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What is the W boson?

It is an elementary charged particle that carries the weak force.

Example: radioactive p-decay Weinberg - Glashow - Salam

Neutral Cu rrent Charg ed Cu rrent The Nobel Prize in Physics 1979 was awarded jointly to
Sheldon Lee Glashow, Abdus Salam and Steven Weinberg
> 7 "for their contributions to the theory of the unified weak

and electromagnetic interaction between elementary
Ve - particles, including, inter alia, the prediction of the weak

Ve neutral current”.
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Discovery of the W boson

The W boson was discovered by the UA1 and UA2 experiments at the SPS at
CERN Vs=540 GeV (world’s first proton-antiproton collider) in 1983.

On the 20th of January 1983, 6 candidate W events were published by UA1 and 5
days later, 4 candidate W events were published by UA2.

https://www.sciencedirect.com/science/article/pii/0370269383911772
httos //www smencedwect com/science/article/pii/0370269383916052

The Nobel Prize in Physics 1984

Carlo Rubbia, Simon van der Meer

The Nobel Prize in Physics 1984 was awarded
jointly to Carlo Rubbia and Simon van der Meer
"for their decisive contributions to the large
project, which led to the discovery of the field
particles W and Z, communicators of weak
interaction"

Carlo Rubbia, who had and developed the
idea, and Simon Van der Meer, whose
invention made it feasible.

7 Nice video: https://videos.cern.ch/
L - -f record/1004828




Higgs discovery: another success of the SM

Seminar 4 July 2012

Huge step in our understanding of Particle Physics:
recent discovery of the Higgs boson
at the LHC by the ATLAS and CMS experiments

Phys. Lett. B 716 (2012) 1-29
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SM puzzle completed, but many open
guestions (mass hierarchy, baryon
asymmetry, dark matter... ) remain

without answers
—> Search for Beyond the SM

The Nobel Prize in Physics 2013 was awarded
jointly to Francois Englert and Peter W. Higgs
"for the theoretical discovery of a mechanism
that contributes to our understanding of the
origin of mass of subatomic particles, and
which recently was confirmed through the
discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at
CERN's Large Hadron Collider"



Beyond the Standard Model

Direct searches: huge numbers of new results from the LHC - astonishing
gnificant signals - updated limits. More still to come with future

achievement. No si
data.

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: March 2017

ATLAS Preliminary
Vs=7,8,13TeV

phenomena is shown. Many of the limits are based on
simplified models, c.1. refs. for the assumptions made.

Indirect searches: precision measurements in EW sector (Higgs couplings, sin26w,

mw.

Model emT,Y Jets Ep [ranm™) Mass limit Vi=7,8Tev [Vi=13TeV. Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 203 1.85 TeV. m(g)=m(z) 1507.05525
4, §-a¥ 0 26jets  Yes  36.1 m(¥)<200 GeV, m(1* gen. g)=m(2* gen. q) ATLAS-CONF-2017-022
43, §-4¥) (compressed) monodet  13jets  Yes 32 m(gFm(if)<5 Gev. 1604.07773
28, Bqas 6jets  Yes  36.1 m(E})<200 GeV ATLAS-CONF-2017-022
22, 3-qa¥; —gqWE) 0 26jets  Yes 361 miE)<200 GoV, m(F*)=0.5(m(E}) sm(z) ATLAS-CONF-2017-022
i -ga(Cl )t 3en 4jpts - 132 mi)<400 GeV ATLAS-CONF-2016-037
. G-24qW. 26u(SS) 03jots  Yes 132 () <500Gev ATLAS-CONF-2016-037
¢ GMSB (? NLSP) 1274016 O2jets  Yes 32 1607.05979
GGM (bino NLSP) 2y - Yes 32 Cr(NLSP)<0.1 mm 1606.09150
GGM (higgsino-bino NLSP) k4 1b Yes 203 m(E?)<950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
= GGM(higgsino-bino NLSP) k4 2jets  Yes 133 m(¥)>680 GV, cr(NLSP)<0.1mm, >0 ATLAS-CONF-2016-066.
GGM (higgsino NLSP) 2eu(2) 2jets  Yes 203 m(NLSP)>430GeV 1503.03290
Gravitino LSP 0 monojet Yes 203 MG)>18 10 oV, m(z)=m(@)=1.5ToV 150201518
§T i z-ovbt) 0 36 Yes 361 m(i)<600GeV ATLAS-CONF-2017-021
E 3. 3y, Olen 3b Yes 361 miE})<200Gov ATLAS-CONF-2017-021
Tme & z-biki 0-1ep 3b  Yes 201 137 TeV m(i)<300 GeV 1407.0600
biby, by—sb¥} 0 2b Yes 3,2 mE})<100GoV 160608772
§ biby, by alX| 26u(SS)  1b b | 325:685GeV m(E})<150 GeV, m(¥{ )= m(i1)+100 GeV. ATLAS-CONF-2016-037
Ty, RabEE 02eu  12b Yas 4 m 3 T, 117170 Gev [ 200720 GeV! ) = 2m(EY), mE})=55 GV 12092102, ATLAS-CONF 2016.077
iy, W or 7] 02e,u 02jots/12b Yes i 90-198 GeV m(#)=1 Gov 1506.08616, ATLAS-CONF-2017-020
i ek 0 monoet  Yes 32 i) miFh=5 Ge) 1604.07773
2eu(?)  1b  Yes 203 m(E)>150GoV 1400.5222
5 g Beul2) 15 Yes  36.1 mi) ATLAS-CONF-2017-019
12eu  4b  Yes 361 ATLAS-CONF-2017-019
fr 2en o Yes 203 mie 1403.5294
bit 2eu 0 Yes 133 MUE)=0GoV, m(Z, )-0.5(m(§7)smiEl) ATLAS-GONF-2016-096.
i, 27 - Yes 148 m(¥})=0 GeV, m(, $=0. E(m{ﬂkm(ﬂ)) ATLAS-CONF-2016-093
= ¥ A)JLVILJ(M 5l Ev) 3eu 0 Yes 133 -0, m(E, 7)=0.5(m(E{ )sm(i)) ATLAS-CONF-2016-096
L 4 28eu  O2jets  Yes 203 | K, GeV. om‘ m@)=0, Zﬂmwm 14035294, 1402.7029
¥ J«wxﬁhxh. BB WWrtlyy €l 026 Yes 203 |Eeh 270 GeV mE})-0, Z decoupled 160107110
pese —lpl dep 0 Yes 203 2‘,, 635 GeV' mw).mw“; mwy.a m(Z,7)=0. S(mo?)%m(X")) 1405.5086
CoM (o NLSP) weakprod,  Tesiey - Yes 203 |w 115:370 GeV 160705493
GGM (bino NLSP) weak prod. 2y - Yes 203 |W 590 GeV. T 150705493
Direct ¥; pmd long-| IrvadX. Disapp. trk 1 jet Yes 361 m{F }m(E)~160 MeV, 7(¥1)=02 ns ATLAS-CONF-2017-017
Direct ¥1¥; prod., long-lived ¥  dE/dx trk - Yes 184 |% 495 GeV mE )-m(E?)~160 MeV, (¥} )<15 ns 1506.05332
E Stable, stopped § R-hadron 0 15jets  Yes 279 |[& GeV m(F)=100 GeV, 10 ps<r()<1000's 13106584
E Stable g R-hadron trk - - 32 1606.05129
& Metastable  R-hadron dE/dck - - 32 m(E#)+100 GoV, 7>10 ns 1604.04520
g GMSB, stable 7, ¥ —+7(@, i)+r(e,) 124 - -1 R 537 GeV. 10<tang<50 14116795
GMSB, ¥ -G, long-lived ¥} 2y - Yes 203 |8 440 GeV. 1<r(#)<3 ns, SPS8 model 14005542
& x?_.m ey /v displ. ee/ep/up - - 203 |@ 1.0 TeV 7 <cr(®)< 740 mm, m(z)=1.3TeV 1504.05162
GGM 22, ¥ ~2G displ. vix +jets - - ws |@ 1.0TeV. 6 <cr(¥1)< 480 mm, m(§)=1.1 TeV. 1504.05162
LV pp—svc + X, Fooeufer/ur  eperit - - 32 5,011, diy=0.07 1607.08079
ar RPV CMSSM 2e,u(SS) 03b Yes 203 m(@)=m(g), crisp<1 mm 1404.2500
it «wx“ x“-.m w4 - Yes 133 m{E})>400GeV, 4124#0 (k = 1,2) ATLAS-CONF-2016-075.
, T oWR W otrve,ery,  3en+T - Yes 203 mEED)>0.2xm(¥}), 413340 5086
E 0 45largeRjets - 148 BR()=BR(5)=BR(c)=0% ATLAS-CONF-2016-057
o< 0 45largeRjets - 148 m(E!)=800 GeV ATLAS-CONF-2016-057
Teu 810jets/0-4b - 36.1 mEE)= 1 TeV, 411240 ATLAS-CONF-2017-013
Teu 810jetsi04b - 361 m(i)= 1 ToV, Auy k0 ATLAS-CONF-2017-013
0 2ets+2h - 154 450510 Gev ATLAS-CONF-2016-022, ATLAS-CONF-2016.084
2ep 2b - 203 i 0.4-1.0 TeV BRI, ~+be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, -} ) 2¢  Yes 203 | z 510 GeV/ miE})<200GeV 1501.01325
1
*Only a selection of the available mass limits on new states or = 1
10 Mass scale [TeV]

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

107t

10 Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specitied only when explicitly not excluded.
#Small-radius (large-radius) jets are denoted by the letter j (J)

Stalus: August 2016 JLdt=(32-203)fo V5=8,13TeV
Model £y Jetst EX™ [ram~) Limit Reference
T

ADD Gk +g/q - z1j Yes 32 6.58 TeV/ n=2 1604.07773
/ADD non-resonant £ 2ep - - 203 n—3HLZ 1407.2410
ADD QBH — {q Tep 1j - 203 n=6 1311.2006
ADD QBH - 2j - 157 8.7 TeV n—=6 ATLAS-CONF-2016-069
ADD BH high ¥, p 2leu >2j - 32 8.2TeV n—6, Mp — 3 TeV, rot BH 265
ADD BH multijet - =3j - 36 955TeV. n—6 Mp —3TeV,rotBH 1512.02586
RS1 G — (€ 2ep - - 203 KTy = 1405.4123
RS1 Gk — yy 2y - - 32 W 1606.03833
Bk RS Gix — WW - qqlv Tep 19 Yes 132 ATLAS.CONF-2016.062
Bulk RS Gkkx — HH — bbbb - 4b - 133 ATLAS-CONF-2016-049
Bulk RS g — tt leu z1b=1J2) Yes 203 925 1505.07018
2UED / RPP Teu =2b24] Yes 32 Tier (1,1), BRIA® — tt) = 1 ATLAS-CONF-2016-013
SSM Z' — (t 2ep - - 133 ATLAS-CONF-2016-045
SSM Z' — 77 27 - - 195 1502.07177
Leptophobic Z' — bb - 2b - 32 1.5TeV 1603.08791
SSM W' — £y Tepn - Yes 133 4.74 TeV ATLAS-CONF-2016-061
HVT W’ — WZ - ggvvmodel A O e,y 14 Yes 132 24TeV a1 ATLAS-CONF-2016-082
HVT W’ — WZ — qqqq model B - - 155 3.0 8v=3 ATLAS-CONF-2016-055
HVT V' — WH/ZH model B multi-channel 32 2.31 TeV. &v -3 1607.05621
LRSM W}, — tb ep 2b0-1] Yes 203 14104103
LRSM W}, — tb Oep  21b1J - 203 1408.0886
Clgqqq - 2j - 15.7 19.9TeV nu— -1 ATLAS-CONF-2016-069
Clttqq 2epu - - 32 252TeV i — 1607.03669
Cl uutt 2(SS)/=8eu =1b,21] Yes 203 |Crrrl = 1504.04605
Axial-vector mediator (Dirac DM) 0 e, 21j Yes 32 £:-025, 1.0, m(y) < 250 GeV 160407773
Axial-vector mediator (Dirac DM) O e, 1y 1j Yes 32 8,=025,£,=1.0, m(x) < 150 GeV 1604.01306
ZZyx EFT (Dirac DM} Oeu 1J,€1]  Yes 32 m(x) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1% gen 2e 22 - 32 p=1 1605.06035
Scalar LQ 2™ gen 2p =2j - 32 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen Teu 21b.23] Yes 203 B-0 1508.04735
VLQTT = Ht+ X tepu =22b23] Yes 203 Tin (T.B) doublet. 1505.04306
VLQ YY — Wb + X Tep 21b23) Yes 203 Yin (B.Y) doublet 1505.04308
VLQ BB — Hb+ X leu =2b23] Yes 203 isospin singlet 1505.04306
VLA BB — Zb+ X 2/28e,u  z2021b - 203 Bin (B.Y) doublet 14095500
VLA QQ — WqWq Teu Yes 203 1509.04261
VLQ Tsy3 Tz — WieWe 2(SS)/28 e 21 b =1 Yes 32 ATLAS-CONF-2016-032
Excited quark ¢* — qy 1y 1] - 32 only u” and d". 1512.05910
Excited quark q* — qg - 2j - 157 only u* and d*, A = m(q") ATLAS-CONF-2016-069
Excited quark b* — bg - 1b1j - 88 ATLAS-CONF-2016-060
Excited quark b* — Wt lor2eu 1b,20] Yes 203 1510.02664
Excited lepton ¢* Beq - - 203 1411.2921
Excited lepton v BepT - - 203 A=16TeV 14112021
LSTC ar - Wy Teudy - Yes 203 14078150
LRSM Majorana v 2en 2j - 203 m(We) — 2.4 TeV, no mixing 1506.06020
Higgs triplet H*" — ee 2e(SS) - - 139 570 GeV DY production, BR(H;* — ee)=1 | ATLAS.CONF-2016.051
Higgs triplet H=* — (r 3eur - - 203 DY production, BR(H;* — ¢r)=1 1411.2021
Monotop (non-res prod) Tep 1b Yes 203 Fnon-res = 14105404
Multi-charged particles - - - 203 DY production, [g| = 5e 1504.04188
Magnetic monopoles - - 7.0 DY production, |g] = 180, spin 1/2 1509.08059



W-boson mass

In the electroweak sector of the SM, the W mass " N
at the tree level: Sy
m2 ( "I?W) T b
'w 2 H
m; V2G
Z F 7 "12W ra w | \W
at the loop level: my (1-—-|= (1+Ar) s VUK \
ms \/_GF

In SM, Ar reflects loop correctlons and depends on mt2 and Ian

The relatlon MW, m,, and MH provides strmgent test of the SM and is sensmve to NP i

.U

JHEP12(201 3)084
; [ T I T T T T | T T T T | T f : " T ‘N(I)rld |corrl]b L 1 T T T ’l,_ 80.60 l T T T I T T T ] T | A I T | BREE | ‘ T T T ] F 3
o o [ o — L ’
3 ~ 68% and 95% CL contours HE ™ m, =173.34 GeV . experimental errors 68% CL:
= 80.5 — Il fitw/o M, and m, measurements L] -- 5=076GeV — LEP2/Tevatron: today MSSM
Z fitw/o M, m and M_ measurements | :| — o =076 ®050, e
= C w> H Ik . ] HiggsBounds
LB direct M, and m, measurements - I
80.45 — — allowed
L n 80.50 |- .
80.4 %
B LA ... e g
- My, world comb. +1c — 23
80.35 — M, =80.385 + 0.015 GeV — 80.40
80.3 - —
F ] :
80.25 __ @Q\//??'/’ G ﬁtter % : 8030 _SM MH = 1256 £ 07 GeV MSSM, HB allowed
e ¥ | | - i SM, MSSM:] |
140 150 160 170 180 190 i | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1
m, [GeV] 168 170 172 174 176 178
m, [GeV]

6



nggs mass Phys. Lett. B 784 (2018) 345

Status of the measurements

T T T T T '
ATLAS '-°-'Total " Stat, onIy
Run 1: Vs =7-8 TeV, 25 fb”, Run 2: s = 13 TeV, 36.1 fb” Total  (Stat. only)
Run 1 H—4l —_—— 124.51+ 0.52 ( = 0.52) GeV
Run1H—yy | H———  126.02 = 0.51 (= 0.43) GeV
Run 2 H—4] — 124.79 = 0.37 ( = 0.36) GeV
Run2 H—yy -—-l—c 124.93 = 0.40 (= 0.21) GeV
| Runte2H—4l = 124712030 (=0.30) GeV
Run 142 H—yy e 125.32 + 0.35 (= 0.19) GeV
| RuntCombined = t—e— 12538 + 041 (=037)GeV
Run 2 Combined —— 124.86 + 0.27 ( = 0.18) GeV
| Run1+2Combined ~ =—e—n 124.97 =024 (= 0.16) GeV
| ATLAS+CMSRun1 -*—H """""""""" 12500 +024 (=021)GeV
I BT T ST R o b b by

JHEP 1711 (2017) 047

CMS new:

1 | 1
123 124 125 126 127 128

m,, [GeV]

Mass of the W Boson

Measurement

CDF 1988-1995 (107 pb™)
DO 1992-1995 (95 pb™)
CDF 2002-2007 (2.2 fb’)
DO 2002-2009 (5.3 fb™)
Tevatron 2012

LEP

World average

M,, [MeV]

80432 = 79
80478 = 83
80387 = 19
80376 = 23
80387 = 16
80376 + 33

80385 + 15

Bt

80200

80400 80600

M,, [MeV]

125.26 + 0.20(stat.) 4= 0.08(sys.) GeV

‘\

Top mass

ATLAS+CMS Preliminary LHC top WG m,, summary, fs =7-8 TeV Aug 2016
""""" World Comb. Mar 2014, [7]

stat

total uncertainty total stat

My, = 173.34 £ 0.76 (0.36 + 0.67) GeV gp total (stat = syst) E Ref
ATLAS, I+jets (*) 172.31+ 1.55 (0.75+ 1.35) 7TeV [1]
ATLAS, dilepton (*) 173.09 + 1.63 (0.64 + 1.50) 77TeV [2]
CMS, l+jets 173.49 +1.06 (0.43 £ 0.97) 7TeV [3]
CMS, dilepton 172.50 £ 1.52 (0.43  1.46) 7TeV 4]
CMS, all jets 173.49 £ 1.41 (069 + 1.23) 7TeV [5]
LHC comb. (Sep 2013) 173.29 + 0.95 (0.35 + 0.88) 7 TeV [6]
World comb. (Mar 2014) 173.34 £ 0.76 (0.36 + 0.67) 1967 TeV [7]
ATLAS, |+jets 172.33+1.27 (0.75 £ 1.02) 7 TeV [g]
ATLAS, dilepton 173.79 £ 1.41 (0.54 £ 1.30) 7TeV [8]
ATLAS, all jets 1751+1.8(1.4+1.2) 7TeV [9]
ATLAS, single top 172.2+2.1(0.7+£2.0) 8TeV [10]
ATLAS, dilepton 172.99 £ 0.85 (0.41+ 0.74) 8TeV [11]
ATLAS, all jets 173.80 £ 1.15 (0.55 + 1.01) 8TeV [12]
ATLAS comb. (f){‘;:f:‘;;f 172.84 +0.70 (0.34 + 0.61) 7+8 TeV [11]
CMS, I+jets 172.35 £ 0.51 (0.16 + 0.48) 8TeV [13]
CMS, dilepton 172.82+1.23(0.19£1.22) 8TeV [13]
CMS, all jets 172.32 £ 0.64 (0.25 + 0.59) 8TeV [13]
CMS, single top 172.60 £ 1.22 (0.77 £ 0.95) 8TeV [14]
CMS comb. (Sep 2015) 172.44 £ 0.48 (0.13 + 0.47) 7+8 TeV [13]

[1] ATLAS-CONF-2013-046

[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758

[6] ATLAS-CONF-2013-102
7] ariv:1403.4427

(*) Superseded by results [8] Eur.Phys.J.C75 (2015) 330
shown below the line 18] Eur.Phys.J.C75 (2015) 158

[10] ATLAS-CONF-2014-055

[11] arXiv:1606.02179
[12] ATLAS-CONF-2016-064

[13] Phys.Rev.D83 (2016) 072004
[14] CMS-PAS-TOP-15-001
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| LEP+Tevatron Mw uncertainty~ 15 MeV

Best individual measurement:
CDF Mw uncertainty 19 MeV




First W mass measurement at the LHC

Recently published in EPJC Eur.Phys.J.C (2018) 78:110

Seminar 13/12/2016

CEAN Courler January/February 2017

N eWsS The International edi

LHC EXPERIMENTS o Guardian
ATLAS makes precision measurement of W mass

ASTROPAGE.EU



How to measure the W mass

Consider leptonic decay: electron and muon channels

Not possible to fully reconstruct W mass

Sensitive final state distributions: pt!, mr, prmiss

—MISS __

Pt == (pr+ ). mn= \/ZP{*I#“SSU ~cosA¢)  ur being the recoil % \
-ut provides an estimate of the boson pr W=

Jacobian edge at: mw
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W transverse mass

Date: 2011-09-14 02:47:14 CEST
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Lepton transverse momentum

Strong impact of the W boson transverse momentum distribution on pt!
ATL-PHYS-PUB-2014-015

flavour decomposition of W cross sections

T T T, 100 - B
g o0pl. — PL=0.nodtectorsmeatng | ] > CuTe NLO+NNLL
o « finite p; . no detector smearing - B | N = O 0'07:_ pp - W
9 ===~ with detector smearing | 4o = — Jud
é 0.05 ] i !9' 0 06__ — y/us
3 3 e - T
L ] S\ o
:7: g r — Vcs
E 0.0 = 0.04H — Vcb
€ 5 ) = 0.03H
0.0 ES A s N
] od 0.02yr
0.01 .
| 0.01
N pp 0 Ll 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
E] (GeV) 0.1 0 10 20 30 40 50
s (TeV) p¥v+ [GeV]

- Second generation quark PDFs play a larger role at the LHC (25% of the W-
boson production is induced by at least one second generation quark s or c)

than at the Tevatron.
- The W polarisation is determined by the difference between the u, d valence and

sea densities
proton antiproton proton proton

P ey W
2 /_ Negligible

A0 = £

‘,uV: qd ‘xu\{,‘
u
=10

d
s

G)



Strategy of the measurement in ATLAS

Sensitive final state distributions: pr', mr, prmiss’

(s S oty
pro == (Pq[: - er) . omr = \/ 217417%‘ (1 —cosAg) ~:; 75 ’:ALHC S::VZrLemeosny N5 =7TeV |
_ _ 8 - [ ATLAS Recorded B
UT belng the reCOII g 5:_ Total Delivered: 5.61 fb”' -
; s - Total Recorded: 5.25 fb™ 7
Q — —
In W, Z events -ut provides an estimate of 5. 3
the boson pr = 3
° !
. 1= —
2011 data is used for the measurement R :
recorded at Vs= 7 TeV 28/02 30/04 30/06 30/08 31/10
Day in 2011
Categories for the measurement:
Decay channel W — ev W — uv
Kinematic distributions P&, m P&, mr
Charge categories W+, W= W+, W=
In¢| categories [0,0.6], [0.6,1.2], [1.8,2.4] [0,0.8], [0.8,1.4], [1.4,2.0], [2.0,2.4]

*used as cross-check only 12



Selection cuts

Lepton selections:
muons isolated (track-based) lyl<2.4

electrons isolated (track+calorimeter-based) tight identified O<lyl<1.2,
1.8<lyl<2.4

Kinematic requirements: pt>30 GeV, m=>60 GeV, MET>30 GeV and
recoil(ur)<30 GeV

~6M/8M observed in the electron/muon channel

In¢| range 0-0.8 0.8-1.4 1.4-2.0 2.0-2.4 Inclusive

W+ —puTr 1283332 1063131 1377773 885582 4609818
W= —pu v 1001592 769 876 916163 547329 3234960

In¢| range 0-0.6 0.6-1.2 1.8-2.4 Inclusive

W+ —wetr 1233960 1207136 956620 3397716
W= s e v 969 170 908 327 610028 2487525

13



Template fit

Template fit approach: compute the pt' and mr distributions for different assumed
values of mw —> 2 minimisation gives the best fit template.

Predictions for different mw values are obtained by reweighting the boson invariant mass
distribution according to the BW parameterisation.

do m?
Ve
2 _ 1,22 4172 2
dm  (m* —mi,)* + m*l'y, /my,
> Olg——71T 71— 177 T _E,ﬂ I L
= ATLAS Simulation ‘€ 0.12— ATLAS Simulation
g Is=7 TeV, pp— W5+X —— A my=-50 MeV 3 0 1:_ Is=7 TeV, pp— W*+X
ge - A'my,=+50 MeV ks -
ki & 0.08F
© © -
€ € 0.06—
2 2 -
0.04—
0.02—
é 1.01 i_ ...................................... = E 1 .012_ _______________ e o T o _z
2 i A e 2 e e
@ 099 s 3 a 0_992_ .............................................................................................................................................. _z
= 30 32 34 36 38 40 42 44 46 48 50 > 60 65 70 75 80 85 90 95 100
P, [GeV] m; [GeV]
pt' has a Jacobian edge at mw/2 mT has a Jacobian edge at mw

*A blinding offset was applied throughout the measurement and removed when consistent results were found.
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Z-boson sample

Benefit from the fully reconstructed mass in Z-boson sample |
| to validate the analysis and to provide significant

| experimental (lepton and recoil calibration using resp. mz
measured at LEP = 91187.5+2.1 MeV and expected

momentum balance with pr!) and theoretical constraints
(ancilliary measurements).

The whole analysis is checked by performing a measurement of the Z-boson mass

and comparing to the LEP value, also a cross-check Z mass measurement in “W-like”
I.e removing the 2nd lepton and treating it like a neutrino

A similar W-like analysis was also done by CMS | CMS PAS SMP-14-007

Need to consider additional systematics for W mass measurement (theory uncertainties,
Z—>W extrapolation and background)
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ATLAS detector

Inner detector (|n|< 2.5, B=2T) Hadron Calorimeter (|n|<5)
Tracking, vertexing, dE/dx, e/x ID Trigger and meas. of jet/Emiss
» Si pixels, Si strips, Trans. Rad. det. » Fel/scintillator (central), Cu/W-LAr (fwd)
> 0o/p; ~3.8x10-4p(GeV)20.015 Adiv > o/E ~ 50%/NE(GeV)®3%
i e PTNR L
4 Magnets Superconducting — R

- 1 Central solenoid (B=2T)
- 3 Air core Toroids (B=0.5T in
the barrel, B=1T in the EC)

f

EM Calorimeter (|n|<3.2)
ely ID trigger measurement
» Pb-Lar accordion

> 0/E ~ 10%/NE(GeV)e1%

=l 0 N WVAE
Ly’

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets

LAr eleciromagnetic calorimeters
Muon spectrometer (|n| < 2.7)
Trigger & meas. of muon :
> CSC+TGC+RPC+MDT Semiconductor tracker

» 0/p; <10 % up to 1 TeV

Muon chambers Solenoid magnet | Transifion radiatfion tracker
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Electron Calibration & Efficiency

Calibration for electrons closely follows the Run | calibration paper Eur.Phys.J.C 74 (2014) 3071

1
simulation training of . > zee
—d  MC-based resolution  fep
efly calibration smearing
EM MC-based calibrated
cluster ely energy ely
energy calibration energy
4
data longitudinal i . Zee
w31 layer inter- USRTOmiEtY scale —>
. ) corrections : i
calibration calibration

6 Jip-ee Z3lly
data-driven scale validation

Exclude bin 1.2<lyl<1.82 for the W mass measurement as the amount of passive
material in front of the calorimeter and its uncertainty are largest in this region.
Azimuthal correction from <E/p> vs ¢

Electron efficiency corrections as a function of n and pr Eur.Phys.J.C 74 (2014) 2941
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Electron Calibration & Efficiency

Eur.Phys.J.C 74 (2014) 3071

> Fam e T g Q03 e e e e e
& 30000 \s = 7 TeV. 4.6 fb-! W Z-e'e = - Electrons, ||<0.6 +Jy—ee .
g 250003_ B T []Background _f 0.02— +Z - ee ~
- = = - Calibration uncertainty ]
£ 20000F E 0.01— -
= 15000 — . "
10000 = O E— B E—— —
50002_ _; -0.01f— —f
O 05ET i fad e s = -0.02}— -
£ Oi iTH++++++++++H+++Mﬂ++ﬂ+++++++++++++++H - ATLAS Vs=7 TeV, JLdt: 471" A
; 0_955_ .......................... Fo ++ ............................................................................. % s Yot LTSl I IV I IV I I PPN T B
B 80 82 84 86 88 90 92 94 96 98 100 10 20 30 40 50 60 70 80 90 100
m, [GeV] E; [GeV]
|n¢| range [0.0,0.6] (0.6, 1.2] [1.82,2.4] Combined
Kinematic distribution pf} mr pr M pfr mr pfr mr
dmw [MeV]
Energy scale 10.4 10.3 108 10.1 16.1 17.1 81 8.0
Energy resolution 50 6.0 73 6.7 104 155 3.5 5.5
Energy linearity 2.2 4.2 5.8 8.9 8.6 10.6 3.4 5.5
Energy tails 23 33 23 33 23 33 23 3.3
Reconstruction efficiency 10.5 8.8 9.9 7.8 14.5 11.0 7.2 6.0
Identification efficiency 104 7.7 117 88 16.7 121 7.3 56
Trigger and isolation efficiencies 0.2 0.5 03 0.5 20 22 08 0.9
Charge mismeasurement 0.2 0.2 02 0.2 1.5 1.5 0.1 0.1
Total 19.0 14765 21.1 194 30.7 30.5 | 14.2 14.3 I




Muon Calibration & Efficiency

Muon identified using combined ID+MS
tracks, momentum measurement from ID only.

Calibration factors for ID-only muons derived
from Z—>uu and sagitta bias charge-

dependent corrections from Z—>uu and E/p
of W—>ev. Eur.Phys.J.C 74 (2014) 3130

3 T
001.0055— ATLAS
\s=7TeV, 4.1 fb"

1.004
1.003
1.002
1.001

II|III||II|I|IIII|I

0.999
0.998
0.997
0.996
0.995

1E

II|I|II|IIII|I|II|II]I|I

—— 0.0<n|<0.8, slope = -0.031+ 0.023

-®- 0.8<In|<1.4, slope = -0.043 + 0.033
1.4<n|<2.0, slope = 0.086 * 0.041

-¥- 2.0<n|<2.4, slope = 0.103 + 0.085

|IIII|IIII|IIII|IIII|II

1

lII|IIIIIIIII|IIII|II]I|IIII

pro™ = pYOX[1+am.@)] x |1 +Ban@) - G(O. 1) - pYC|

data
data,corr _ Pt

P = N
! L +q-06(n. ) pf

Muon trigger/id/iso efficiency corrections data/
MC evaluated in bins of pt!, # and charge.

Dominant uncertainty is the statistical
uncertainty of the Z sample.

20

+ 1.015
1.01
1.005

1

©
©
©
o

Muon efficiency scale facto

©
©
©

0.985

1 1 1 | 1 1 1
0.016 0.018 0.

02 0.022 0.024 0.026

1 | 1 1
0.028

1/ <p_(w)> [GeV]

S ATLAS T "_® Reconstruction
“\s=7TeV, 4.1 b’ —A— Trigger -
E Isolation E
= —h— —A— |
i | A S R N N
B B — A | ]
- - =




Muon Calibration & Efficiency

x10°
> :"'l"'|"'|"'|"'|"' '|"'|"'|"': AL L L e D LR LR L LR BB
3 oo ATLAS eDaa 3 S MO ATIAS oma
< g \s=7TeV, 41 fio! E]B;I:;:t)und g ; 120 Is=7TeV, 4.1 o’ Wz p =
S 50000~ = 2 100E []Background ]
—~ - - c C -
% 400005— —E L 80;— _;
5 300005 E 60L -
20000;— —; 40
10000~ = 20
, 5 e
© O B rreeressreserese e = (0] 1.05 E_ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" _:
(O] ~ F —— - 7
D’h. 1 'I'+++++'|"-|-'+'+++++++++""'4-0-+"_"++""H~.|.+++++++++++H+++:E E 1;-_'_ ------------- - _'_'_:_
; ] O _z S 0.95 ;_ ............... o S S e o =
S 80 82 84 8 8 90 92 94 96 98 100 S -2 -15 -1 05 0 05 1 15 2
m, [GeV] N
|ne| range [0.0,0.8] [0.8,1.4] [1.4,2.0] [2.0,2.4] Combined
Kinematic distribution pgr mr p‘gT mr pfr mr pf} mr pf} mr
dmw [MeV]
Momentum scale 8.9 9.3 14.2 156 274 29.2 111.0 1154 84 8.8
Momentum resolution 1.8 2.0 1.9 1.7 1.5 2.2 3.4 3.8 1.0 1.2
Sagitta bias 0.7 0.8 1.7 1.7 3.1 3.1 4.5 4.3 0.6 0.6
Reconstruction and
isolation efficiencies 4.0 3.6 5.1 3.7 4.7 3.5 6.4 5.5 2.7 2.2
Trigger efficiency 5.6 5.0 7.1 50 11.8 9.1 12.1 9.9 4.1 3.2

Total 114 114 169 17.0 304 310 112.0 116.1 |9.8 9.7|
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Recoil Reconstruction

Vector sum of the momenta of all clusters measured in the calorimeters
excluding energy deposits associated with the decay leptons

hadronic recoil

ﬁ
Ut

Also : uil' is the projection of the recoil along the W decay lepton direction
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Recoil Calibration

Calibrate the scale (resolution) of the recoil using uy (u.) from Z events

= S L L B B B L B B B L B = 16— I B ]
© - ATLAS . g - ATLAS E
S TE\s=7Tev, 4110 = =2 1551 \s=7TeV, 4.11b" E
— :_ +Data . 3_| :_ +Data _:
o 6 - Z—uu (before corr.) =" -~ 15¢ - Z—uu (before corr.) 3
+ C —— - © C .
= 5E —4- Z—uu (after corr.) —— = 145 4 Z—upu (after corr.) ]
> C —e— - - -
v C —— ] - ]
4 — — 14 ———8—
C —— - C —— .
E == = - —e— 1 - ]
2 - 13:;,_=9==5: =
1= = 125 =
- | | | | Loyl | | | . S | | | | | | | | =
1975
s B 1.04F
o] T 1.02
S ©
(O] —
o 8 0.98
o 0.96F : : . : : . : ; . =
8 0 5 10 15 20 25 30 35 40 45 50

70-80% recoil response, remaining pileup dependence of the recoil resolution cluster-
based.
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Events / 2 GeV

Data / Pred.

Recoil Calibration

X

-y

o
w

14OATLAS|||.|Data| """" T
120

\s =7 TeV. 4.1 fo — Z—>u*u (before corr.)
100 B o B Z—utu (after corr.)
80

60
40
20

oI AL T
B e ———

50 40 30 20 0 0 10 20 30 40 50
uﬁ + pi [GeV]

—

Events / 2 GeV

Data / Pred.

— Z—puu (before corr.)
B Z—utu (after corr.)

W-boson charge W W= Combined

Kinematic distribution pfr mr pgr mr peT mr

dmw [MeV]
(1) scale factor 02 10 02 1.0 02 1.0
Y ET correction 09 122 1.1 102 1.0 11.2
Residual corrections (statistics) 20 27 20 27 20 27
Residual corrections (interpolation) 14 31 14 31 14 3.1
Residual corrections (Z — W extrapolation) 0.2 5.8 02 43 0.2 5.1
Total 2.6 142 2.7 118 |
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Physics Modelling

No single generator able to describe all observed distributions.

Start from the Powheg+Pythia8 and apply corrections. Use ancillary
measurements of Drell-Yan processes to validate (and tune) the model
and assess systematic uncertainties.

ﬁ—j / . Electroweak corrections
- QED FSR and ISR (included)

- Physics modelling corrections

- missing higher order effects
and FSR pair production
PDF (uncertainties)

QCD _, | - ﬂ
’fﬁ* s 0 - QCD corrections
—— - V = —== ]

Q ! p \r - pT distribution

/WV V%“W\ - polarisation
—— \ - rapidity
ﬁ" N\ {5

W




EW corrections

QED effects: FSR (dominant correction) included in the simulation with
PHOTOS, negligible uncertainty. QED ISR included through Pythia8
parton shower.

NLO EW effects: taken as uncertainties, pure weak corrections
evaluated in the presence of QCD corrections, estimated using
Winhac. ISR-FSR interference.

FSR lepton pair production estimated and added as an uncertainty.
Formally higher order correction but a significant additional source of
energy loss.

Decay channel W — ev W — uv
Kinematic distribution pL mr pL mr
omw [MeV]
FSR (real) <0.1 <01 <0.1 <0.1
Pure weak and IFI corrections 3.3 2.5 3.5 2.5
FSR (pair production) 3.6 0.8 4.4 0.8

26 56 2.6 |




QCD corrections

The Drell-Yan cross-section can be decomposed by factorising the dynamic
of the boson production and the kinematic of the boson decay.
An approximate decomposition is given by:

- 7
)' (1 +cos” @) + Z Ai (pr, _\')H(@
=0

Breit-Wigner ; Parton ShOW

NNLO pQCD -

do/dm is modelled with a BW parameterisation (+ EW corrections)
do/dy and the Ai coefficients are modelled with fixed order pQCD at NNLO
do/dpr is modelled with parton shower (tried analytic resummation)
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Rapidity distribution

The rapidity distribution is modelled with NNLO predictions and the CT10nnlo
PDF set. PDF choice validated on the observed weaker suppression of the
strange quark in the W,Z cross-section data as published in arXiv:1612.03016

do/dn| [pb]

730p T 3 a 200 ]
~ooE ATLAS E S g ATLAS E
- \s=7TeV, 461" ] > S \s=7TeV, 461" .
650§_pp+W +X _E % 160:_pp—>Z+X _:
600====== = S 140 =
550 —% 120EE_— ==, =
500F- = 1001~ == =
= = C == ]
450 = 80 ]
= - C == ]
350 —« Data (W") —_— e 4oj—+ Dat == 4
- —— Data (W") —e - ata o
S00F" s Predlctlon (CT10nnIo) E 20F mm= Prediction (CT10nnlo) =
Cooa 1o Ll Ll Ll Ll IS . ool b by b b by b by s b bya s T a3

250 2 04 06 08 1 12141618 2 2254 0 02040608 1 12141618 2 22204
| Y,

Satisfactory agreement between the theoretical prediction and the
measurements is observed: x2/dof = 45/34.
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Polarisation coefficients

The Ai coefficients are modelled with fixed order pQCD at NNLO.
The predictions (DYNNLO) are validated by comparison to the Ai measurements
in 8 TeV Z-boson data JHEP08(2016)159

1.2_ L L T T T T T ] <C\l 1.2_ L T T [ T T T
- ATLAS —4— Data 1 - ATLAS —4— Data
1-\s=8TeV,20.3fo"  [EE DYNNLO (CT10nnlo) 1-\s=8TeV,20.3fo"  [EE DYNNLO (CT10nnlo)
- pp—Z+X - - pp—Z+X
0.8 0.8/
0.6 — 0.6
0.4 — 0.4 —
0.2 . 0.2 —
Oﬂ.l I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | ] Ol.' 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | ]
0 20 40 60 80 100 0 20 40 60 80 100
pl [GeV] pl [GeV]

Uncertainties on Ai modelling: experimental uncertainty of the measurement and
observed discrepancy for A2 coefficient

W-boson charge W+ W= Combined
Kinematic distribution p% mr p? mr p% mr

Angular coefficients 5.8qn 53 58 53 58 53




Z transverse momentum

Parton shower MC Pythia 8 tuned to the 7 TeV data AZ PYTHIAS
tune (better description in rapidity bins than the AZNLO Tune Name AZ
tune of Powheg+Pythia) JHEP09(2014)145 Primordial kr [GeV]  1.7140.03
ISR af®(mz) 0.1237 + 0.0002
. . ISR cut-off [GeV] 0.59 £+ 0.08
The agreement between data and Pythia AZ is better ;
X o/ dof 45.4/32
than 1% for pr<40 GeV
So0sEATLAS T L pa & ———— ———
3 0_07§_vs=7TeV, 4.7 fo” L g;l:;a 8 4C Tune—% § Data uncertainty ATLAS |
'8"_0-06 E_pp—>Z+X —— Pythia 8 AZ Tune 3 ?C) 11: —— PYTHIA8 4C ]
5 = 3 5 T[] PYTHIAB AZ ]
o 0.05g E ‘g B 4
= 0.04F 5 £ & -
0.035 = - .
0.025 = - i
0.01E- = 0.9 -
s e - ]
a 105§_—_ ............................ -A-_:::_v__v_v__v_' .............................. _é | |
3 o.gg —_A_—A—'X__' ............ N 08 5 :7TeV;JLdt =471 ]
£ 09 | N I
0 5 10 15 20 25 30 35 40
o [GeV] 1 10 10°

pZ [GeV]

The accuracy of Z data is propagated and considered as an uncertainty

W-boson charge W+ W= Combined
Kinematic distribution p{ mr pfr mr pﬁi mr
AZ tune 30 ,.34 30 34 30 34
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W transverse momentum (l)

The Pythia8 AZ tune is fixed by the prtZdata; extrapolate to W considering relative
variations of the W and Z prdistributions.

Resummed predictions (DYRES, ResBos, CuTe) and Powheg MiNLO+Pythia8 were
tried but they predict harder W pr spectrum for a given pr (Z) spectrum.

truth-level reco-level
N 1.2¢ _ . N 1.0 ]
< ... ATLAS Simulation < - ATLAS Simulation -
115 ) - 5
© 55 Vs=7 TeV, pp— W +X, pp— Z+X ._‘CE 1.03F s =7TeV, pp>W'+X ]
1.15 = B Pythia 8 AZ ]
o - —— Powheg + Pythia 8 AZNLO -
1.05 5 1.02— DYRES —
= L --- Powheg MiNLO + Pythia 8 i
1 E - -
- S 101 —
0.95 B i
C == Pythia 8 AZ - =
0'95 — DyRes 1.0 —— 1: .
0.85F — Resbos - ]
- — CuTe 0.99+— —
0-8_l L1 I L1 11 I I - I | I I - I L1 1 | I L1 1 | | L1 1 _I [ | [ | [ | 11 | [ | [ | [ | [ | [ | [ |_
0 5 10 15 20 25 30 35 40 30 32 34 36 38 40 42 44 46 48 50
W,Z
“ [GeV |
P [GeV] pl. [GeV]

The effect on mw of using the “formally” more accurate predictions has a significant
impact on the W-mass value of the order of 50-100 MeV
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W transverse momentum (ll)

To validate the choice of Pythia8 AZ for the baseline, use uy! distribution which is
very sensitive to the underlying ptW distribution

—> provide a data-driven validation of the accuracy of our Pythia8 AZ
model and compare to other calculations

1.02

© L B B B L B © L LA IR B ]
8, o5 | ATLAS 3 =2 108 ATLAS ]
-~ - (s=7TeV,4.1-4.6fb" 3 ~ \s=7TeV,4.1-46fb"
© o . © +
o) 101 W >N - 9] W* 5 v N
0_ E 0_ 1.06 i
1.005 | B Pythia 8 AZ ]
1 1.04 —+— Powheg MiNLO + Pythia 8 ]
DYRes (WY ,uZ corr.) |
0.995 - 102 : - QCD " QCD |
0.99 B Pythia 8 AZ = ]
0.98 —=— Powheg MIiNLO + Pythia 8 - T T TR s e
985 P DYRes (u‘gCD, “éco corr.) - i .
0.98 L1 1 1 l L1 11 l 1111 | L1 1 I [ R | l R R 0.98 [ R T | I 111 l F I R S| l L1 11 I T R | l F I R |
0 5 10 15 20 25 30 -30 -20 -10 0 10 20 30
(a) up [GeV] (b) uj [GeV]

NNLL resummed predictions and Powheg+MiNLO strongly disfavoured by the data however
PS MC are in a good agreement; tested using Pythia8 , Herwig7 and Powheg+Pythia8
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ptW uncertainties

Heavy flavour initiated production (HFI) introduces differences between Z and W and
determines a harder pT spectrum, expect certain degree of decorrelation.
However higher-order QCD expected to be largely correlated between W and Z produced by

light quarks
Consider relative variations on pt(W)/pt(Z) under uncertainty variations.

N 1.04F
Uncertainty: heavy quark mass variations %1 osb. ATLAS Simulation
(varying mc by +0.5 GeV), factorisation scale 1 025_ (5=7 TeV, pp— W*+X, pp—> Z+X

variations in the QCD ISR (separately for light

and heavy-quark induced production) 101

1

IIII|IIII|IIII|I:III

0.99
Largest deviation of pt(W)/pt(Z) for the parton 0.98:
inti . i = ---LO PDF W* — Total W*
shower PDF variation: CTEQ6L1 LO (nominal) 097} e 1w
tO CT1 4IO, MMHT2014|O and NNPDF2.3|O 096:1 o e b b e b P L
0 5 10 15 20 25 30 35 40
P, [GeV]
W-boson charge W+ W~ Combined
Kinematic distribution p% mr p% mt p% mr
Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower up with heavy-flavour decorrelation 5.0 69 50 69 50 6.9
Parton shower PDF uncertainty 36 40 26 24 10 1.6
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Reducing prV uncertainties

The ratio of the W and Z pT distributions has been measured

Phys. Rev. D 85, 012005  arXiv:1701.07240

N LR L L L L L B B
+ T4EATLAS —4— Data E
1.3;—VS=7TeV, pp—Z+X, 4.7 fo I Pyth|a8AZ Tuné—
1 o Vs=7TeV, pp—>W+X, 30 pb™ =
- = E
0.9F =
0.8 e =
0.7E ' —
0.6 =
0.5:l 1 11 | 11 1 1 I 1 1 1 1 I 1 11 1 I 1 1 1 1 I 1 | I | 1 1 1 1 I 1 l:

0 10 20 30 40 50 60 70
p, [GeV]

Limited precision of the data (~3%), and broad bin width (~8 GeV) limit the impact of
these measurements on the systematic uncertainty.

Further measurements would be useful, ideally with low pile-up, targeting bin width

<5 GeV and a precision about ~1%.
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PDF uncertainties

PDF variations (25 error eigenvectors) of CT10nnlo are applied simultaneously to
the boson rapidity, Ai, and pr distributions.

30-012"||||l|||||||||||||||||||IIIIIIIIIlIIIIIIlII
5 TLAS Simulation
g 0.01~ {5-7 TeV, Powheg + Pythia 8, W*

Only relative variations of the g 0008~ CT10, ful

— CTH10, pi-constrained

are considered. 0.004

0.002

pt(W) and pr(Z) induced by PDFs 0,006

h |II|I|IIII|I|II|I|II|III||IIII
O0 5 10 15 20 25 30 35 40 45 50

W-boson charge W+ W= Combined
Kinematic distribution p{l mr pf? mr pfr mr
Fixed-order PDF uncertainty 13.1 149 12.0 142 8.0 8.7

The PDF uncertainties are very similar between pr and mr but strongly anti-correlated

between W+ and W-. Envelope taken from CT14 and MMHT2014~3.8 MeV.
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Summary of physics modelling uncertainties

W-boson charge W+ W= \Combine-dqw
Kinematic distribution pL  mr pL  mr | pL  mr
dmw [MeV]
Fixed-order PDF uncertainty 13.1 149 120 14.2 |80 8.7
AZ tune 30 34 30 34 30 34
QCD Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower up with heavy-flavour decorrelation 5.0 6.9 50 6.9 |50 6.9
Parton shower PDF uncertainty 3.6 40 26 24 1.0 1.6 §
Angular coefficients 58 53 58 53 |58 53
Total 159 18.1 14.8 17.2 M

=

Decay channel W — ev W — uv
Kinematic distribution pL mr pL mr
omw [MeV]
FSR (real) <0.1 <01 <0.1 <0.l
Pure weak and IFI corrections 3.3 2.5 3.5 2.5
FSR (pair production) 3.6 0.8 44 0.8
Total 49 2.6 5.6 2.6

The PDF uncertainties are the dominant followed by pt(W) uncertainty due

to the heavy-flavour initiated production.
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Validation and results

38



Z control distributions: pr, y

Z tranverse momentum and rapidity distributions in e, 4 channels
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Good agreement is obser”vedégError bars are statistics only.



Z mass-sensitive distributions: pr and mr

Tranverse momentum and transverse mass distributions in e, u channels
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Z mass measurement

| . ® m, (Fit)
p,, Z—>e'e ATLAS P « Stat. Uncertainty
(s=7 TeV, 4.1-4.6 fb'1 — Full Uncertainty
| | 2 e mZ (LEP Comb)
P; L @ + Full Uncertainty
p'T, Z— I'l ®
my, Z— e*e” @
My, Z— pru- ®
my, Z— I'T e

1 l 1 1 1 I 1 1 1 I 1 L 1 I 1 1 L I 1 1 1 I 1 1 1 I 1
91120 91140 91160 91180 91200 91220 91240
m, [MeV]

Lepton charge A 0 { Combined

Distribution s mT s mT s mr
Amz [MeV] 41
Z — ee 13+31+10 —-93+38+15 —-20+£314+10 44+38+15 | -3+£214+10 —454+27+15]
7 — b 14224 8 —-35+284+13 —-36+224+ 8 —-1+27+13 |—-17+14+ 8 —18+19+13}
Combined 5+18+ 6 —5H8+23+12 —-31+18+ 6 1+22+12 |—12+124+ 6 —294+16+12

Results are consistent with the combined LEP value of mz
within experimental uncertainties



Backgrounds in W

J

>
[0
0 — 2
Electroweak and top-quark backgrounds are X \s=7TeV, 4.1 b W s EW
: . : Multijet
determined from simulation £ B 1+ rgle top
1z
Multijet background is determined using data-driven
techniques:
- define background-dominated fit regions with
relaxed cuts of the event selection B ;
o s . . i R 1 — E
- template fits in these regions to 3 observables: § "% ety +++]l ______ l ____________ ]l
- RO 1 LG, o S5 N SO E
ptMiss, mt and pr/mt B 0954w 1
. . . . 0 10 20 30 40 50 60 70 80 90 100
- control regions are obtained by inverting the piss [GeV]
lepton isolation requirements
W — pv
Category | W—orwv Z—puuw Z—77 Top Dibosons Multijet Kinematic distribution mr

W*00< |y <08]| 1.04 2.83 012 016  0.08 0.72 Decay channel Woew W W — ev W — pv

WE08<|gl<14 | 101 4.44 011 012  0.07 0.57  W-boson charge wrow-owt ow- wt wo Wt W

Wt 14 < In] < 2.0 0.99 6.78 0.11 0.07 0.06 0.51 5 [1\/[ V]

W*20<|g <24 | 1.00 8.50 010 004  0.05 0.50 M Ae ,

W= all 7 bins 101 541 011 0.10 0.06 0.58 W — v (frac-tlon, shape) 01 01 01 02 01 02 01 03
W+ all 7 bins 0.99 4.80 0.10 0.9  0.06 0.51 Z — ee (fraction, shape) 3.3 48 - - 43 64 - -
W™ all 7 bins 1.04 6.28 0.14 0.2 0.08 0.68 Z — pp (fraction, shape) - — 3.5 45 - - 4.3 5.2
W — ew Z — 77 (fraction, shape) 0.1 0.1 01 02 01 02 01 0.3
o — ~ ~ — T WW,WZ, ZZ (fraction) 0.1 01 01 01 04 04 03 04
e | v fmee 27T b ihosons WTWe Top (fraction) 01 01 01 01 03 03 03 03
g;i 82 < }nl < (l’g 18(2) gig 83 81; 882 857)2 Multijet (fraction) 32 36 1.8 24 81 86 37 46
O < n < 1. . . . . . . .. .

WE18<|p <24 | 097 3.23 011 005  0.05 PR 1 11 L 11 5 17:1515) I S 1 N 0N 0 S (MR <) MO 5 e 25 S
W all 7 bins 1.00 3.37 012 012 0.07 100 Total 6.0 68 43 53 126 134 62 74
W all 7 bins 0.98 2.92 010 011  0.06 (Y R—— - — _ .
W™ all n bins 1.04 3.98 0.14 0.13 0.08 1.21
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Summary of corrections

After all corrections are applied, consistent results are achieved between
different channels, observables, categories, charges and only after, results were
unblinded.
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W control distributions: n, pr
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W mass-sensitive distributions: p14 and mr
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Consistency of the results

The consistency of the results was checked in the different categories but also in different
pileup, ur and uy bins
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My, Wi I'v ® Stat. Uncertainty
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My, W= Fv o—
pLWsetv | — ———
mpWooev | T . .
p, W s ptv o—
m Wi | TToio- —
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Vp (W)
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—Total Unc.
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x
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1.4<|n||<2.0 2.0<h]||<2.4

Category

Fitting ranges:
32<pr <45 GeV,
66<mt<99 GeV



Results

mw

80369.5 + 18.5 MeV,

80369.5 + 6.8 MeV (stat.) = 10.6 MeV (exp. syst.) + 13.6 MeV (mod. syst.)

QCD EWK PDF Total |

Combined Value | Stat. Muon Elec. Recoil Bckg.
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.
' mT-p$, W=, e-u | 80369.5 | 6.8 6.6 6.4 2.9 4.5 8.3 5.5 9.2 18.5
I I I I ;‘ B T T I T l I T T T T l T T T T I T ]
ATLAS ® m, (o - ATLAS = B m,, = 80.370 = 0.019 GeV -
= Stat. Uncertainty O, 80.5[~ B m=172.84 +0.70 GeV
— Full Uncertainty E; - . - my, = 125.09 = 0.24 GeV i
- W= 68/95% CL of dm, -
LEP Comb. 50376133 MeV 80.45 - 7 M 20 m‘__.:_—
Tevatron Comb. @-30387:16 MeV 80.4 / ]
LEP+Tevatron @-80385£15 MeV A 1 =
80.35[ ]
ATLAS @-50370+19 MeV C ]
80.3 e 68/95% CL of Electroweak_]
Electroweak Fit 80356+8 MeV - Fit w/o m,,, and ]
| | | | - (Eur. Phys. .}N C74 (2?34) 3046)
80320 80340 80360 80380 80400 80420 googl v 1.1 ML 1]
m,, [MeV] ' 165 170 175 180 185
m, [GeV]

The result is consistent with the SM expectation, compatible with the world average
and competitive in precision to the currently leading measurements by CDF
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Conclusion

The first LHC measurement of mW = 80370+/-19 MeV is public now Eur. Phys. J.
C (2018) 78:110 after many years of effort in the ATLAS collaboration.

The central value is consistent with the SM prediction and with the current world
average value.

80370+19 MeV

G




Prospects for improvement

my = 80369.5 £|6.8 MeV (stat.)|+|10.6 MeV (exp. syst.)|+

13.6 MeV (mod. syst.)

- Stat uncertainty: add more data available
60—

- Experimental uncertainty: improve the

Delivered Luminosity [fo]
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o
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I ATLAS Online Luminosity

[ ——2015pp {s=13TeV
[ ——2016pp {s=13TeV
= 2017pp {s=13TeV
[ e 2018pp {s=13TeV

e 2011 pp {s=7TeV
—— 2012pp V{s=8TeV

experimental precision - calibration and 40 ]
reconstruction 30~ .
- Theory-related uncertainties: reduce PDF and 10F- 34
modelling uncertainties by adding information A —Mwi"
e A W oct

from auxiliary measurements

Month in Year

Low pile-up runs
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In November 2017 special low pile-up runs of a few days:
| - ~250pb' @5 TeV mu=0.5~ 4
- ~150 pb-' @13 TeV mu = 2 (levelled) I
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In 2018: ~ 190 pb-1 @13 TeV mu=2 (levelled)
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Low pile-up runs

Needed for \W mass measurement:

* Increase sensitivity from mr

* Direct ptW measurement —> use
information to reduce pr modelling
uncertainties also in high pile-up runs

e Used for calibration studies
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Stay tuned for future interesting measurements !
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Thank you for your attention!
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