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Standard Model

Seminar 4 July 2012

Huge step in our understanding of Particle Physics:
recent discovery of the Higgs boson

Phys. Lett. B 716 (2012) 1-29
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SM puzzle completed, but many open questions (mass
hierarchy, baryon asymmetry, dark matter... ) remain
without answers —> Search for Beyond the SM



Beyond the Standard Model

Direct searches: huge numbers of new results - astonishing achievement.
No significant signals - updated limits. More still to come with 13 TeV.

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

ATLAS Preliminary
Vs=7,8,13TeV

Model T,y Jets EP [Lann™) Mass limit Vi=7,8TeV [Wi=iaTeV Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 203 1.85 TeV. m(g)=m(z) 1507.05525
i, 4-at 0 26jels  Yes 361 m(E)<200 GoV, m(1* gen. -m(2= gen.a) ATLAS-CONF-2017-022
4d q_. ¥ (eomwessed) mono-jet  1-3jets  Yes 32 m(g)-m(E})<5 Gev 1604.07773
2, 8% 0 26jets  Yes 361 mE})<200 GV ATLAS.CONF-2017-022
é F3 g_.qu, —qu*x, 0 26jets  Yes  36.1 m(E})<200 GeV, m(E*)=0.5(m (k! )sm(z)) ATLAS-CONF-2017-022
8 §-aq(C/ )T} 3eu 4jets - 13.2 m(E})<400 GeV ATLAS-CONF-2016-037
2, s 26u(SS) 03jots  Yes 132 () <500Gev ATLAS-CONF-2016-037
2 &uls(incsh) 127401 O2jets  Yos 32 1607.05979
GGM (bino NLSP) 2y - Yes 32 Cr(NLSP)<0.1 mm 1606.09150
GGM (higgsino-bino NLSP) y ib Yes 203 m(E)<950 GoV, 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 2. g_.m?? 0-1eu 3b Yes  36.1 m(¥})<200GoV. ATLAS-CONF-2017-021
Tawo &, 2obit] Otes 35 Yes 201 137 TeV. (<300 GeV 14070600
biby, by} 0 2b Yes 3,2 mE})<100GoV 160608772
g biby, bi—d; 26u(SS)  1h b | 325:685GeV mu”)d&oeov m(E})= m(E})+100 Gev ATLAS-CONF-2016-037
i, bt 02eu  12b v“ 4. ms 3 7 117-170 Gev [N 200:720 GeV] 12092102, ATLAS-CONF 2016.077
& i ,.-.wm/“ oret] 02e,u 0-2jets/1-2b Yes i 90-198 GeV 1506.08616, ATLAS-CONF-2017-020
i i 0 monojet Yes Er 160407773
i (nalural GMSE) 2e,u(2) 1b Yes 203 14035222
5 g 3eu(2) 15 Yes  36.1 ATLAS-CONF-2017-019.
b, iy +h 12eu  4b  Yes 361 ATLAS-CONF-2017-019
Unlin, I8 2en 0 Yes 203 2 14035204
X x, —In() 2em 0 Yes 133 mw’).nea ,m(.9)=0.8(mEf Jem@E) ATLAS-CONF-2016-096
XK Xy 27 - Yes 148 mw,y.nsuv mi#, #)=0. sm\m )u“M)) ATLAS-CONF-2016-093
> g A)«Z.,vILt(w;, ) e 0 Yes 133 ATLAS CONF-2016-096
4 28eu  O2jets  Yes 203 | K, GeV 14035294, 1402.7029
s x ,\}‘«Wxﬁh). hobBWWrrlyy @Y 025 Yes 203 | B 270 GeV 150107110
den 0 Yes 203 | 635 GV mm.mw. mo?’y-n (0570 S(m@yemiEl) 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- waa)?, Disapp. trk 1 jet Yes 361 M} )-m(E?)~160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2017-017
Direct ¥1 ¥, prod., long-lived ¥;  dE/dx trk - Yes 184 |& 495 GeV' mE;)-m(E?)~160 MeV, r(¥})<15 ns 150605332
~§ Stable, stopped § R-hadron 0 15jets  Yes 279 |[& 850 GeV. m(F)=100 GeV, 10 ps<r()<1000's 13106584
E Stable g R-hadron trk N N 32 1606.05129
‘ST Metastable  R-hadron dE/dck - - 32 mE})-100 GoV, r>10 05 1604.04520
g GMSB, stable 7, ¥ —+7(@, i)+r(e,) 124 - -1 R 537 GeV. 10<tang<s0 14116795
GMSB, ¥ -G, long-ived ¥} 2y - ves 203 |& 440 GeV 1<r(@)<3 ns, SPSB model 1400.5542
. Xﬂ—oz:ﬂeu‘//llﬂv displ. ee/eu/up - - 208 @ 1.0Tev. 7 <cr()< 740 mm, m(z)=1.3ToV 150405162
GGM 26 displ. vix +jets - - 203 d 1.0TeV. 6 <cr(¥1)< 480 mm, m(§)=1.1 TeV. 150405162
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(g)=m(g), crisp<t mm 1404.2500
x, «wx“ x“-.m w4 - Yes 133 m{E})>400GeV, 4124#0 (k = 1,2) ATLAS-CONF-2016-075.
Votrve,erv,  Beu+t - Yes 203 mﬁ“)m 2xm(F), diay#0 5086
e 0 4SlargeRjets - 148 ()-BR(1)=BR(c)=0% ATLAS CONF-2016.057
o< 0 45largeRjets - 148 m«?;-ew 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 - 154 510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016.084
2ep 2b - 203 | @ 0.4-1.0 TeV BR(7y —sbe/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, i—c¥] 0 2c Yes 203 |& 510 GeV' m(E))<200GeV. 150101325
!
“Only a selection of the available mass limits on new states or -y
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.1. refs. for the assumptions made.

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

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

ADD Gk +g/q - 21j 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 1606.02265
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 Gk — HH — bbbb - 4b - 133 ATLAS-CONF-2016-049

Bulk RS gxx — tt feu =1b =102 Yes 203

925 150507018
Tier (1,1), BRI — tt) =1

g
B
w
P 2uep/RPP Teu =2b24] Yes 32 ATLAS CONF-2016-013
SSM Z' — (£ 2ep - - 133 ATLAS.CONF-2016.045
2 SsMZ' o 27 - - 19.5 1502.07177
S Leptophobic 2/ — bb - 2p - 32 1.5TeV 160308791
o o PR — s oonEsonest
@  HVT W' > WZ - ggvvmodel A Oep 1J Yes 132 24TeV =1 ATLAS-CONF-2016.082
§= HVT W’ — WZ - qqqq model B — 24 - 155 3.0TeV & =3 ATLAS CONF-2016-055
HVT V' = WH/ZH model B multi-channel 32 231 TeV & -3 1607.05621
O LRsM W) - tb eu  2b01] Yes 203 14104103
LRSM W}, — tb Oep =21b1J - 203 1408.0886
—| Claqaq - 21 - 15.7 19.9TeV nu— -1 ATLAS-CONF-2016-069
S ciltaq 2ep - 32 252TeV u — 1607.03669
Cl uutt 2(55)/>a epz1b21] Yes 203 [Cerl = 1 150404505
Axial-vector mediator (Dirac DM) 0 et 1) Yes 32 £-0.25, g,1.0. m(y) < 250 GeV/ 1604.07773
B | Axavector mediator (Dirac DM) O 1y 1] Yes 32 £4-0.25, 8,=1.0, m(x) < 150 GoV. 160401306
ZZyy EFT (Dirac DM} Oei 1451 Yes 32 m(x) < 150 GeV ATLAS-CONF-2015-080
o | SealarLQ 1 gen 2e 22j - 32 p=1 1605.06035
= ScalarLQ 2™ gen 2p =2j - 3.2 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen feu 21b23) Yes 203 s-0 1508.04735
VLQTT - HE+ X Teu 22b23] Yes 203 Tin (T8 doublet 150504306
VLQYY - Wb X Teu =21b23] Yes 203 Yin (B.Y) doublot 150504306
E‘ﬂ VLQ BB - Hb+ X Teu 22b23] Yes 203 isospin snglet 1505.04306
S VlaBB - Zb+ X 2/>3 ey z22ib - 203 Bin (B.Y) doublet 1409.5500
L & viqQQ - Wawg Teqn 4]  Yes 203 1509.04261

FEE i T3 s — Wewe 2SS)23en21b,21] Yes 32

ATLAS-CONF-2016-032

Excited quark * — qy 1y 1 - 32 only u and d" 1512.05910
B @ Excitedquark g’ — gz - 2j - 157 only u* and d", A = m(q") ATLAS-CONF-2016-069
.% 8 Excited quark b* — bg - 1b,1] - 88 ATLAS-CONF-2016-060
S £ Excited quark b — Wt lor2eu 1b,20] Yes 203 1510.02664
W8  Excited lepton ¢* 3eu - - 203 14112921
Excited lepton »* Bept - - 203 A-16Tev 1411.2921
LSTC ar - Wy Teudy - Yes 203 14078150
LRSM Majorana » 2ep 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 3eut - - 203 DY production, BR(H;™ - fr)=1 14112021
Monotop (non-res prod) ey 1b  Yes 2083 " 14105404
Mult-charged particles - - - 203 DY producton, lg| = 5e 1504.04188
Magnetic monopoles - - 7.0 DY production, Ig| = 1gp, spin 1/2 150908059
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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)

Indirect searches: precision measurements in EW sector (Higgs couplings, sin26,

mw.



W mass measurement

In the electroweak sector of the SM, the W mass at the loop level:

t
, m3, na ™o
my, (1 - — ): (1+Ar) aae W
m= “/EGF b
H
In SM, Ar reflects loop corrections and depends onm and Inmy, W W

| The relation between My, m,, and M, provides stringent test of the SM
and is sensitive to new Physics
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Status of the measurements

Higgs mass

Phys. Rev. Lett. 114, 191803

Top mass

ATLAS and CMS

—e—iTotal
LHC Run 1
ATLAS H—yy e
CMS H—yy =

ATLAS H—ZZ -4l

CMS H—ZZ —4l

Stat. 1 Syst.
Total  Stat. Syst.
126.02 + 0.51 (+ 0.43 + 0.27) GeV

124.70 £ 0.34 (+ 0.31+ 0.15) GeV
124.51+0.52 ( £ 0.52 £ 0.04) GeV

125.59 +0.45 (£ 0.42 £ 0.17) GeV

ATLAS+CMS yy I-—EI-I 125.07 £ 0.29 (+ 0.25 + 0.14) GeV
ATLAS+CMS 41 I—}E—I 125.15+0.40 (+ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l I—& 125.09 £ 0.24 ( £0.21 £ 0.11) GeV
PR R R T [ TR S T T NN TR S WA AN NN S SN ST NN NN S S S A S SR SN SN T SN SR SN ST N
123 124 125 126 127 128 129
m,, [GeV]
Mass of the W Boson

Measurement ;

M,, [MeV]

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

stat

total uncertainty total stat

Mygp = 173.34 £ 0.76 (0.36 = 0.67) GeV Migp  fotal (stat * syst) 5 Ref.
ATLAS, l+jets (*) 172.31+1.55 (0.75 + 1.35) 7TeV [1]
ATLAS, dilepton (*) 173.09 + 1.63 (0.64 + 1.50) 7TeV [2]
CMS, I+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 (0.69 + 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) 1.96-7 TeV [7]
ATLAS, I+jets 172.33 £1.27 (0.75 + 1.02) 7TeV [8]
ATLAS, dilepton 173.79 +1.41 (0.54 + 1.30) 7TeV [8]
ATLAS, all jets 1751+1.8(1.4+1.2) 7 TeV [9]
ATLAS, single top 1722+ 2.1 (0.7+ 2.0) 8 TeV [10]
ATLAS, dilepton 172.99 £ 0.85 (0.41£ 0.74) 8TeV [11]
ATLAS, all jets 173.80 + 1.15 (0.55 + 1.01) 8 TeV [12]
ATLAS comb. (I{:gzgl‘f 172.84 +0.70 (0.34 + 0.61) 7:8TeV [11]
CMS, l+jets 172.35+0.51 (0.16 £ 0.48) 8TeV [13]
CMS, dilepton 172.82+£1.23(0.19+£1.22) 8 TeV [13]
CMS, all jets 172.32 + 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top 172.60 £ 1.22 (0.77 £ 0.95) 8 TeV [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] EurPhys.J.C72 (2012) 2202
(5] EurPhys. J.C74 (2014) 2758

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

[8] Eur.Phys.J.C75 (2015) 330
[9] Eur.Phys.J.C75 (2015) 158
[10] ATLAS-CONF-2014-055

(") Superseded by results
shown below the line

[11] arXiv:1606.02178

[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

CDF 1988-1995 (107 pb™) '—v—.—' 80432 + 79

DO 1992-1995 (95 pb) ———@—— 80478 + 83

CDF 2002-2007 (2.2 fb™) -0~ 80387 + 19

DO 2002-2009 (5.3 fb™") -—0— 80376 = 23

Tevatron 2012 -’- 80387 + 16

LEP + 80376 + 33

World average -‘- 80385 + 15 U
: {

L L . L ; | L . L J
80200 80400 80600

M,, [MeV]




Tevatron results

CDF experiment:
Phys. Rev. Lett.108 (2012) 151803

DO experiment:
Phys. Rev. Lett. 108 (2012) 151804

electron channel
~5.3 fb-1 integrated luminosity

electron/muon channels
2.2 b1 integrated luminosity

mw= 80387+12(stat)+15(syst) MeV | mw= 80375+11(stat)+20(syst) MeV

AMw (MeV)

Source Uncertainty (MeV) Source mr PT L
Lepton energy scale and resolution 7 giggggﬁ i:se;‘ﬁ;liigillsf:ggn 126 127 136
Recoil energy scale and resolution 6 Electron shower modeling 4 6 7
Lepton removal 2 Electron energy loss model 4 4 4
Hadronic recoil model 5 6 14

Backgrounds 3 Electron efficiencies 1 3 5
pr (W) model 5 Backgrounds 2 2 2
Parton distributions 10 I Experimental subtotal 18 20 24
IGE'D — [PDF 11 11 14
radiation 4 OFD  GEE— 9

W -boson statistics 12 Boson pr 2 5 2
Production subtotal 13 14 17

Total Y ot 22 24 29

| My, = 80387 % 16 MeV}




W mass @ LHC

Challenging environment @LHC: pileup, need a high experimental precision and an
accurate theoretical modelling

proton antiproton proton proton
T, T =1 W - (o) |
v l\ l’v .“‘ - d_ \ u\l "|
- - Negligible N / N
¢ d, \ d:» ! — =1 “ /_1_\
- |/u \\ md u \l
- 4 O u

W+/W- production is asymmetric —> charge-dependent analysis

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).

The W polarisation is determined by the difference between the u, d valence and
sea densities



CERN Seminar 13/12/2016  Despite the challenge!

Measurement of the w boson mass
Wwith the ATLAS detector

M. Boonekamp (IRFU)
on behalf of the ATLAS Collaboration

CEAN Courler January/February 2017

News

LHC EXPERIMENTS

ATLAS makes precision measurement of W mass

arXiv.org > hep-ex > arXiv:1701.07240v1

High Energy Physics - Experiment
Measurement of the W-boson mass in pp collisions at 4/s = 7 TeV with the
ATLAS detector

ATLAS Collaboration paper is submitted to EPJC ~New.
(Submitted on 25 Jan 2017) 8 /\\




Strategy of the measurement (I)

Not possible to fully reconstruct W mass

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

P = = (P +iir) . mr = \/ 2P (1 = cos Ag)

ut being the recoll

In W, Z events -ut provides an estimate of the boson pr

Categories for the measurement:

SN W v

Decay channel W — ev W — uv
Kinematic distributions P&, m P&, mr
Charge categories W+, W= W+, W=
Ine| 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 9



Strategy of the measurement (ll)

Template fit approach: compute the pt' and mt 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?
oC
2 _ 02)\2 4712 2
dm  (m* —mi,)* + m*l'y, /my,
> Olg——71T 71— 177 T _E,ﬂ I L
= ATLAS Simulation ‘€ 0.12— ATLAS Simulation
3 1s=7 TeV, pp— W +X —— A my=-50 MeV 3 0 1:_ \s=7 TeV, pp— W*+X
Lo — A m,,=+50 MeV © E — A m,,=+50 MeV E
2 & 0.08F =
© @ - .
£ E o008 =
2 2 = ]
0.04F -
0.02— —
é 1.01 i_ ...................................... = E 1 .012_ _______________ e o T o _z
2 e — 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.
10



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= —=u v 1001592 769 876 916 163 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

11



Z-boson sample

P 2= u]

Benefit from the fully reconstructed mass in Z-boson

j sample to validate the analysis and to provide significant

| experimental (lepton and recoil calibration using resp. mz
measured at LEP and expected momentum balance with
p7') 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

T ———

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)

12






ATLAS detector

Inner detector (|n|< 2.5, B=2T)
Tracking, vertexing, dE/dx, e/x ID

> 0o/p; ~3.8x10-4p(GeV)20.015

Hadron Calorimeter (|n|<5)
Trigger and meas. of jet/Emiss

» Si pixels, Si strips, Trans. Rad. det. » Fel/scintillator (central), Cu/W-LAr (fwd)
1 > o/E ~ 50%/NE(GeV)o3%
m
e PTNR L

4 Magnets Superconducting

- 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%

25m

§

e MDD “F‘-
Ly

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Muon spectrometer (|n| < 2.7)
Trigger & meas. of muon

» CSC+TGC+RPC+MDT

» 0/p; <10 % up to 1 TeV

Toroid magnets

LAr eleciromagnetic calorimeters

Semiconductor tracker

14



Muon Calibration & Efficiency

510055 ATLAS

: . : : 1.0045 5=7T V,4.1 b 3

Muon identified using combined ID+MS 1.003E- e E
tracks, momentum measurement from ID only. 1.002E- =
1.001E =

Calibration factors for ID-only muons derived e i E
from Z—>uu and sagitta bias charge- 0.998E- E
dependent corrections from Z—>uu and E/p 0.997 s 0.0<nj<0.8, slope = -0.031:+ 0.023 E
0.996] - 02<nict sope - 0042002 :

of W—>ev. Eur.Phys.J.C 74 (2014) 3130 0.995F v 2.04ni<24. slope - 0103 + 0.085 E

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
0.016 0.018 0.02 0.022 0.024 0.026 0.028
1/ <p_(w)> [GeV]

pFI}/IC,corr _ p,IMC X [1+a(n,¢)] x [l + Beurv(n) - G0, 1) - P¥CJ

d 51-015_""|""|""| """" o]

data.corr pTata 5 - ATLAS —M— Reconstruction
Pt = N data S 101F1s=7TeV, 4.1 —A— Trigger -
L +q-0(n.¢)- Pt % - Isolation ]

$ 1.0051- . | -

o A ]

g ;f--.--..k---:k: .......... I N

Muon trigger/id/iso efficiency corrections data/ - ! B
MC evaluated in bins of pt', n and charge. 2 0.995F E
o - ]

Dominant uncertainty is the statistical S0 * & e . o a
uncertainty of the Z sample. 0.985 =
Covv v v v v b v v b v v by o | Lo v by g 0

15



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, 4.1 fio! E]B;I:;:t)und g ; 120 \s =7 TeV, 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_ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" _E
(O] ~ F —— - 7
D’h. 1 '|'+++++'|"-|-'+'+++++++++""'4-0-+"_"++""H~.|.+++++++++++H+++:E E 1;-_'_ ------------- - _'_'_:_
; ] O _z ..(E 0.95 ;_ ............... o S S e e =
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 pgT 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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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 ) . Zee
w31 layer inter- USRTOmiEtY scale —>
) . corrections i i
calibration calibration
6 Jipee 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
G 30000£ \s = 7 TeV. 4.6 fb-! BZ-ee = - Electrons, ||<0.6 +Jy —ee .
g 250003_ B T [ Background _f 0.02— #7Z - ee —
- - - u Calibration uncertainty J
£ 20000F E 0.01— -
= 15000 — . "
10000 = O E— E—— —
50002_ _; -0.013— —f
O 05ET i fad e s = -0.02}— -
£ Oi iTH++++++++++H+++Mﬂ++ﬂ+++++++++++++++H - ATLAS Vs=7 TeV, ILdt: 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 105 88 9.9 78 145 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 147235 21.1 194 30.7 30.5 | 14.2 14.ﬂ




Recoil Reconstruction

Vector sum of the momenta of all clusters measured in the calorimeters

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 uj (u.) from Z events

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

= 8 e e T T = 16— BERRERERS 7
) - ATLAS = 3 - ATLAS =
S TE\s=7Tev, 4110 = S 155F \s=7TeV, 4.1 fb" =
- :_ +Data 7 3_| :_ +Data _:
o 6F —#— Z—uu (before corr.) ==""= g 15¢ —#— Z—up (before corr.) ]
+ - —— - o) - .
= 5E —— Z—uu (after corr.) —— = 14.5F —— Z—up (after corr.) .
=] - == - e .
v - -— ] - -
4 - 14— ———8—
- —e = = —_—— —_——
3 — 13.5— —_—— —_— -
oF = 13y == -
= = 12,51 E
- | | | Lol | | | | . - R I ! | | | | =

Data / Pred.

-0.4 0.96

0 B 10 15 20 25 30 35 40 45 50 0 B 70 15 20 25 30 35 40 45 50

Data - Pred. [GeV]
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Recoil Calibration

- x10° - X.1.QS.
140_‘"'|""|""|""I""I""I""I """" ] : |""|""|""|'"'|""|""|""|""|"":
o - ® Data - D - ATLAS e Data B
(c?l 120 ATLAS | —— Z—u*p- (before corr.) — g 120: \s=7TeV, 4.1 b’ —— Z—p*u- (before corr.) 7
« C \s=7TeV,4.11b [ Zop'u- (after corr) 3 Ny B Z-ptu (after corr.)  —
12 100— — [ 7
(e C . c ]
o 80 E L%’ :
o eoE E E
40F- 3 =
20F- = p
S qos L E 3
< 0 951,: 1'++++++++++++¢¢*Ww#¢ﬂ f &
g S0 i 8020 {0010 20 30 40 %0 £
a W +p! [Gev]  °
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
ATLAS  $E; correction 09 122 1.1 102 1.0 112
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 26 142 27 11.8 |
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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.

/ !, Electroweak corrections
- QED FSR and ISR (included)

liPhysics modelling corrections W

missing higher order effects
and FSR pair production
PDF (uncertainties)
QCD
‘Sam— EW QED X | .
ﬁ* . x 0 . QCD corrections
’ - %4 %; L 7
;Q \ p \r - pT distribution
/"MA’%’\W\ - polarisation
— 5_\ - rapidity
m" \ J N\ [2
S
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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
omwy [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

= .

49 26 56



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 A; (pr, )‘)H(@
i=0

5 —
Breit-Wigner ; Parton Shovy

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]

750 - e = 200 .
~ooE ATLAS E 2 L gof ATLAS E
650z_\s=7Tev,46fb1 E > __ F\s=7TeV,46fb" -
= ppoW X ] 3 1605 s 7% E
600#=== = T 140 =
550[ —% 1zoE=_-E_— ==, =
5001 = 100 == =
- = o == ]
450 = 80 —
400 e . = 60 =
- " . - ]
350F —# Data (WW e 4oj—+ Dat i
- —— Data (W) = - ata ]
S00F" s Predlctlon (CT10nnIo) E 20 g Prediction (CT10nnlo) *=
— ||| | ||| | I |||||||||_ C1 1 I 111 | 111 I (| I 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111

25002 04 0608 1 12141618 2 0504 0 02040608 1 12141618 2 2204
m| Iy|||

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

& 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 —
O“‘I II I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 |_ O.' 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 pff mr

Angular coefficients 5.897 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]  1.71+0.03
ISR af®(mz) 0.1237 + 0.0002
. . ISR cut-off [GeV] 0.59 £+ 0.08
The agreement between data and Pythia AZ is better 5
X2, /dof 45.4/32
than 1% for pt<40 GeV

- crrrrrrrrrprrrr T T T T T T [rrrrprr T 3 T T T T T T T T T T T T T

%J 0.08:- ATLAS —— Data = % Data uncertainty | ATLAS ]

O, go7E's=7TeV, 471" —— Pythia 8 4C Tune] S 1 L — PYTHIAB 4C h

o - ppoZ+X —— Pythia 8 AZ Tunef % T[] PyTHIAS AZ ]

S 0.06F = 5 i ]

B C - o L _

O  0.05 = o 1

2 - . N ]

A 0.04:— —: - 4
0.035 = 0.9 ]
0.02F% -
0-012— —i 0.8 \(§:7TeV;ILdt =471 | ]

T e e e e e . 1 ! ) | L b N R A
0 5 10 15 20 25 30 35 40 1 10 10
pl [GeV] pZ [GeV]

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

W-boson charge W+ W= Combined
Kinematic distribution p{: mr p% mr p% 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 pt4data; 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
S 1.2¢ _ . N 1.04——7— 17—
< ... ATLAS Simulation < - ATLAS Simulation -
1.15 . C i
© 55 Vs=7 TeV, pp— W +X, pp— Z+X ._fcl’ 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 - -
g S 101 .
0.95F C ]
- B Pythia 8 AZ "-.______- - ]
0'95 —— DyRes 1.0 — 1: i
0.85F — Resbos - ]
- — CuTe 0.99 —
0_8_l co by b b by b v b by _I coa v v by v b s by v v by v by by |_
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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To validate the choice of Pythia8 AZ for the baseline, use uy! distribution which

W transverse momentum (ll)

very sensitive to the underlying ptW distribution

IS

—> provide a data-driven validation of the accuracy of our Pythia8 AZ

model and compare to other calculations

E 1_03_ T T T T | T T T T T I T T T T I T T T T ] -'g 1 _1_ T T T T I T T T T I T T T T | T T T T | T T T T i
© - ATLAS W* = pv 1 =2 - ATLAS W — .
01.025F ° ) —¢— Data = - - i —— Data 7
S 4ok 'ST7TeV. 4 o' e pythia 8 AZ 3 S 108 ys=7TeV, 410" e pyniagaz -
o YeE — — DYRES = 2 T — — DYRES ]
o 1.01 52_ —— Powheg MiNLO + Pythia 8_; 0 1.06 _—|_1 ]| Powheg MINLO + Pythia 8]
- . B - ’
1.01 _ 1.04F -
1.005k = B :
1: 3 1.02 ]
0.995= = 1
0.99F = 008
0-985: ! ! I ! ! ! ! I ! ! I ! ! | ! ! | ! ! ! : . 1 | 1 | 1 1 1 1 1 1 1
0 5 10 15 20 25 30 30 -20 -10 0 10 20 30
ur [GeV] ul [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) 10T

1

IIII|IIII|IIII|I:III

0.99
Largest deviation of pt(W)/pt(Z) for the parton 0.98E
inti . i = ---LO PDF W* — Total W*
shower PDF variation: CTEQ6L1 LO (nominal) 097} e 1w
tO CT14IO, MMHT2014|O and NNPDF2.3|O 096:||||||||||||||||...I|.|||...|I|||.I....
0 5 10 15 20 25 30 35 40
P, [GeV]
W-boson charge w+ W~ Combined
Kinematic distribution ps mr  pt o mr  pL mrp
Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower pup with heavy-flavour decorrelation 5.0 6.9 50 69 5.0 6.9
Parton shower PDF uncertainty 36 40 26 24 10 1.6
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Reducing ptW uncertainties

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

Phys. Rev. D 85, 012005  arXiv:1701.07240

N L L L B L B B L B
+ T4EATLAS —4— Data E
1.3 (s =7 TeV, pp—Z+X, 4.7 fo” —¥— Pythia 8 AZ Tune
1 o Vs=7TeV, pp—>W+X, 30 pb™ =
R =
- = E
0.9F —~
0.8 e =
0.7E ' —
0.6 =
0-5:l | I | | I I 11 1 1 | | I I I 11 1 | I | I I | 11 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.

2 0.012 e

5 - ATLAS Simulation .

g 0.01~ {5-7 TeV, Powheg + Pythia 8, W* .

Only relative variations of the goos- o criol -

. C — CT10, pT-constralned i

pT(W) and pt(Z) induced by PDFs 0.006 [ -

are considered. 0004, E

0.002— B

05 ]
W-boson charge w+ W= Combined
Kinematic distribution p%i mr pg mr p% 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~ ECombined |
Kinematic distribution pL  mr pL  mr pL  mr
dmw [MeV]
Fixed-order PDF uncertainty 13.1 149 120 142 |80 8.7
QCD AZ tune 30 34 30 34 30 34
| Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower pp 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 I! 1.6 12.9
Decay channel W — ev W — uv
Kinematic distribution pL mr pL mr
omw [MeV]
E EW! 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 4.4 0.8
Total 4.9 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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Z control distributions: pr1, ¥y

Z tranverse momentum and rapidity distributions in e, 4 channels

e e L e > LN =
& 20000F- ATLAS ‘e Data = © 450005~ ATLAS -e-Data =
O 18000 | . Z-e'e = O o 4 AN
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0 E \s=7TeV,4.61b [JBackground 3 0 [C]Background 3
o 16000~ g E S 35000 3
~ 14000~ E & 30000 3
g o -
> = 3 o2 =
T so0ok E {1 20000 E
60005 = E
ge i ' ] S 1.05E E
1.05 oS o
o E +
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s 0.95E : : o 0.95F ‘ \ \ \ , g
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— L ' T L I— 40000 (T TTrrrrrrrrrryrrrrr T T T T T T T T
S 25000/ ATLAS e S = ATLAS -8-Data E
~ E \s=7TeV,4.6fb" W Z-ee . ~ 85000F \s _ 7 TeV. 4.1 fb" AT =
[ E [C1Background 3 £ 30000E- ’ []Background 3
GCJ 20000 — —] S o E
: - . 3 25000 =
15000 — 20000 =
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E ] 10000 & =
S000E E 5000 4 E
5 : ) ] D 1.05E
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Good agreement is obser”vedé6Error 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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. e m, (Fit)
pIT’ Zoee ATLAS o . Stzat. Uncertainty
Vs=7TeV, 4.1-46fb" — Full Uncertainty
| 7 +- w==m, (LEP Comb.)
Pr e B ® +T:ull Uncertainty
p'T, Z— I'l ®
my, Z— e*e” ®
My, Z— W ®
my, Z— I'T @
1 I 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
Lepton charge A I 1 Combined
Distribution s mT s mr | s mr
Amyz [MeV] 38
Z — ee 13+314+10 —-934+£38+15 —-20+£31+10 44+38+15 | —3+214+£10 —45£27+15
Z — b 1+£22+ 8 —-35+£28+13 —-36+22+ 8 —-1+£27x13 |—-17x14x 8 —18x£19x13}
Combined 5+184+ 6 —-58+23+£12 —-31+18+ 6 1+224+12 |—124+124+ 6 —294+16+12

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




Backgrounds in W

>

Electroweak and top-quark backgrounds are 8 \s=7TeV, 4.1 fo" W s EW
determined from simulation £ o top
Multijet background is determined using data-driven
techniques:
- define background-dominated fit regions with

relaxed cuts of the event selection y L
- template fits in these regions to 3 observables: § Oﬁm...wm” l]l

pr™ss, mt and pr/mr 5 095 Yo e —— ++ .......................... E

. . . . 0 10 20 30 40 50 60 70 80 90 100
- control regions are obtained by inverting the P [GeV]

lepton isolation requirements

W — pv
Category | W=7 Z—puu Z—77 Top Dibosons Multijet Kinematic distribution pt&‘ mr
W*0.0<|p <08 ]| 1.04 2.83 0.12  0.16  0.08 0.72 Decay channel Woe W W — ev W — v
WEo0s<g<14 | 101 4.44 011 012 007 0.57  W-boson charge wr w- wt ow- wt W Wt W
WE14<|p <20 | 099 6.78 011 007  0.06 0.51 S [MeV]
+ w
VoS ,‘7’7]'3;52'4 S R e - W — v (fraction, shape) 0.1 01 01 02 01 02 01 0.3
W+ all  bins 0.99 4.80 010  0.09  0.06 0.51 Z — ee (fraction, shape) 3.3 4.8 - - 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
Category | W—7v Z-—ee Z-—71r Top Dibosons Multijet WW, WZ, 27 (fraction) 0.1 0.1 0.1 0.1 0.4 0.4 0.3 0.4
Top (fraction) 01 01 01 01 03 03 03 03
S;i 82 2 }nl 2 (l’g 18(2) gig gg 812 882 857)2 Multijet (fraction) 32 36 1.8 24 81 86 37 46
WE 1.8 < \ZI <24 | 097 3.23 011 005 005 171 e e 88 Sl 16 L0 S B2 24
W= all n bins 1.00 3.37 0.12 0.12 0.07 1.00 Total 6.0 6.8 4.3 53 126 134 6.2 74 |
W+ all 5 bins 0.98 2.92 0.10 0.1  0.06 (e — — — - . _ |
W~ all 7 bins 1.04 3.08 0.14 013  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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Entries /0.2
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control distributions: n, pr
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W mass-sensitive distributions: pr' 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

— 80700 —
% - ATLAS Ap. (W) [JStat. Unc. S 80700; ATLAS Ap (W ") [Stat. Unc.
< 80650 Vo, "(W)  —Total Unc. § 80650 vp (W) —Total Unc.
;80600:_ Vg 7 Tev 4.6 fb 1 A mT( ) DStat- Unc. — - V_ 7 TeV, 4.1 fb_1 A mT( ) []Stat. Unc.
= = : . ¥ m (W) —Total Unc. E§80600:— . . ¥ m (W) —Total Unc.
80550 W eV | — Comb Fit []Total Unc. 80550E W By | | —Comb Fit []Total Unc.
80500 ; | ; 80500E- | 5 |
804501 | | | 80450F- + | | + |
80400 . + ? | 80400 + + | + (i + + ?

Y AT A | - B A A BB
803505+ + + l + : l # 803505+ I + + : | AT J' AY
80300F U | | 80300F- ; ; ;

802501 i i i 80250 i | |
80200" ’ ’ ’ 802005 : ’ ’
O.O<|1'|||<0_6 O.6<|nl|<1,2 1_8<|nl|<2_4 0.0<h‘|||<0.8 0.8<|T]I|<1.4 1.4<|n||<2.0 2.0<h]||<2.4
Category Category
pl, W I'v T T e LT T T T T T T  my, (Partial Comb.)
p'T, W=y ATLAS : = Stat. Uncertainty
Y= -1 — Full Uncertainty
P W = va_ | Vs=7TeV, 41-46f7 ——e—r — m,, (Full Comb.)
My, Wi I'v ® Stat. Uncertainty
m;, W—Tv : PS Full Uncertainty
i e R e - - e Fitting ranges:
P W= etv ——
m,Wsetv | ~— 32<pr' <45 GeV,
I t +
PV 1 - 66<m7<99 GeV
mp Wiowlv | ____T__i.= o ____
my p' , W= Ity —a——
mT p| W=lv —_—
me-pl, W= Fv T ———

80280 80300 80320 80340 80360 80380 80400 80420 80440 80460
43 m,, [MeV]



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

80369.5 + 18.5 MeV,

QCD EWK PDF Total |

Combined Value | Stat. Muon Elec. Recoil Bckg.
categories [MeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unc.
Cmr-ph, WE e-u | 80369.5 | 68 66 64 29 45 83 55 92 185
I I I I ;‘ B T I T I T T T T I T T T T I T ]
ATLAS ® m, fo - ATLAS — m, =80.370 £ 0.019 GeV -
== Stat. Uncertainty 9 80.5[~ B m=17284+0.70GeV
— Full Uncertainty E; e En m,, = 125.09 + 0.24 GeV
80.45— W 68/95% CL of m,, and m, —
LEP Comb. 5037633 MeV N 7]
Tevatron Comb. @-30387:16 MeV 80.41 ~ -
LEP+Tevatron PS 80385+15 MeV 80.35 f ____________________________________________________ —:
ATLAS oA B 80.3 :_ """"""""" e 68/95% CL of Electroweak_:
- Fit w/o m,, and m, ]
Electroweak Fit —?—8035&8 MeV - (Eur. Phys. J. C 74 (2014) 3046)
| | | I 80 25 C | 1 1 1 1 | 1 1 11 | 1 1 1 1 | 1 ]
80320 80340 80360 80380 80400 80420 . 165 170 175 180 185
my, [MeV] 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 and DO
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Conclusion

The first LHC measurement of mW = 80370+/-19 MeV is public now arXiv:
1701.07240v1 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

e




The uncertainty is dominated by theoretical modelling uncertainties, therefore
more work in this direction is required and a fully consistent model within one
simulation tool is needed.

The W mass measurement in CMS is ongoing. A first W-like measurement of the
Z mass was performed.

More data are available with the 8 and 13 TeV datasets which can be used to
improve the analysis and to further constrain the PDFs.

Experimentally, with the increase of the statistics in Z sample, most of the

calibration uncertainties can be reduced. While more work is needed on the
recoil with the increasing pileup.
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