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Motivation
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% W boson mass is fundamental parameter of the Standard Model which is particularly
sensitive to top and Higgs bosons’ masses

% The measurement of the W boson mass provides a consistency test of the Standard
Model and a probe of Beyond Standard Model physics

% The Standard Model prediction (arXiv:1608.01509): 80.360+£0.008 GeV
The world average experimental measurement: 80.38520.015 GeV
Improvement of W mass measurement allows to challenge the SM prediction
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Measurement Strategy
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% Create Monte Carlo templates with different W mass values by re-weighting. Then
perform Monte Carlo template fit to data with x2 minimisation to extract mass in data.

% Sensitive final state distributions: pt', mt, pt™ss are tested.
(pt™ss is only used as a cross check)
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Measurement Strategy
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Fits performed in categories to enhance the fit sensitivity

= electron / muon decays (different detector effect)

+ p7 fit / mr fit (different detector effect)

« positive / negative lepton charges (different impact of physics modelling uncertainties)

« different lepton pseudorapidity |n| ranges (different impact of physics modelling
uncertainties)

% A blinding offset of W mass was applied throughout the measurement and removed
when consistent results were found.
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Event

Selection

ATLAS 7TeV datasets in 2011

Ele

Mu

Re

ctron channel selection

In| < 2.4

(exclude 1.2 <|n| < 1.82

due to large amount of passive material)
pt > 30 GeV

Isolation requirements

5.89%10° W-boson candidates,
0.58x10% Z boson candidates

4.6 fb~! of integrated luminosity

on channel selection

In| < 2.4 and pt > 30 GeV
Isolation requirements
7.84x10% W-boson candidates,
1.23%x10° Z boson candidates
4.1 fb~1 of integrated luminosity

(some data discarded due to a timing problem in the resistive plate chambers)

coil

Vector sum of the transverse energy of all clusters measured in the calorimeters

(range |n| < 4.9)
ut<30 GeV, mt>60 GeV

Tai-Hua Lin, Johannes Gutenberg-Universitat Mainz




Detector Calibration - Leptons

% Calibration of detector response to electrons and muons by using Z boson decays
*# momentum / energy scale and resolution
=  selection efficiencies

% Momentum calibration by using the Z peak
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Detector Calibration - Recoll

s Calibration of recoil
event activity correction hadronic recoil
recoil response calibration T
using expected pr balance between lepton pairs
and ut in Z boson decay events
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Detector Calibration - Recoll

Events / 2 GeV

Data / Pred.

140X'1'0'3'I""I""I""I T L B LB T > >—<'1'Q3'|""I'"'I""I""I""I""I """" L
= D 1 o . D :
- ATLAS ¢ Daa 1 & 120F ATLAS 1 t =
120— 7 TeV. 4.1 i — Z—p* - (before corr.) — o - \s=7TeV,4.11b — Z—u*u (before corr.) -
100 = \s=7Te B Z-u*p- (aftercorr) 3 ~ 100 B Z-ptu- (after corr)
- — (7)) - —
80F- 3 3 80 B
N . > — .
60F 54 M 6o E
40F = 401 -
201 - 205 pu
........ b AT ) ]
1.05 oy ¥ 3
1351- -|-+ ++++++++4¢¢+WM#¢1¢$I¢++:H g o
11 L] P o A —
50 40 30 20 40 0 10 20 30 40 50 &
ut+p! [Gev] O u; [GeV]
W-boson charge W+ W= Combined
Kinematic distribution pr mr pgr mr pfr mr
omw [MeV] Calibration
() scale factor 02 1.0 0.2 10 §0.2 1.0 uncertainties
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Physics Modelling

¢ No available generator describes all observed distribution
— choose extensive re-weighting approach

 with higher order QCD effects
+  with electroweak corrections

* Re-weighted baseline MC (Powheg + Pythia 8) to more precise model
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Physics Modelling

¢ The theoretical description of the angular coefficient Ai are not described well by ResBos
at NLO for fixed-order and resummed calculations but satisfactorily by DYNNLO

% Hadronic recoil parameter u)|' is sensitive to the Wpr
DyRes and MINLO do not describe data well, therefore not used
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Results in Measurement Categories

Channel mw Stat. Muon Elec. Recoil Bckg. QCD EWK PDF | Total
mrp-Fit [MeV] | Unc. Unc. Unc. Unc.
W+ — pv,|n| <0.8 80371.3 | 29.2 12.4 0.0 8.1
W+ = u,08 < |n| < 1.4 | 80354.1 | 32.1 193 0.0 6.8
W+ — v, 1.4 < || <2.0 | 804263 | 302 351 0.0 7.2
W+ — u,2.0 < || < 2.4 | 80334.6 | 40.9 1124 0.0 9.0
W= — uv,|n| <0.8 80375.5 | 30.6 11.6 0.0 8.9
W= — u,0.8 < |n| < 1.4 | 804175 | 364 185 0.0 7.7
W= — v, 1.4 < |n| <2.0 | 80379.4 | 356 339 0.0 8.1
W= = uv,2.0 < |n| <24 | 80334.2 | 52.4  123.7 0.0 10.2
W = ev, ] < 0.6 80352.9 | 204 0.0 195 15.3
W+ s er,0.6 < |n| <1.2 | 803815 | 304 0.0  21.4 13.2
W+ e, 1,8 < || <24 | 80352.4 | 324 0.0  26.6 32.8
W= — ev, ] < 0.6 804158 | 31.3 0.0 164 15.5
W= —er,0.6 <|n <1.2 | 80297.5 | 33.0 0.0 18.7 12.8
W- = e, 1.8 < || < 2.4 | 80423.8 | 428 0.0  33.2 35.1

pT-Fit
W = v, ] < 0.8 80327.7 [ 221 | 122 | 0.0 2.6 5.1
W+ — ur,0.8 < |n| < 1.4 | 80357.3 | 25.1 | 19.1 0.0 2.5 4.7
W+ — v, 1.4 < |n| < 2.0 | 80446.9 | 23.9 | 33.1 0.0 2.5 4.9
Wt — u,2.0 < |n| < 2.4 | 80334.1 | 34.5 [110.1| 0.0 2.5 6.4
W~ = v, |n] < 0.8 804278 | 233 | 11.6 | 0.0 2.6 5.8
W= — uv,0.8 < |n| < 1.4 | 80395.6 | 27.9 | 18.3 0.0 2.5 5.6
W= = uv, 1.4 < |n| < 2.0 | 80380.6 | 28.1 | 35.2 0.0 2.6 5.6
W~ — ur,2.0 < |p| <24 | 80315.2 | 455 [116.11_0.0 2.6 7.6
W+ —ev,|n <0.6 80336.5 | 22.2 0.0 20.1 2.5 6.4
W+ = er,06<|n <1.2 | 80345.8 | 228 0.0 | 214 26 6.7
Wt —erv, 1,8 <|n| <24 | 80344.7 | 24.0 0.0 30.8 2.6 11.9
W~ —ev,|n[ <06 80351.0 | 23.1 0.0 | 19.8| 26 7.2
W= = er,0.6 <|n| < 1.2 | 80309.8 | 24.9 0.0 19.7 2.7 7.3
W~ > er,1.8 <y <24 | 804134 | 30.1 0.0 | 307, 27 115

In| comb e - ~15 MeV Strongly Strongly In| comb. - ~14 MeV
u - ~11 MeV correlated correlated W+/W- comb - ~8 MeV

Fit ranges : 32<p./<45 GeV, 66<m._<99 GeV, minimizing total expected measurement uncertainty
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Results in Measurement Categories
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Final Combined Results

< LI LA T T T T ! |
% B ATLAS — m,, =80.370 £ 0.019 GeV - ATLAS ® m,
O, 80.5— Bl M -172.84+0.70GeV = Stat. Uncertainty
EE - - my, =125.09 £ 0.24 GeV - — Full Uncertainty
80.45+ we 68/95% CL of m,,, and m, —
B - Nl LEP Comb. @-8037633 MeV
80.4— . Tevatron Comb. Py 80387+16 MeV
80.35} 4 LEP+Tevatron @-80385-15 MeV
80 3 . s 68/95% CL of Electroweak|  ATLAS @02 E I MY
- :;—Eit “llj/f? n?JWCan(? o ) ) i 80356+8 MeV
— ur. Phys. J. C 74 (2014) 3046) Electroweak Fit +8 Me
80.25 B 1 1 1 l 1 | 1 1 l 1 | 1 l | 1 1 1 l | 1 1 1 I 1 i l | l l
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m, [GeV] m,, [MeV]
my = 80369.5 + 6.8 MeV(stat.) + 10.6 MeV(exp. syst.) + 13.6 MeV(mod. syst.)

= 80369.5 + 18.5 MeV |

¢ Final uncertainty dominated by physics modelling uncertainties
* e.g. PDF uncertainty in fixed order prediction - 8 MeV on p7' fit
*+ parton shower factorisation scale - 5 MeV

% ATLAS result competitive with previous measurements and consistent with SM
prediction
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W+ W- Mass Difference

Auxiliary measurement: Mass difference between W+ and W-
(zero difference in the SM)

mwy+ —my- = -—29.2+ 12.8 MeV(stat.) +7.0 MeV(exp. syst.) = 23.9 MeV(mod. syst.)
= -29.2 +28.0 MeV,

Same measurement methodology but mass difference was not blinded

Channel mwy+ —mw- | Stat. Muon Elec. Recoill Bckg. QCD EW | PDF || Total
[MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. | Unc. || Unc.

W — ey -29.7 175 0.0 49 0.9 54 05 00 | 241} 30.7
W — pv -28.6 163 11.7 0.0 1.1 50 04 00 | 260 332
Combined -29.2 12.8 33 41 1.0 4.5 04 0.0 |239| 280
PDF uncertainties anti-correlated between \_/
W*and W~
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Conclusion

Y

% First W-boson mass
measurement at the LHC

T I T T T T I T T T T I T ]
—m, =80.370 £ 0.019 GeV -

3 80-5f—|“ITLAS B - 172644070 GeV

% Consistent and competitive with s o s oL my i

previous measurements s04- :
80.351

* In agreement with prediction soap 5 e

from global electroweak fit 3025tz '1;5@7TWTQWEQV]

* arXiv:1701.07240
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Backup Results in Measurement Categories

Combined Value | Stat. Muon Elec. Recoil Bckg. QCD EW PDF Total | x?/dof
categories [MeV] | Unc.  Unc. Unec. Unc. Unc. Unc. Unc. Unc. Unc. | of Comb.
mr, W, e-p 80370.0 | 12.3 8.3 6.7 145 9.7 94 34 169 309 2/6
mr, W™, e-ji 80381.1 | 13.9 8.8 6.6 11.8  10.2 9.7 34 162 305 7/6
mr, W*, e 80375.7 | 9.6 7.8 5.5 13.0 8.3 96 34 102 251 | 11/13
p5, Wt e-p 80352.0 | 9.6 6.5 8.4 2.5 52 83 57 145 235 5/6
P, W=, e-pu 80383.4 | 10.8 70 8.1 2.5 6.1 8.1 5.7 135 23.6 10/6
p5, WE, e 80369.4 | 7.2 6.3 6.7 2.5 46 83 57 90 187 | 19/13
P, W e 80347.2 9.9 0.0 14.8 2.6 5.7 82 53 89 231 4/5
mr, W+, e 80364.6 | 13.5 0.0 14.4 13.2  12.8 9.5 34 102 308 8/5
mr-ps, W, e 80345.4 | 11.7 0.0 16.0 3.8 7.4 83 5.0 137 274 1/5
mr-ps, W™, e 80359.4 | 12.9 0.0 15.1 3.9 8.5 8.4 49 134 276 8/5
mr-ps, W*, e 80349.8 9.0 0.0 14.7 3.3 6.1 83 5.1 9.0 229 12/11
ps, W, 80382.3 | 10.1  10.7 0.0 2.5 3.9 8.4 6.0 107 214 7/7
mr, W, 1 80381.5 | 13.0 11.6 0.0 13.0 6.0 96 3.4 11.2 272 3/7
mr-po, WH, o p | 80364.1 | 114 124 0.0 4.0 4.7 8.8 54 176  27.2 5/7
mr-pe, W=, | 80398.6 | 12.0  13.0 0.0 4.1 5.7 84 53 168 274 3/7
mr-pe, WE, | 80382.0 | 86 107 0.0 3.7 4.3 8.6 54 109 21.0| 10/15
mr-ph, W, e-p | 80352.7 | 8.9 6.6 8.2 3.1 5.5 8.4 54 146 234 7/13
mr-po, W=, e-p | 80383.6 | 9.7 72 7.8 3.3 6.6 83 53 136 234 | 15/13
mr-p, WE, e-u | 80369.5 | 6.8 66 64 2.9 4.5 83 55 92 185 | 29/27
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Backup

% Samples of inclusive vector-boson production are produced using the Powheg MC generator interfaced to Pythia 8
EW Corrections

.
7Ny

=
IS

7

% QED final-state radiation simulated with Photos (dominant correction)

% The effect of QED initial-state radiation (ISR) is also included through the Pythia 8 parton shower.
% The effect of NLO EW corrections are estimated using Winhac

A
>

Rapidity distribution and angular coefficients

# do(y)/dy, and the angular coefficients, Ai, are modelled with fixed-order pQCD predictions, at O(a?s ) and using the
CT10nnlo PDF set

# An optimised version of DYNNLO is used
Transverse momentum distribution
¢ Modelled with Pythia 8

%t QCD parameters used in Pythia 8 were determined from fits to the Z-boson transverse momentum distribution
measured with the ATLAS detector at a centre-of-mass energy of Vs = 7 TeV (AZ tune)

NA

s

Decay channel W — e W = pv W -hoson charge W W Combined
Kinematic distribution p :I me p{’r mr Kincemaltic distribution P Py ey PR g

Sy [MeV|
dmp [ McV] Fixcd-order PDF uncertainty 131 119 120 112 80 &7
\ - - AZ tune 30 34 30 34 30 34

, O < < < < )

FSR (Ieal.'l ) - “1 = (]]‘ ™ 01‘ < 0.1 Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
PPurc weak and II'l corrections 3.3 2.5 3.9 2.5 Parton shower jip with heavv-flavour decorrelation 5.0 6.9 50 69 50 6.9
g hair production) 3.6 0.8 4. 0.8 Parton shower PDF uncertainty 36 40 26 24 10 L6
F5R (I- Aall’ pIe ductic 1) 3.6 - 4.4 - Angular coefficients 58 53 58 53 58 53
Tolal 1.9 2.6 5.6 2.6 Total 159 181 118 17.2 116 129
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Backup
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do

dpz dydmdcos 6d¢

+

4

3 do
167 dp% dy dm

1
x [(1 + cos? ) + Ag 5(1 — 3 cos’ 6)

1
A sin26cos¢ + Aj > sin2000s2¢ + A3 sinfcos¢ + A4 cosf

As sin® 0sin 2¢ + Ag sin 20sin ¢ + A7 sin 6 sin @]. 3)

The angular coefficients depend in general on pt, y and m. The As—A7 coeflicients are non-zero only
at order O(a?) and above. They are small in the pt region relevant for the present analysis, and are not
considered further. The angles 6 and ¢ are defined in the Collins—Soper (CS) frame [82].
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