extract sin?6,,

-
-
-
p-

= Use (variation) of template fit S / >

Particle Rest Frame
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Measurement of the

Electroweak Mixing Angle (2/3)

Forward Backward Asymmetry for different quark initial states @ Forward Backward Asymmetry for different quark initial states (+ Dilution)

= Forward backward & b e mweorso

® qq

< ol Pythia8 (NNPDF3.0)
’ + Dilution effects

asymmetry also 04 ageavs oaf 00
. - i - dd S
Induced by Z/v 0.2__ 0_2__ —cE.s§,b5 //.- .
. L - 00000000007
interference of of /
C ;...”....’.....‘..... .
0.2\~ -0.2f
= Needtointegrate ..~ oaf-
over all initial state sk | o8-
A, co e b b by by I T I T SIS I AT T A
65 90 95 100 105 110 65 70 75 80 85 90 95 100 105 110
q u arkS m, GeV m, GeV
5in®0'7, Value | Stat. Unc. | Exp. Unc. | PDF Unc. |!Model Unc. | Total Unc.
Knowledge on DO 0.23095 | 0.00035 | 0.00007 || 0.00019 |i 0.00008 | 0.00047
PDFs is essential CDF 0.23221 | 0.00043 | 0.00003 | 0.00016 | 0.00006 0.00046
Tevatron (Comb.) | 0.23148 | 0.00027 | 0.00005 !| 0.00018 |i 0.00006 0.00033
CMS 0.23101 | 0.00036 | 0.00018 | 0.00030 |i 0.00016 0.00053
Tevatron stat. ATLAS (central) 0.23119 | 0.00031 0.00018 i 0.00033 ' 0.00006 0.00049
limited ATLAS (forward) 0.23166 | 0.00029 | 0.00021 i| 0.00022 |} 0.00010 0.00043
ATLAS (combined) | 0.23140 | 0.00021 | 0.00014 i/ 0.00024 |! 0.00007 0.00036
o LHCb 0.23142 | 0.00073 | 0.00052 i 0.00043" || 0.00036" 0.00106
LHC limited by AQled (LEP) 0.23240 | 0.00070 | 0.00100 ! - ; - 0.00120
PDF A} (LEP) 0.23099 | 0.00042° | 0.00032" | - i - 0.00053
S ! .
A, + A. (LEP) 0.23159 | 0.00037* | 0.00018" | - i - 0.00041
A% (LEP) 0.23221 | 0.00023" | 0.00017" | - ! - 0.00029
A; (SLD) 0.23098 | 0.00026* | 0.00000" - ! - 0.00026

Prof. Dr. M. Schott (Johannes Gutenberg university, viainz)
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Measurement of the

Electroweak Mixing Angle (3/3)

= Hadron collider results

do dounpo 1 )
= Measurements at Tevatron ddoondds ~ dptdy (1 eos )+ Aog(1 = 3os’(6)) + Avsin(26) cos(9)
and CMS employ a template +Az 5 sin?(6) cos(26) + Ay sin(6) cos(g) + Ay cos(0)
fit of Acg in the C.S.-frame +As5 sin?(9) sin(26) + Ag sin(20) sin(@) + A7 sin(0) sin(9)),

= ATLAS employs a template
fittig procedure of the angular

Overview of sin“6L; Measurements
T Tl s

coefficients and extracts - ' '
sin“B,, from A4 O sostere || —
= CMS and ATLAS employ PDF- Comb'"a"m"' ,,,,,,,,,
profiling Ak - ol
CCM'\ggAS—SMP—ﬂS—OO? = . f-i
: : LHCb - '.5 —
= Combination of hadron Moo | TEEE H—
, fe o (LEF) e .
collider results e 11
1 heB-ex/0508008 ! E 101
= Slnzeeﬁc - 023140 + 000023 A° (LEP) @ Measurement
he-ex/0509008 e at. Unc.
= Level of LEP and SLD R v
: hep-ex/0809008 : e ——-
= Disagreement between LEP » L0) | I e |
. . heb-0x/0508008 : on: elative Unc. :
and SLD mlght be JUSt a ----------------------- 0_I23 . 0_2132 0_2:34 0!5 1
statistical effect sin0l,  Rel. Unc. [%]
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Interpretation in the context

of the Electroweak Fit

® |ndirect Determination
" sin?0, = 0.23151+0.00006

x é Iln&ecl:t IDletlerlmlinla{ic;nlo“ sli eeﬂ(I\ { é

< 9F  \Measurement =

= World average b 55 Ak Fi aiiten E

= sin%,, = 0.23151+0.00014 JE 5 e ot men E

= More precise than prediction b FIH(EAPE) E

= Does it make sense to = .

improve the measurement? 43 E

e W S S ) Y J B b —

= Hadron Collider average 3 E

" sin20,, = 0.23140 + 0.00023 2E E

" Assuming an improvement L AN O/ E
by a factor of two (and a 0.231 0.23110.23120.23130.23140.23150.23160.23170.2314

central value within 20 to the sin’0,_(1)

current w.a. would still show
no tension above 1.50)

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 22
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Mass Sensitive

Variables

= Main signature: final
state lepton (electron or
muon): pr(lepton)

= Recoil: sum of
“everything else”
reconstructed in the

calorimeters

= a measure of p(W,2)

= gives us also missing
transverse energy

_.T 2 E
e =~

m, =J2pL p (1-cos Ag)

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

Lepton
Vector Boson
R — Lepton
A
.-"-'4_--_—- - ‘ --_-----'t"-_
Lapton

Lepton

F =TT

Eé_a "NLO" Gluon ;
|I |.. ) ‘l. Il'

ISR" Gluon [ | Vector Boson |

' f : | | L i)

o T
| | e | |
| - iy |

"1 ) Hadronic

Measured & N~/ 1 Recol
Hadronic b
ReCUI __-_"-.___y- —_____-::._'.._,-"
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Mass Sensitive

Variables

= Sensitive final state distributions:
= | epton transverse momentum p+(l)

= Transverse mass: my
= Missing transverse energy
(“neutrino py”): pymss

= Template-Fit approach

= Assume various W boson mass

values in MC event generator and

predict the p(l) , m, p;mss
distributions

= Compare to data

= Mass determination by x@
minimization

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz)

Normalised to unity

Var./Nom.

Normalised to unity

Var./Nom.

0.12

0.1

0.08

0.06

0.04

0.02

1.01E

1

0.99¢ : . : : . : : -
60 65 70 75 80 8 90 95 100

T T T
. Nominal

— Amy=50 MeV

ATLAS Simulation
\s=7 TeV, pp— W'+X

— A m,=+50 MeV—3

0 32 34 36 38 46 42 44 46 48 50
p. [GeV]
T
L L L L L L IR _]
— ATLAS Simulation —
C Vs=7 TeV, pp— W'+X — Amy=-50 MeV ]
-~ Amy=+50 MeV |

m; [GeV]
TUPS./7dudsS.WeD.CEIL.UTTAUAS/ ONRUUFNO/IFM T OIVO/FAFEND/

STDM-2014-18/
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', Why is this measurement
compllcated”?

¥
We ant to achieye’a %/'

relat|ve recision of O. 01 %

il bosor is not at rest,
( ithhwhich klnema’ucs\s
“ the (bos@ producegds
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Measurement Strategy at
LHC and Tevatron

= Parameterized (not full) simulation = Analysis based on full simulation

that includes all corrections = PowhegPythia (NLO QCD+PS);
= | ow pile-up = QED FSR using PHOTOS
= Reweighting to correct for physics
= CDF-Experiment; e/mu channel and detector modelling
= Only 20% of data-set used
= Calibration: J/Psi, Upsilon, Z = Data-Set: Run 1 (2011)
= 7TeV,4.6fb"(e), 4.1 (p)
= DO-Experiment: e-channel = Mature, well understood data,
= Acceptance up to n<1.0 moderate (but still significant) pile-
= Calibration: Z boson only up

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 28



Production of W Bosons at

the LHC and Tevatron

= Tevatron: Proton / anti-protons
= Main production involves up and
down quarks
= small impact of heavy quarks
= No differences between W+/W-
= Similar production of Z bosons p p

= |LHC: Proton-proton collisions 08
= Heavy quarks become important in
the production

= Different production modes of W+
and W-

= / Boson production still dominated
by light quarks

=100 GeV
=3 o
P o

x f(x,Q) at Q

e
)

0, - N N
0001 0003 001 003 0.1 03 1

http://hep.pa.msu.edu/cteq/puxblic/
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= Lepton selections
“ Muons : |n| < 2.4; isolated

* Electrons : O<|n|<1.2 or
1.8<|n|<2.4; isolated™

D

= Kinematic requirements K

" pr >30GeV pymiss >SOGe DN

-

* m; >60GeV u; <30GeV ."'
e

* Measurement categories
= Electron/muon ChanneJ ©
m-Fits, 3/4 rap@ﬁy reg|o

boson

Muon Channel: 7.8 ents
Electron Channel,.5.9¢/ events
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Physics Modelling

= No available generator can PDF .
describe all observed features: 2_5 ! EW QED
pr(2)/pr(W), A, ... N ) s 1
T ] v /\7/\/vv

= Variation of do/dm modeled with a

Breit-Wigner + EW cor. VW IWV\<
" do/dp;is modeled with PS MC — / A

= do/dy modeled at NNLO
= A(y,pt) modeled at NNLO

= QCD aspects

= Rapidity, p; distributions; angular
distributions do _(dcf)(dO)(dG(pﬂy) 1 )

a’pla’p2 N dm dy dpt  o(y)

= EW aspects

= ISR and FSR QED corrections ’ (EiAi(y,Pt)B(COSH,(P))
Missing higher-order effects
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Transverse Momentum

(A several years effort)

= Traditional approach: fit predictions to Z data, apply to W
= primordial k; ag™%; ISR cut-off
= Tested with Powheg+Pythia8, and Pythia8 standalone

= Associated Uncertainties: Z Boson Data, Parton Show Variations and
= /W extrapolation : factorization scale variations (separately for light- and
heavy-quark induced production), heavy quark masses

= Y YL B R B B 3 N 1_03_
g OoecATLAS ~e— Data E © b ATLAS Simulation
S.007E "o —— Pythia 8 4C Tune— & . F )
%'_0-06 f—ppﬁ + —=— Pythia 8 AZ Tune > 1.02— Vs=7 TeV, pp— W*+X, pp— Z+X
© = 3 5
E 0.055— s (ot
= 0.04F E n
0.0355 = s |
0.025" = - —
0.01E- = 0.99F
S E T m—s -
S 1.05F AT 0.98— — Pythia8 AZ - Light quarks>W,Z — ct—Z
= e R A o S S v v— - R4
S 0.95E NS E C bb—Z — cd,cs—»>W — Total
9095 A_f_ | | . N N A .i 097_|||||||||||||||||||||||||||||||||||||||
o 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
p! [GeV] P, [GeV]
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Transverse Momentum

(A several years effort)

= Theoretically more advanced calculations were also attempted
= DYRES (and other resummation codes : ResBos, CuTe)
= Powheg MINLO + Pythia8

= All predict a harder p(W) spectrum for given p-(Z) distribution
= Behaviour is disfavoured by data (see later)

1.2 N 1.2
ATLAS Simulation ©

Vs=7 TeV, pp— W +X, pp— Z+X

ATLAS Simulation

G 1.15 _
Vs=7 TeV, pp— W +X, pp— Z+X

1.1

1.05

0.95 0.95
- == Pythia 8 AZ "'-_______ =
0'9: —— DyRes 1.0 L— 0'9: == Pythia 8 AZ
0.85F — Resbos 0.855 — Powheg MiNLO + Pythia 8
" F —CuTe " F — Powheg + Pythia 8 AZNLO
08IIII|IIIlIlIIlIIlIIIIIIIIIIIIIIIlIIIIII 08_IIII|IIIIIlIIlIllIlIIIIIIIIIIIIIlIIIIII
0 5 10 15 20 25 30 35 40 -0 5 10 15 20 25 30 35 40
p"“ [GeV] va,z [GeV]
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Overview of QCD

Uncertainties

= CT10nnlo uncertainties (synchronized in DYNNLO and Pythia) +
envelope comparing CT10 to CT14 and MMHT.
= Strong anti-correlation of uncertainties for W, and W-!

= AZ tune uncertainty; parton shower PDF and factorization scale; heavy-
quark mass effects
= A uncertainties from Z data; envelope for A, discrepancy

W-boson charge W+ W= Combined

Kinematic distribution pgr mr pfr mr pgf mr

dmw [MeV] E_ ____________ i
Fixed-order PDF uncertainty i 13.1 149 12.0 142 80 &7 |
AZ tune ___3_.0____3_.41____3_.()_"_3._4_":_3._0""54"*:
Charm-quark mass 12 15 12 15 112 15
Parton shower up with heavy-flavour decorrelation 5.0 6.9 50 6.9 50 6.9 E
Parton shower PDF uncertainty 36 40 26 24 '1.0 16 !
Angular coefficients 58 53 58 53 158 53
Total 15.9 181 148 17.2 '11.6 12.9 |
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Detector Calibration




Mass Sensitive

Variables

= | epton calibration
= momentum calibration using the Z
peak
= efficiency corrections
(reconstruction, identification,
trigger) rederived via tag- and
probe-method in 3 dimensions hadronic recoil

_)
urt

= Recoil calibration
= Event activity corrections
= Recoil response calibration using
expected p; balance between
lepton pairs and u; in Z events
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A distribution which took

us months

ATLAS
\s=7TeV, 4.1 fb'

— Z-p*u (before corr.)
[ Z—p*u (after corr.)

= Typically one expects a O
symmetry of the detector
response (and the physics)

= We observed significant e —
differences to MC §

= offset of the interaction point with
respect to the detector center in e T
ATLAS * Daa
the transverse plane = 7ToV, a1ttt oo con)
. —u*u- (after corr.
= Non-zero crossing angle between
the proton beams
= ¢p-dependent response of the
calorimeters

Events / 2 GeV
3

60

40

20

S E LN
1.05E

(0] 1

R |- e Y I +*.=!= T

S 095 L1

© 50 40 30 20 -10 O 10 20 30 40 50

e uZ [GeV]
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3 tables after

3 years of work

-
. . [ne| range [0.0,0.8] [0.8,1.4] [1.4,2.0] (2.0,2.4] : Combined !
= Experimental uncertainty due to Kinematic distribution _ ph _mx_ ph gy mv gy me i sk ma
. . Sy [MeV] | :
Momentum scale 8.9 93 142 156 274 29.2 111.0 1154! 84 88
m uon d eteCtor Cal I b ratlon On the Momentum resolution 1.8 20 1.9 1.7 15 22 3.4 3.8 : 1.0 1.2 :

Sagitta bias 0.7 08 1.7 17 31 31 4.5 43 1 06 0.6
Reconstruction and l :

10 MeV level
isolation efficiencies 40 36 51 37 47 35 6.4 5.5 : 2.7 22 :
n ||’] terms Of average accu racy on Trigger efficiency 56 50 71 50 118 91 121 991 41 32,
" . . Total 114 114 169 17.0 304 31.0 1120 116.1; 9.8 9.7 :
the position resolution, this means p— -
R SSSSSSS 1
U m'p recision ' [n¢| range [0.0,0.6] [0.6,1.2] [1.82,2.4] | Combined :
Kinematic distribution py mr  ph mr  py mr : ph mr !
dmy [MeV] : |
. Energy scale 104 103 10.8 101 16.1 17.1 18.1 8.0 !
u NOt even dlSCUSSGd hel’e: HOW tO Energy resolution 50 60 73 67 104 155 135 55 :
. Energy linearity 22 42 58 89 86 106 134 55 :
Energy tails 23 33 23 33 23 33 '23 33,
eStImate baCkg roundS Reconstruction efficiency 105 88 99 7.8 145 11.0 : 72 6.0 :
u Identification efficiency 104 77 117 88 16.7 121 '73 56
We COHtrOl the baCkg roun d Trigger and isolation efficiencies 0.2 0.5 03 05 2.0 22 : 0.8 09 :
: : le) | Charge mis-measurement 02 02 02 02 15 15 '01 0.1,
Contrl bUthnS ona rel ' 5 A) |eve| ! Total 19.0 175 211 194 307 305 '142 143
. A — -
= Final background related Ssosous ,
. . _ 1 -
uncertainties W-boson charge VW iCombined |
inematic distribution pp mr pp mr 'pp  mr |
= p.-fit: 3-5 MeV S [MeV] : i
. () scale factor 02 10 02 1.0 ;02 10 |
BE M —flt: 8—9 |\/|eV e|eC_ Y Er correction 09 122 1.1 102 '1.0 11.2 1
T 1

. Residual corrections (statistics) 2.0 27 20 27 ;20 27 |
u mT—ﬂt 3—5 Mev (muon) Residual corrections (interpolation) . 14 31 14 31 |14 31 :
Residual corrections (Z — W extrapolation) 0.2 5.8 0.2 4.3 102 51,
Total 26 142 27 118 126 130 ,
1
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Control Distributions

non m,, sensitive

x10° x10° x10° x10°
o~ T T T T T T T o T T T T T T T T o 3505t T T T T T T T T ~ T T T T T T T T T
o ATLAS Preliminary e Data o ATLAS Preliminary -e-Data o ATLAS Preliminary -e-Data o 250 ATLAS Preliminary -e-Data
P Vs=7TeV,4.1 b mW— v P 5=7TeV, 4.1 o mW- v o S00E is=7Tev, 46" mW- ey > \s=7TeV, 461" W6y
2 [Z] Background 2 [Z]Background 2 o5 [T]Background 2 [C]Background
c ¥2/dof =917 € ¥2/dof = 5/17 € ¥2/dof = 8/19 € ¥2/dof = 12119
w w w200 w
B 1.02] 9 1.02] g 1.02 8 1.02
2 101 - + o 101 o 10f —+ O 1ot e e
O il e M N e P L et B — T oot gt =
.99 .99 ~ . ~ . —+
S 098 S 098 : S 098k S 098k o B
8 2 15 1 05 0 05 1 15 2 S 2 15 1 05 0 05 1 15 2 b} 2 45 1 05 0 05 1 15 2 8 2 45 1 05 0 05 1 15 2
n n - -
x10° x10° x10° x10°
> . — . . . > 200 : — . . . > . — ‘ ‘ . > g ‘ — ‘ . . =
8 ATLAS Preliminary e Data 8 ATLAS Preliminary e Data & ATLAS Preliminary e Data 8§ 25 ATLAS Preliminary e Data =
g Vs=7TeV, 4.1 1" W py g Vs=7TeV, 411" WWo v « (s=7TeV,4.6fb" W ey « F (s=7TeV,461" WEW-ev E
o [] Background o [] Background - []Background ~ 200 []Background —|
€ 2/dof = 21/29 € ¥eldof = 20/29 @ eldof = 30/29 P F eldof =24/29 7
g s & S 150 .
w w > > r i
w w E |
100~ 3
50 =
; ; oS 1.02F] I o 1.02f
E Lofgt |-~ -
8 g & MO e T £ ‘-°]§. TTHH - i
o o o O""I I I . L e - I < 099 i gy AT ™ T
= = 9951 o 99 t
P P o 098k o 0.98k-T
5 5 S % 20 10 0 10 20 30 8 3 20 10 0 10 20 30
Y (GeV] ) [GeV]
> 500X_103 T T T T T — > :JUx‘lO:i T T T T T - > X103 T T T T T > X103 T T T T T
E E _E imi -o-Data 140 imil -o-Data —
8 ATLAS Prellmlnaw -o-Data 8 ATLAS Prel|n11|nary - Data [0} ATLAS Pre||m|nary [ ATLAS Pre||m|nary ]
& 400 (5=7TeV, 41t mw-wv 3§ s=7TeV, 4.1 fo EW-uv ] © Vs=7TeV, 461" EW ey © s=7TeV, 460" mw-ev ]
- £ [CJBackground - [C]Background 3 * [ Background « [JBackground 3
® 300 E x?/dof=37/20 ® x*/dof=33/20 3 ‘g 2ldof = 29/29 E ¥ldof=3129 3
c — — c — E
E E ] :>j E @ i 3
200 . E 3
100~ = 3
g 1.02F g 1.02 <5 1.02F 35 1.020
@ 101 - o 101 I g o o 10 o 101 ' !
g e S ——— et N T — e g R . g 1€ N I i R,
5 ose L1 5 OSell " ' 5 05%e 5 0%c
8 "3 2 -0 o0 0 20 s & 30 20 -0 0 20 © & o 5 10 15 20 25 3 8 o0 5 10 15 20 25 0
uj [GeV] uj [GeV] u; [GeV] u; [GeV]
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Crucial Test of

p-(W) modelling

= Remember the problem with the p+(W) description?
= How do we know, which MC generator to trust?
= How do we know, that our assigned uncertainty makes sense?

= The y(l) distribution is very sensitive to the underlying p(W) distribution
= Can exploit this feature to verify the accuracy of our baseline model, and
compare to alternative calculations

9 1 _02 : T T T T | T T T l T T T T I T T T T | T T T T l T T T : 9 T I T T T T | T T T T ]
g - ATLAS - S ATLAS ]
0 41.015F = S ]
> U UE 1s=7TeV,4.1-461b" 3 ~ Is=7TeV,4.1-46f" ]
2 101 Wl < W -
a E a -
1.005 BUS Pythia 8 AZ ]
E —»— Powheg MiNLO + Pythia 8 |
i DYRes (ugCD, uéCD corr)
B Pythia 8 AZ = .

—— Powheg MINLO + Pythia8 - EET e

i1 DYRes (ugCD, uéCD corr.) _E """

1 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 . 1

0.98, 5 10 15 20 25 30 30

u, [GeV] u"' [GeV]
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W-Mass Distributions:

Electrons

. . 3 3
. Pr I I n > X10 T T T T T T T = > X10 T T T T T T T |
ed Ct Ons 8 ATLAS 1 -e-Data = 8 120 ATLAS ) -e-Data =
: Is=7TeV,46fb mWoev Is=7TeV,46fb mWoev
Set to flnal g [JBackground I g 100 [JBackground 7
. = Pldof=36/39 3 w/dof =39/39
combined m, ¢ 1 e E
3 ER E
value Ui = E
= Dip at 40GeV 3 1@ P g T
p f;l-) 1'OH_-'--#"'I"" Aty E g :-r+ ILH-+++I+I+I I+I+' ‘;L-) 1'01§-+I ++J_+TI+-H-' gt T+ ‘i'+-|-T-l--'--|--I:I—I I+I IJI_T:-i-E
1 ~ E + + I E| ~ H T + =]
was studied g gg R T g
S 30 32 34 36 38 40 42 44 46 48 50 S 30 32 34 36 38 40 42 44 46 48 50
thoroughly Pl [GeV] Pl [GeV]
= No striking 10 o
> iy T T T T T = > 120 T T T T /]
effects: & 160 ATLAS ‘e Data ER- - ATLAS ‘e Data ]
: Z 140 1s=7TeV, 461" Wmw-ev o T 100 \s=7TeV, 46" mw-oev
- [JBackground _J F [JBackground -
StayS at 2o 2 120 Fldot-sa59 1 - x/dof =55/59 ]
. - 2 100E- 1 8 E ]
Only mild G gof E R 3
- 60— = o =
Impact on : E - ]
final my, 20 E -
oS 1.02F ' : ' "] 3 S  1.02Ef '
T E | el
£ O s I R 1 0 Y S VI TIG mViG (1L 1 L1
A i e TSR L R Y i L O A e AU AL L B
~ 0.99F T4 E ~ 099E T e 3 T T L
< 0.98 ; ; ! PWaSaran i A 1 3 S 0.98E ; | ;
S 60 70 80 90 100 110 120 S 60 70 80 90 100 110 120
m; [GeV] m; [GeV]

Prof. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 43



W-Mass Distributions:

Muons

.VerngOd x10° x10°

> = > =
8 A TLAS 1 -e-Data = 8 A TLAS ) -e- Data =
\s=7TeV, 4.1 fb MWW p*v 3 \s=7TeV,4.1fb MWW uv 3
ag reement g []Background _3 g []Background
— X2/dof =20/39 3 — ¥2/dof = 29/39 _f
for muons 2 3 ¢ E
[0) = o) 3
> E > =
w = w ]
= Qverall:x?/n gy . :
P PR 1 P n
robabilit 3 192 S SRR ET 3 10E ' T
P y S R +,_i++1_r+ﬁ:++_'_ T T3 e 1.01?__#_+ T o+ il ++T+l Fodd
. . . E 3 E |
distribution s 0% I T AR 0
) 30 32 34 36 38 40 42 44 46 48 50 O 30 32 34 36 38 40 42 44 46 48 50
o o
from 84 data/ p. [GeV] p. [GeV]
pl’edIC’[Ion x10% x10°
! E 538;: ATLAS I | I -@- Data | :; E 1405_ ATLAS | | I -o-Data | _E
comparison T80E. 'S =7 TeV, 4.1 b mwouv 4 O F \s=7TeV, 41t mWouv ]
2 1 60 [C1Background 3 o 120E []Background
[ <P>: 054 *OC: 1405 1éldof =57/59 3 ‘GE) 100 We/dof = 48/59 3
o 120E = 3 = 3
100~ = = E
g 10EE ' T e g 102k oot
& -1n+ iy +¢++ﬁ+##++u++..1~m'| LTI & Ol bt B T
= 099 L s Fotpe = 099p L. EE # L e
S 098 : . : oAl g ML © 098k . : L
8 60 70 80 90 100 110 120 S 60 70 80 90 100 110 120
m; [GeV] m; [GeV]
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A Little Bit of History

= Over many years we investigated differences in blinded m,, mass-fits in
different channels, templates, categories
= Only after all corrections applied (and all bugs where found), we
achieved consistent results

> 9 > UEE ]
2 400: ATLAS Wiss ev ] 2 w00t ATLAS W= v ]
OO SOOI oed ST - -_;- L, e e -
€ F(s=7TeV,46fb" ep.  em 7 € [ Vs=7TeV, 411" ep  em
< 300 e R + .............. — < 300 e " + -
- 40! by ] - 40! pmy ]
2 e e ] 200 L oo - 1
00 YR, ym -4 . ye o ym
100 :_ ............. e _: 100 :L-..-..-.."-..-..-..-..-.!“ ,,,,,, [P y S A :
?--f—o ------- e .m,i_* ] u y U ’;"f gty ' ]
of v . SRS mEr S S of v e
~100 :_ ............................................................................................................................................ _: -100 :_ ............................................................................................................................................ _:
—200 E._ ............................................................................................................................................ ..E —200 E._ ............................................................................................................................................ ...E
E 3 E A ¥ ]
-300 :_ ? ................................................. _: -300 E..“,,’..._..._.,_.._.._.i_.:‘_.._:._.;,;..“.- ..... _.__Y_ ................... .
SEEIEE SRR Y 3 C Y X 3
—400 __._; ................ 1 s Annnnna SO ] —400 e ]
-5005 ] -500 - ]
ot ey X AWM N 50! e 0 N ) o
Leo©® ™ " o o0 co®® Wo® * et a yeoo” o o 1 oo * o ‘eO WS © * e o
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my, Fit Results in

Various Categories

—80700¢ - —80700¢ -
§ goss0 ATLAS voIW)  —roratUne. é soesof ATLAS voIw)  —roraiUne.
= = = -1 m (W* Stat. Unc. = = = -1 m (W* Stat. Unc.
cVs=7TeV,4.11b AmW) [0 EVs=7TeV,461b Am(W) 0
8380600:_ ) : ¥ m(W) —Total Unc. 8380600:_ ) : ¥ my(W) —Total Unc.
80550 E_Wr_> uv — Comb Fit [JTotal Unc. 80550 E_Wr_> ev | | — Comb Fit [JTotal Unc.
80500F- | : 80500F- : |
80450F- + | + o 80450F- | |
804001 + g 804001 e |
80350;—+ - +_ _+ o Al .- 80350;—+ +_+ . + . |
80300F | | s 80300F- | * * |
80250F | | 80250F | |
80200° | ' ' 80200° | ' '
O.0<|T]I|<O.8 0.8<|n||<1 A4 1 .4<|T]I|<2.O 2.0<|11I|<2.4 O.0<|T]I|<O.6 0.6<|n||<1 2 1 .8<|1]||<2.4
Category Category

= |llustration of fit-results in all measurement categories based on p; and
m; templates for W+ and W- in the electron and muon channel

= Compatibility tests performed before unblinding: x2/ny = 29 / 27
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my, Fit Results in Various

Combinations

I 2 I A R I S 7= s o v e Combination ~ Weight
Pl W—Tv ATLAS - 2 Stat. Uncertainty Electrons 0.427
_ B — FullU taint )
PeWoTv | Vs=7TeV,41-46f" e oy (Full Comb Muons 0.573
my, W_—>| v Stat. Uncertainty e 0.144

my, W—Tv ® Full Uncertainty ¢

.. | s 0.856
my, W"— Fv ®
E,lTj Wisetw 17 T —oo m=ls WJ_r 0.519
m,Woev | o il 0481
p. W pty —o—
meWeoutv | e o Nobody cares about
me-pl, W Ty — e | your method. People
my-pl, W= ['v — T —— remember only your
mT-pITy Wi% FV 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 ! 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 |aSt number!

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

myy [MeV]

- Final measured mass of the W boson
| = 80.370+0.007(stat.)+0.011(exp.)=0.014 (mod) GeV
= 80.370+0.019 GeV
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Interpretation in the context of

the Electroweak Fit

2
—
o

Ay

= Fit (Gfitter)
itwithout m,, (Gfitter)

|llllIIIIIIIIIIIIIIIIIIIIIIII

= Good news: New measurement
reaches precision of CDF and is

T T T T I T T T T I T B
m,, = 80.370  0.019 GeV
m,=172.84 £ 0.70 GeV
m,, = 125.09 + 0.24 GeV -

68/95% CL of m,, and m, —

;
:
7 _ &
= EWK Fit (GAPP) - "
6 =1 - /™~ D i
= 80.4 _
5 E i
4R / 80.35F -
3 E C ]
ok = 803 = W 68/95% CL of Electroweak
= 3 TF Fit w/o m,, and m, ]
1= — - (Eur. Phys. J.C 74 (2014) 3046)
- L l L l ) L 1: 80-25 1 11 651 1 1 |1 70| 1 |1 7|5| 1 1 |1 8|ol Il 1 |1 8|5|
80.33 80.34 80.35 80.36 80.37 80.38 80.39
my, [GeV] m, [GeV]

= Unofficial combination yields a

value of

= M, =80380+13 MeV,
with a p-value of 0.74

now the world leading
measurement

= Bad news: We are even more = 1.60 “tension” with the SM

Standard Model ...
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@, = Useimproved PDFs based on

) §

FOI’ the GlObal e|eCtrOW68k flt, we St'” : .. ATLAS Simulation Preliminary
G o —e— @ 300 pb' statistical sensitivity only
need more precision on my,

—®- @ 300 pb'1 statistical sensitivity + Recoil Calib sys

LHC
CMS will hopefully also publish soon a
m,, measurement
We have special low-pil
(2017/18) to allow for direct
measurements of p(W) and more k
IMHO: <10 MeV is feasible C i

DJ run lib12

arXiv:1203.0293v2

’ "
lata-sets

————

Tevatron
. X2-5 more statistics available (+ forward . Bt
detectors) v ™

MSTWO08SNLO
m CC rem - : _‘_:j;f. " e preservation

80.24 80.26 80.28 80.3 80.3280.3480.3680.38 80.4 80.42
World average MW [GeV]

ommunityserver-blogs-components- -00-00-11/Clouds_5F002800_5_2900_.jpg
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X Summary
% ' ,'V' A o : “« "
" @ m,,, measurement gets limited by “theory

: . . uncertainty on its interpretation
— s = NNLO differential cross-section cal. could
| | allow for m,,, measurement with <1GeV

g
Nl
f—
=

" sin’B.; measurements at LHC reach LEP
precision and will improve further

= We need to discuss, how to treat
measurements that are “off” (e.g. m,y;)

= First W mass measurement at the LHC
unfortunately shows no signs of BSM




