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Summary of the

" The electroweak sector of the
Standard Model has five
parameters

" Qem Gg My My siNZ0,
= (+ my for the scalar sector)

= However, they are not
independent, but related by

theory
2
sin%6,, = 1- "2
mZ
m>sin’0. = T
w w \/EGF

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

Electroweak Sector

Page 3



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
= Calculate the relations
between all observables
= Probe the consistency of the
SM / Predict observables
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Input and Outcome to

the Electroweak Fit

mm Global EW fit

= |nput for the gobal electroweak fit mostly from o Messurement . [elTia):
= LEP: Z boson observables w7 e p—
= Tevatron: W boson, top quark mass My | | — ;
= | HC: Higgs Boson, top quark mass ;,“: —'°—
Fz _-
= Result: Amazing predictions! R -
= Top-Quark mass before its discovery A _H-
" Higgs-Boson mass before its discovery and A —I:—

>
()
[
L=

the funding argument for the LHC sine'(@ )

B ~—t
A —e—
6 S 400 ———— T ¢ '
) E Measurements Results of the EW fit ] A —
1 E 3 b —|—.—
L Al = ©. 350 é LHC 90% CL, PDG = ;
] i—0.02804+0. 0006& a F © 68%CL,LEPFEWWG | A(I:,; L e :
1 }--- 0.02784:+0.0002 E 300 — I 68% CL, Gitter E ob ’
4- H | 0 E = 68% CL, Gfitter = AL - P e
8 250 [— (incl. direct searches) H i i i :
4 T m RO P
‘:\-I>< (4 '
] 200 |- .
<
] 150 - i
2 - : I
0 Excluded - Preliminary o:' PR R EIE I R |||||||||||||||||||||||||||||||||||
2 3 1995 2000 2005 2010 2015
10 10 10 Year 3 2 1 0 1 2 3
my, [GeV] http://project-gfitter.web.cern.ch/project-gfitter/ ( -0)/ &
tot
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/ Boson Measurements

T T T T T T T T T T T T T T T T

= Z bosons can be produced B [ o3
directly in e*e” collisions, i.e. we E [ e
can scan the Breit-Wigner 30  ora
lineshape :
20 5
= \We do not need to reconstruct o messurements, error brs
energy of the decay particles 10 —omomn
= Mass measurement is reduced - .
to a pure counting experiment EE

= Reach enormous precision
= Mass known to 2 MeV!

= Not only crucial input for the
electroweak fit, but also for the
LHC detector calibration! B

E,, [GeV]
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Where do we stand and

what do we need?

= 7 boson observables: LEP was CamLasandoms L bs Jardvorgebbints 0rado

LHC Run 1
great; we can’t do better (now) aTLaS Hory e 120022051 (20435007 Gov
CMS H-yy == 124.70 + 0.34 (+ 0.31+ 0.15) GeV
ATLAS H—ZZ 41  F———| 124.51+ 0.52 ( + 0.52 + 0.04) GeV
= Top-quark mass: huge progress; | owswz | mmiosoesomon
ATLAS+CMS yy == 125.07 +0.29 ( + 0.25 + 0.14) GeV
neW approaCheS tO Overcome ATLAS+CMS 41 ——— 125.15 + 0.40 ( + 0.37 + 0.15) GeV

H ATLAS+CMS 4] = 125.09 +0.24 ( £ 0.21 + 0.11) GeV
theoretical unc. on my,,
123 124 125 126 127 128 129

= (SM prediction +2.5 GeV, My 1GeV]
measurement unc. <0.7 GeV)  cerumm

b hadron lifetime o 178,50 + 1.50 2 2.91 GV Indirect measurements

TOP-12-030 (2013) LEP-1 and SLD (m[) - 80363i0020
Kinematic endpoints 173.90 = 0.90 +170 10GeV
EPJC 73 (2013) 2494 e

NuleV 80.135+0.085

- H I g g S maSS O n |y Iogarithmic R TN CDF upu 9fb™ —e—80.36520.047

Lepton+J/¥
——@—— 173.50 = 3.00 = 0.90 GeV/
TOP-15-014 (2016) ©

dependence, hence not et A S CDF ee9fb’  —en = 80.313£0.027

Dilepton kinematics 171.70 2 1.10 #2685 00 Gev R
important for the fit CDF eevuu 9 b’ e | 80.328+0.024
p '?(I)rl‘?g:es‘u%? (ezg:iﬁtjhed @ 17260 £ 0.7 ¥097 4 GeV Do 10 fb1 80 373+0 024
. ee —— . TU.
%nf‘lstzlog?zaogg 8TeV _o. - . 169.90 = 1.10 #4380 Gev Preliminary
TeV combined: DO+CDF
Doty T TV Preliminary ~J] 80-35%0.018

= W mass: SM prediction at 5 MeV spEe T Drecimessenent

World combination TeV and LEP-2 - 80.385+0.015|

173.34 = 0.27 = 0.71 GeV

Aol | 1400 4427 (201 g | | I | I I
precision, known only to 19 MeV! L=, g 8 801802 803 04 805 805
: m e W-boson mass (GeV/c?
u Here we can galn a Iot! https://twiki.cern.ch/twiki/bin/view/CMS hup://pdg.|b|.gov/2o14/reviev(vs/ )
Public/PhysicsResultsTOPSummaryFigures rpp2014-rev-w-mass.pdf
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Why do we need that”

= So far a “simple” thing: test W hY, HO, A% H*
consistency of the SM m O
W* - w* W
hO,HO

= But electroweak precision
measurements are sensitive to
several new physics scenarios,
e.g. SUSY g rs
= 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]

T T T | T T T | T T T T T T I T T T
Lichtenberg 2016 :

k fitter [s
[] Standard Model Higgs Preliminary
@ Unconstrained SUSY Model

s 8
>
II|III|III|

b bvrr Lo bl

80.34
MSSM Space Direct Higgs Discovery
80.32 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 |
168 170 172 174 176 178
m, [GeV]
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Mass Sensitive

Variables

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

Lepton
Vector Boson
S — Lexawn
= Recoil: sum of _— 1

“everything else” /7 N\ Lepton

reconstructed in the gosue PUEEAAY

calorimeters ag R /;:m, Boson | |

u | N ] LA (WIZ)
a measure of p(W,Z) , ||

= gives us also missing \ -

tra nsverse ene rg y Measured & K ‘ K i Recoil
Hadronic / "y Qo

— — Recaoil N~

i, = > E,, / r—

— mMiss

Pr =_(1_5; +ﬁT)

m, =\|2p.p" (1-cos Ad)
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Mass Sensitive

Variables

= Sensitive final state distributions:
= |epton transverse momentum
P+(l)
= Transverse mass: my
= Missing transverse energy
(“neutrino py”): pymiss

Normalised to unity

Var./Nom.
t
|
}

= Template-Fit approach Pl [GeV]

= Compare to data 002
= Mass determination by ¥?
minimization

= Assume various W boson mass Z o 1of ATLAS Similation Prafiminary Bvomm i
values in MC event generator s o IS eV P WX e
and predict the p(l) , m, ; ooef- E
p;™iss distributions s F E

..... = 3

0.99F : ‘ : : ‘ : : -
60 65 70 75 80 8 90 95 100
m; [GeV]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/
STDM-2014-18/

Var./Nom.
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', Why is this measurement
compllcated”?

.
We ant to achié¥e’a a/'

relat|ve recision of O. 01 %

“Th bosor' is not at rest,
ithtwhich klnema’ucs\s

(Q
the (Joosproduced
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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

= CDF-Experiment: e/mu channel physics and detector modelling

= Only 20% of data-set used
= Calibration: J/Psi, Upsilon, Z = Data-Set: Run 1 (2011)
= 7TeV, 4.6 fb'(e), 4.1 b (u)

= DO-Experiment: e-channel = Mature, well understood data;
= Acceptance up ton<1.0 moderate (but still significant)
= Calibration: Z boson only pile-up

JProf. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 14



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

CT14 NNLO

0.8

= |LHC: Proton-proton collisions
= Heavy quarks become

important in the production 206
= Different production modes of e
W+ and W- g

= / Boson production still
dominated by light quarks

0.2r

0. ; ‘ =—
0001 0003 001 003 01 03 1

http://hep.pa.msu.edu/cteq/puﬁlic/
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Measurements at

the Tevatron

I[Phve Rev NRRK (9013)]

. DO nOt Worry abOUt tables izgzgi energy scale and resolution Hhcertality (Mevg
= These tables have been my life procoil energy cale and resolution 5
Backgrounds 3
for 5 years! BT L 10"
§ 7 2rton distribution functions * - 0 e esses 10|
_ . . QED radiation 4
= Experimental uncertainties pr(W) model____ 5
= CDF: 10 MeV (Lepton Scale, o Y >
Hadronic Recoil) { Totaluncertainty ___________________ 19
= DO: 18 MeV (Lepton Scale)
Source Uncertainty (MeV)
Electron energy.calibration 16
= Physics modelling dominated by Floctron shower modeling i
Electron energy loss model 4
PDFS 1 0'1 1 MeV for bOth Recoil energygs}::ale and resolution 5
Electron efficiencies 2
_Backgrounds _____________________________2
v ! Experimental subtotal :
" PreCISlon aﬂ:er > 1 O years !_?grpitgrl gi_si;cri_b_ul:igtr_l iflln_ct_:ic_)rls ___________________ i_?_:
radiation
= CDF: 19 MeV e S— ;
" DO: 26 Mev 'I;‘Z::Fs;;i:;:zzozfcertainty ;3
W-bosonevent yield ________________________ 13_
1 Total uncertainty 26 |
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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: ﬁ ,(Ei EW QED
o+(Z2)/p+(W), A, ... e ] ) %
= Variation of do/dm modeled \QQ v A
with a Breit-Wigner + EW cor. /:'W\’%’\W\
= do/dp; is modeled with PS MC —— l
= do/dy modeled at NNLO aa N L ’ N b

= A(y,pt) modeled at NNLO

= QCD aspects

= Rapidity, p; distributions; do _(do|(do|(do(p,y) 1 |
angular distributions dpdp, \dm)\ dy dpt  o(y)
= EW aspects ’ (Ei/li(y,pt)f’,.(cosﬁ,fp))

= |SR and FSR QED corrections
Missing higher-order effects

JProf. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 19



Transverse Momentum

(A several years effort)

= Traditional approach: fit predictions to Z data, apply to W
= primordial ky; 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

‘_|_| : IIIIIIIIIIIIIIIIIIIIIIII I T T TrT I T T TrT I I: N 1_03_
'% 0.08F TLAS PreI|m|nary + Data E \b; - ATLAS Simulation Preliminary
O, o7 V8=7TeV, 471" v Pythia 8 4C Tune] © 1.02F (s=7 TeV, pp— W*+X, pp— Z+X
- C PP—Z+X —— Pythia 8 AZ Tunei C
S 0.06F = 1 oiE
> Akl ] -
-g 0.05:— v ‘-g-, E C .
= 0.04F -~ = s = N
0.02E = .
- 3 0.98[- — Pythia 8 AZ Light quarks—»W,Z — cC—Z
0.01E E . bb—Z — cd,cs—W — Total
:IIIII _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 0'970 5 10 15 20 25 30 35 40
p! [GeV] P, * [GeV]
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Transverse Momentum

(A several years eftort)

= 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)

N 1.2 N 1.2¢
Eg ATLAS Simulation Preliminary E; - ATLAS Simulation Preliminary
1.15 . 1.15 )
© Vs=7 TeV, pp— W +X, pp— Z+X © 5; Vs=7 TeV, pp— W +X, pp— Z+X
1.1 115
1.05 1.05F
1 1=
0.95 0.95F-
== Pythia 8 AZ -
09F DyRes 1.0 0.9 = Pythia 8 AZ
0.85F — Resbos 0 85:— —— Powheg MiNLO + Pythia 8
— CuTe " F — Powheg + Pythia 8 AZNLO
0-8||||||||||||||||||||||||||||||||||||||| 08—|||||||,,|,,,,|,,,,|,,,,|,...|....|....
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
W,Z
P, “ [GeV] pY% [GeV]
T
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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

= |Lepton calibration
= momentum calibration using
the Z peak
= efficiency corrections
(reconstruction, identification,
trigger) rederived via tag- and
probe-method in 3 dimensions
hadronic recoil
= Recoil calibration -
= Event activity corrections
= Recolil response calibration
using expected p; balance
between lepton pairs and uy in
/Z events

JProf. Dr. M. Schott (Johannes Gutenberg University, Mainz) Page 24



Muon Momentum and

Efficiency Calibration

= Parameterization of momentum corrections:

MC ,corr

Py = pf x[1+ ap)|x |1+ B, (1) GO.1) py

= Momentum scale and resolution corrections probed using Z—pp events
= Also to correct: Track sagitta bias from rotational detector deformations
= Using W—pv events for overall effect and Z—pp for eta-calibration

3
S B i SNSRI -
2 coo00 ATLAS Preliminary -e-Data o - ATLAS Preliminary -8 Data 3
e s=7TeV, 4.11b" -? ﬂm_ ) » 120 Vs=7TeV, 4.11fb" Wz ve 3
S 50000 []Backgroun 2 100:_ [ ]Background 3
~ c = 3
2 40000 w - i
C - ]
o c 3
5 30000
20000
10000
. - - _ o] F
B 1.058 : o 1.05¢
(0] il — -
DL_ 1: +J_++++LJ 1t E O e ey +. o +‘I‘l‘+J..+ D_ 1;-—'— e T— e
E] T T T T Aol i i L T g = g =
‘s 0.95f e © 0.95p , \ , \ , \ , :
S 80 82 84 8 88 90 92 94 96 98 100 S -2 15 -1 -05 0 05 1 15 2
m, [GeV] n
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Hadronic Recoil

Calibration

= Recoil correction steps
= Step 1: Equalize pile-up multiplicity distribution in data and MC
= Step 2: Correct for residual differences in the 2E; distribution
" removes Uy resolution discrepancy due to imperfect event activity
mis-modeling
= Can be done directly in W events — no extrapolation systematics
= MC based closure test!

x10°_

O
> 1 20 [T T T T T T T T T T T T T ] _.i," - A TLAS S. . . . -
O n . ] c = imulation Preliminar =
& "F ATLASPreliminary » Data E 5 009 oWy ary :
© 100 (s=7Tev, 41167  — Z—u'u- (before corr) — 2 o008k T rownes s ewia 0 E
& - = , 4. ) 5 007 = —4— Powheg + Pythia 8 (p.lv_v rew) =
?’ 80— B Z—u*u (after transform)- 2 TTE —+— Powheg + Pythia 8 (pf’r" rew, U, COIT.J
2] - B T 0.06F P =
= - . £ - =7 T E
= 60 E S 0%F - T E
w - . 0.04F = - =
- T = - - =
401 . 0.03F - - 3
= n = - '9'* E
20— - 0.02 - =
L _ —— - —
o 0'01;‘”””””” . Tes
35 ‘ ——— ‘ ‘ ‘ ' © 1.1¢
9 1.05f++ +" 1 T = 1.05E _U_-r‘-n_'D"‘}
o 1 ‘1 y pess . -H-+H++HH+'H' ++++H+-]_H+‘l:i_ T Thrt ;>_~. 1 m%:%wﬂ:g; N ¥y =y
S 0.95F Tz 1 S 095
= 0 200 400 600 800 1000 1200 1400 GE) 0935 20 T 0 10 20 30
a _
> E, [GeV] T U [GeV]
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A distribution which took

us months

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

= We observed significant

differences to MC

= offset of the interaction point
with respect to the detector
center in the transverse plane

= Non-zero crossing angle
between the proton beams

= ¢-dependent response of the
calorimeters

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

880000E° ATLAS Preliminary s pata
g 70000 Vs =7 TeV, 4.1 fb
"5 60000 B Z—>u*u (after corr.)

& 50000
>

—— Z—u*u- (before corr.

S 105 B I

£ A T e e

~ 095 T 3

[]

< -3 -2 -1 0 1 2 3

- ¢ (u) [rad]

x10°
> I B B B B L L B B BN B =
© I .. ]
@ 199 ATLASPreliminary e Data .
N gof Vs=7TeV, 410" — Z—u"w (before corr.)
® - B z—u*u (after corr.)
C - |
q>_) 60— -
w - ]
20 —

3 2 T T8
S . T A S
o 1E U SR Saniiiee o T T T
S 095 Lo }-d
© -50 -40 -30 -20 -10 0 10 20 30 40 50
a

ut [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 :
| EX p e rl m e n‘tal u n C e rtal nty d U e to Kinematic distribution py  mr ph mr  ph mr 5 mr : py mr :
. . dmy [MeV] | :

Momentum scale 89 93 142 156 274 29.2 111.0 1154! 84 88
muon deteCtor Cal I bratlon On the Momentum resolution 1.8 2.0 19 1.7 15 22 34 3.8 : 1.0 1.2 E

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

10 MeV level

isolation efficiencies 40 36 51 37 47 35 6.4 5.5 : 2.7 22 :
| | n te rmS Of ave rag e aCC U racy Trigger efficiency 56 50 71 50 11.8 9.1 12.1 9.9 ! 41 32
. i ; Total 114 114 169 17.0 304 310 1120 11611 98 9.7 |
on the position resolution, this tozizc
_ 1ol | |7¢| range [0.0,0.6] [0.6,1.2] [1.82,2.4] 1 Combined '
m ean S U m p reC I S I O n ' Kinematic distribution pfr mr pfr mr pfr mr : pfr mr :
dmy [MeV] : |
Energy scale 104 103 10.8 10.1 16.1 17.1 E 8.1 8.0 :
' . Energy resolution 5.0 6.0 7.3 6.7 104 155 3.5 5.5 1
= Not even discussed here: How to Energy lincarity 22 42 55 59 56 106 134 55
. Energy tails 23 33 23 33 23 33 '23 33,
estimate backgrounds Reconstruction efficiency 105 88 99 78 145 1L0 |72 60 !
Identification efficiency 104 77 11.7 88 16.7 12.1 : 73 5.6 ,
[ Trigger and isolation efficiencies 0.2 0.5 03 05 20 22 ;08 09!
We control the background e e " 03 03 03 03 13 13 o1 o1
. . 1
Contrl bUtIOﬂS on a rel ) 5% Ieve” Total 190 17.5 21.1 194 30.7 30.5 :.liLE _ i4;3_:
. Fm————— Y
- Flnal baCkg round related W-boson charge w+ w= :Combined :
. ' Kinematic distribution p% mr pfr mr | p% mr 1
uncertainties P : ;
. () scale factor 02 10 02 10 ;02 10 '
. pT-fIt. 3-5 MeV S correction 09 122 11 102 '10 112 |
. Residual corrections (statistics) 2.0 27 20 27 ;20 27 |
u mT_flt 8—9 Mev (eleC . ) Residual corrections (interpolation) 1.4 31 14 31 :1.4 3.1 :
! Residual corrections (Z — W extrapolation) 0.2 5.8 0.2 4.3 102 51,
u mT—flt: 3-5 MeV (muon) Total 26 142 27 118 126 130
1
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Control Distributions

non my, 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
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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

s 10471 [ L B L s 17 [ L UL RN
a - ATLAS Preliminary = : 3 ATLAS Preliminary i .
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W-Mass Distributions:

Electrons

C o .
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W-Mass Distributions:

Muons

= Very good 10
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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
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my, Fit Results in

Various Categories

— 80700 — 80700
> - Ap, (W%  [JStat. Unc. > E Ap (W ") [Stat. Unc.
2 80650:—? LAS Pre"m':‘ary Vol(W) —Total Unc. 2 80650:—‘/{ LAS Pre"m'?ary Vp(W) —Total Unc.
— - =7TeV,46fb A m. (W% [JStat. Unc. — - =7TeV, 41 fb A m. (W% [JStat. Unc.
E§80600 E_ ! | v m:( W7 —Total Unc. E§80600 E_ ! ! v m:( W") —Total Unc.
80550 :_W | — Comb Fit [ITotal Unc. 80550 :_W ~uw | — Comb Fit [1Total Unc.
80500F- | 80500F- | |
80450F | 80450F * | | +
80400 [ ! | 80400 | * 1y
80350 —+ *# - + * A 80350 —+ - +_ _+ o 'y
803001 | * + 803005 | | Ty
80250F | | | 80250F | |
80200E : : : 80200E - - -
0.0<Inll<0.6 O.6<Inll<1 2 1 .8<Inll<2.4 0.0<hq||<0.8 O.8<Inll<1 4 1 .4<Inll<2.0 2.0<hq||<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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Testing stabillity for

different Fit-Ranges

35<p, <45 GeV " 67 <m; <98 GeV

ATLASPreliminary ATLASPreliminary

L@
zi : E: : :z z:z Vs=7TeV, 4.1-4.6 fb” _-:—_ :2 : :: : zz 2:// \s=7TeV, 4.1-4.6 fb

30<p <45GeV |Optimalm_fitrange o 65<m <%0GeV |Optimalp_fit-range o
30 <p <46 GeV —— 65 <m; <94 GeV

30<p <49 GeV —g— 65 <m; <97 GeV

31<p <49 GeV —0— 65 <m; <100 GeV

31 <p. <50 GeV e m, (Varied pT-Fit Range) PS 70 <m. <90 GeV e m, (Varied mT-Fit Range) o
T = Uncor. Stat. Uncertainty T = Uncor. Stat. Uncertainty
32<p <50 GeV — Full Uncor. Uncertainty —— 70 <m; <93 GeV — Full Uncor. Uncertainty
—m,, (Full Comb.) - o— —m,, (Full Comb.)
Stat. Uncertainty Stat. Uncertainty
..._

35< p, < 50 GeV Full Uncertainty 70 <m, < 100 GeV Full Uncertainty
P T SR R T P H R SR R A
-80 -60 -40 -20 0 20 40 -80 -60 -40 -20 0 20 40
A m,, [MeV] A m,, [MeV]

34<pT<50 GeV 70 <m; <97 GeV

= The fitting ranges have been optimized on MC predictions for reducing
overall systematic uncertainty

= Stability of fit-results was studied, taking into account (de-)correlations
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my, Fit Results in Various

Combinations

pl-r’ W+% |+'v T T T | T T T | T T T | T T T | T T | T T T T T T |' Irrll I(Pla.rltialI Clorlnbll) Combination Wei ht
pL, W—Tv ATLAS Preliminary - - St\gt. Uncertainty Eloct 0 4?7

| W [ _ -1 — Full Uncertainty eciromns .

Pp W= | Vs=7TeV, 4.1-46f7 — . — my, (Full Comb.) Muons 0.573
my, Wi—Tv r Stat. Uncertainty

my, W— Iy ° Full Uncertainty ”ZT 0.144
e W L. o 0.856
pLW—ev | — ——— %7 0.519
mpWeeev | e L v 0.481
p'T W*— u*v o—
mWes sy | e *— Nobody cares about
my-pl, W= Iy — S your method. People
Me-pl, W Iv ] remember only your
mTpTW——>Iv | | [ | | | lasi ber!

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460 ast numoer.
m, [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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Comparison to previous measurements

and the Global Electroweak Fit

= Good news: New measurement
reaches precision of CDF and is
now the world leading
measurement

= Bad news: We are even more
Standard Model ...

T -
805 ATLAS

T T
—— m,, =80.370 £ 0.019 GeV

>
m -
S " Preliminary Bl m =17284:070GeV -
E§ ----- m, = 125.09 = 0.24 GeV
80.45- i 68/95% CL of m,, and m .
80.4F ]

I O o7 1 .
80.35F . -
80.3 o s 68195% CL of Electroweal

F Fit w/o m,, and m, ]

o (Eur. Phys. J. C 74 (2014) 3046) |

ey, ey ]
8025—""4gs 170 175 180 185

m, [GeV]
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Outlook

L HC CMS Preiiminary Is=7Tev (4.7b")

https://cds.cern.ch/record/2139655 [] maive.pg PoS
z Rz

— Total unc.

CMS will hopefully also publish
soon a‘measurement
ATLAS still has data-sets of
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2 Summary
i'-" 1 ‘~;~
o v = Five years effort from a large team and the
g Y SHAE full collaboration comes to an end

T - = Many important discussions with

colleagues from Theory and CMS

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

= Need some “break-through” in the MC
event generator developments
= We have quite some ideas to improve
the achieved precision significantly!




