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Outline ATLAS
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Vector Boson + X Cross Section Measurements”™  staws: March 2017
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W and Z precision measurements ATLAS

F — EXPERIMENT

W and Z vector are candles to test SM:
<> clear signature, large statistics and small background

<> benchmark for understanding QCD and EW processes
— predictions available at NNLO accuracy in QCD + NLO EW corrections
<> Sensitive to the dynamics of interacting partons — constraint on PDFs
<> Powerful tool for — detector calibration and alignment
— |luminosity monitoring

< W+/W-, W/Z and tt/Z Ratios
<l cancellation of some uncertainties (lumi+lepton-related+theoretical)
< Sensitivite to = Rw+w-to u,d-valence quarks at low Bjorken-x
— Rwwz to s-quark distribution
— Ruwz at a given Vs to gluon-to-quark PDF

o Z+jets
<l dominated by strong interactions = pQCD studies
<l background for SM, Higgs and new Physics
< very sensitive probe of different MC descriptions
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ATLAS

EXPERIMENT

) W and Z cross sections 13 TeV, 81 pb™
Ratio of cross sections in different lepton final states _
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) W and Z cross sections - Ratios

ATLAS

—— EXPERIMENT
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X tt/Z cross section ratios 7,8 and 13 TeV PATLAS

Single ratio Ruwz at '\/S =13 TeV JHEP o2 (2017) 117
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Differential Z+jets cross section 13 TeV, 3.2 fb™ PATLAS

at particle level as a function of jet kinematic variables arXiv:1702.05725
— comparison with NLO (BLACKHAT+SHERPA) and
NNLO (Z+=1jet Njetti) predictions

< LO prediction models a too hard jet
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W mass - Motivations 7 TeV 4.6 ﬂo;1 ATLAS

EXPERIMENT

F

2

2w 7@ a in SM, Ar reflects NLO corrections " ,
14 2 ) 2 wow W o W
ms, V2G, and depends on m2 and In(my) % & oM M M

< the relation between mw, mi and mn provides consistency test of SM
< probe for BSM — Ar contains contributions from additional particles and interactions
< in the global fit contest, constraints on new physics limited by W mass precision

*Phys.Rev. D88 (2013) no.5, 052018 LEP+Tevatron: Mw unc. ~15 MeV
Mass of the W Boson™ Best individual measurement from CDF: Mw unc. ~19 MeV

Measurement 5 M, [MeV]

CDF 1988-1995 (107 pb’) ¢ 80432 + 79 First measurement of W mass in pp collisions
DO 1992-1995 (95 pb™) ° 80478 + 83 @LHC by ATLAS

CDF 2002-2007 (2.2 fbo) 80387 + 19

.
o w7522 o Challenging environment @LHC:
Tevatron 2012 ? soserxie < second generation of quark PDFs play a larger role
*

DO 2002-2009 (5.3 fb™)

LeP werers - (25% W production)

World average 80385t 15

— additional uncertainty on PDFs

proton proton

L=+l W P
/ \ dl /
|'

80200 80400 80600 a
M, [MeV] o o
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W mass - Experimental Strategy | eXivizor.07240 ATLAS

lt EXPERIMENT
A Py
Recoil: sum of  Important components: charged lepton and
2 everything else - v
, A nataoted I the recoll to reconstruct pr
/ calorimeters

o B < mz measurements in Z-boson samples
A ; < provide experimental (lepton and recoil
( calibrations) and theoretical constraints from
main signaturé™ A comparison with LEP.

final state lepton

< additional systematics for Z = W extrapolation

* my from fits on pt' and mtW
for different values of my

140F

120 [ ] Background
100 x2/dof = 48/59

Events / GeV

< %2 minimisation gives the best fit template 80
60

< predictions for my reweighing my 40
according to the Breit-Wigner 20
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<! measurement in 28 categories
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W mass - Results arXiv:1701.07240 ATLAS

lt EXPERIMENT

Mmw = 80370 = 7(stat.) £ 11(syst.) £ 14(mod.) MeV = 80370 =19 MeV

Combined Value Stat. | Muon Elec. Recoil Bkg.| QCD EWK PDF | Total
categories [MeV] Unc.| Unc. Unc. Unc. Unc.] Unc. Unc. Unc.| Unc.
mr, pt, W%, e-pu 80369.5 6.8 | 66 64 2.9 45 | 83 55 9.2 |18.5

The uncertainty is dominated by theoretical modelling-

|
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== Stat. Uncertainty SN\
— Full Uncertainty h
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pectat\ona ¢ petitive \
Tevatron Comb. o-20387:16 MeV aV erage ar:“easuremer\ts/
LEP+Tevatron ® 80385+15 MeV /
ATLAS PA 80370+19 MeV
Electroweak Fit 80356+8 MeV
| | | | |
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m,, [MeV,

. |
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CMS Results

F

Differential Drell-Yan cross section

Comparison with NNLO predictions

2.8fb™" (13 TeV)

w aﬁ_‘d Z cross section ratios
Agreement with NNLO predictions.
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— EXPERIMENT

) Conclusions ATLAS
% W and Z cross sections at the % level in agreement with NNLO calculations

% W+/W-, W/Z and tt/Z ratios benefit from the cancellation of several experimental and
theoretical uncertainties

<l comparable with NNLO predictions

< W+/W- precision ~0.8% — discriminate among PDFs

% Z+jets differential cross sections at particle level for high jet multiplicity
< agreement with calculations at NNLO and NLO
< some deviations for LO calculations at pt¢t>200 GeV
< Z+bb@13 TeV measurement on going

* First W mass measurements @7 TeV with ATLAS
< consistent with SM predictions and the current world average value
<l uncertainty dominated by theoretical modelling (PDFs and QCD)
— future benefit in PDF uncertainty including most recent W/Z measurements

mw = (80370 + 19) MeV

* General agreement between ATLAS and CMS Poster di
<l The W mass measurement in CMS is ongoing ««=««=:- » Elisabetta MANCA

< Interesting W-like measurement of the Z mass, in agreement with world average.

. |
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W and Z cross sections 13 TeV, 81 pb™' ATLAS

F — EXPERIMENT
Phys. Lett B 759 (2016) 601
x10°
> - 310°E eDaa 3 N ~
§ 301 \AV-,-T_?S E % - Mé Stat. @ Syst. Uno. iTEXS -
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Cross Section strategy: t Backgrounds:
— Top-quark and EW from MC
fzd (8% for W, 0.7% for Z)
W/Z R(%) — — QCD multijet: data driven
(W = ev: 9%, W = pv: 4%)
Identification, Reconstruction Luminosit
and Trigger Efficiency Y osity
From fiducial vol full ph ot =gl (A
rom fiducial volume to full phase space: Oy /z = Oy W/Z

. |
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tt// cross section ratios 7,8 and 13 TEV ATLAS

EXPERIMENT

Dependence of 6 on Vs JHEP 02 (2017) 117
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Z+jets cross section 13 TeV, 3.2 fb” PATLAS

Differential measurements in several jet distributions compared to various simulations
<l very sensitive probe of different MC approaches, tuning
< Good agreement with calculation at NNLO (Z+>1jet Njetti) or NLO (BLACKHAT+SHERPA,
MG5_aMC+PY8 FxFx), while LO ME MG5_aMC+PY8 CKKWL models a too hard jet spectrum
< Some deviations for large jet pt (>200 GeV)
< HT is the sum of inclusive pT of final state objects
BLACKHAT (fixed order NLO ME) underestimates the cross section measurements due to
the missing contributions from event with higher parton multiplicity. = grXjv:1702.05725
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W mass - Experimental Strategy | arXivizor.07240 ATLAS

lt — EXPERIMENT

» Template fit approach: compute the pr'and mr distributions for different assumed
values of mw = y2minimisation gives the best fit template
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W mass - Muon Calibration ATLAS

F — EXPERIMENT

¢ Calibration of ID muons using Z
k° = (A]— 1)k HqM+

k

1+ kesind
magnetic mis- .
field alignement ~ material
= —_—
w 1.0055° ATLAS E '
1.0045 \s=7TeV, 4.1 fb” E 1s=7TeV, 411"
1.003E- E
1.002E- E
1.001E =
1= f
0.999F =
0.998 E
0006E. = Lo s o5 o 3 o
0.996: & Yo<mi<1A, =008 20 = 1.05
0.9955 -v- 20<hi<2.4, slope = 0.103 + 0.085 = a1 e i
0.016 0018 0.02 0022 0.024 0.026 0028 § 0'920 R W BN OEE B R W B
1/<p_(1)> [GeV] m, [GeV]
|ne| range (0.0, 0.8] [0.8,1.4] (1.4,2.0] (2.0,2.4] Combined
Kinematic distribution P'(r mr P'(r mr P’lr mr p-’r mr P'(r mr
dmw [MeV]
Momentum scale 89 93 142 156 274 202 1110 1154 84 88
Momentum resolution 1.8 20 19 1.7 15 22 3.4 38 1.0 1.2
Sagitta bias 0.7 08 T 4 1.7 3.1 3.1 4.5 4.3 0.6 0.6
Reconstruction and
isolation efficiencies 40 36 5.1 37 47 35 6.4 55 2.7 2.2
Trigger efficiency 56 50 71 50 118 91 121 99 41 32
Total 114 114 169 170 304 31.0 1120 116.1 {98 9.7

e ———

d
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) W mass - Electron Calibration
» Exclude bin 1.2<letal<1.82 as the amount of passive material
and its uncertainty are largest

ATLAS

EXPERIMENT

Eur.Phys.J.C 74 (2014) 3071
% T ] 1 T L] T 1] L] 1] g 0'03,_"|""|""I""l""l""I""l"xll""l"'
O - Electrons, f|<0.6 +Jiy > ee -
S 0.02— *Z-ee -
~ o Calibration uncerlainly
£ 0.01F =
[} . -
o : -
] = W — NN WS S -
-0.01H B
B os -0.02 -
P~ 0,95 00 < | TP S DU I DU P salssaslssss
'053 80 82 84 86 88 900 92 94 96 98 100 10 20 30 40 50 60 70 80 90 100
m, [GeV] E; [GeV]
|ne| range [0.0, 0.6} 0.6, 1.2 (1.82,2.4] Combined
Kinematic distribution Py mr py mr py mr py mr
dmw [MeV]
Energy scale 104 103 108 101 16.1 17.1 8.1 8.0
Energy resolution 50 60 73 6.7 104 155 35 55
Energy linearity 22 42 58 89 86 106 34 55
Energy tails 23 33 23 33 23 33 23 33
Reconstruction efficiency 105 88 99 78 145 110 7.2 6.0
Identification efficiency 104 7.7 1.7 88 167 121 73 56
Trigger and isolation efficiencies 0.2 0.5 > 0.5 20 22 08 09
Charge mismeasurement 0.2 02 02 02 1.5 1.5 0.1 0.1
Total 190 175 211 194 30.7 305 142 143
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W mass - Recoil Reconstruction and Calibration ATLAS

EXPERIMENT

F

¢ Vector sum of the moment of all clusters measured in the _
calorimeters

¢ Calibrate the scale (resolution) of the recoil using ull (uLl)
from Z events

>
®
- |8 =7 TeV, 4.1 fb" — Z-*- (before corr)
‘\0 B Z-»u'u (atter corr.)
<
@
>
hadronic recoll w
*
ur
1,08
E 1 "':;;ﬂct:-'::g
~ 095 E
£ 0 ETi0 15 20 25 30 35 40 45
e u; [GeV)
W-boson charge W+ W= Combined
Kinematic distribution I"[r mr I"lr mr l”’r mr
dmw [MeV]
(p1) scale factor 0.2 10 02 10 0.2 1.0
ATLAS %2, correction 09 122 11 102 1.0 112
Residual corrections (statistics) 20 27 20 27 20 27
Residual corrections (interpolation) 1.4 3.1 1 3.1 14 3.1

: A :
Residual corrections (Z — W extrapolation) 0.2 58 02 43 02 5.1

Total 26 142 27 118 I‘Z.(i l3.()|

12
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