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W and Z boson production:

* benchmark for QCD and EW processes,
 rapidity distributions sensitive to PDF
(initial kinematics)

 test models of parton dynamics

* charge asymmetry for W™ and W-

|

10°

Total production cross section [pb]

10’

10°

jTleI IIIUHTI llllllﬂ] Illﬂm'[ lIlllmI IIIII"TI TTTT

This talk will cover:

o W and Z production in 5.02 TeV pp collisions
Eur. Phys. J. C 79 (2019) 128

o W cross section and W+/W- asymmetry at 8 TeV
arXiv:1904.05631 [hep-ex], submitted to EPJC
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https://link.springer.com/article/10.1140/epjc/s10052-019-6622-x
https://arxiv.org/abs/1904.05631

Measurement of W and Z boson production: selections

« Data collected in 2015 (¥s=5.02TeV, 25.0 pb!)
* Analysis channels: electron and muon
W, Z-boson selections:

hadronic recoil

» single lepton trigger e
» medium identification
» isolation requirement
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Measurement of W and Z boson production: calibrations

* Using Z-boson as reference
* Lepton calibration and efficiency correction (tag-and-probe method)
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* Recoil calibration (in situ corrections to the momentum scale and resolution of ur)

L F |

g 450;_ATLAS —; < 0"'|""I""N""I""I"":
E pp Vs=5.02 TeV 25 pb’! E S 450:atLas E
£ 400=5" T 4 E 5 400EPP 5=5.02 TeV 25 pb’” E
- 350:_ ¥oo = £ EZ-upw +7 3
~ E o MCuncalbrated = #+ 3 D 3505 o 3
2] = o 3 ~ E o MC uncalibrated E
c 300 o MC calibrated ; - §2] E o MC calibrated E
2 F e Data + 3 g 300° MO calbrated 4 2 3
w250 - 2 & 280" ™ =
200 S % 3 2005 * % 3
150/ E 150 % % 3
100= ¥ —~ B 100E- . . E
50E- == 3 501 - =~ =
- o~ = ], e L
B 15 E S - N WU OO S
i SN ey %-eg@%g&&a#-é- ------- E % 0'5; e = 3
8 055 , . ‘ E g8 80 20 -0 0 10 20 30

‘D“ -30 20 -10 0 10 20 30

U+ pf [GeV]

6/26/19 EDS Blois 2019, Quy Nhon, Vietnam



Measurement of W and Z boson production: background estimation

MC signal: POWHEG+PYTHIA

Backgrounds:

electroweak and top-quark from MC event samples
multi-jet - data-driven method

> mAEREEAARE RN AR R LA RN RAREE RN R
8 4000 & ATLAS =
~ E pp Vs=5.02 TeV 25 pb™'-
~ 3500 W* — ety E
8 3000 =
] F » Data E
i 2500 W >ev
2000F B Multi-jet =
. Z —>ee =
1500 mW — v 3
10005 Top quarks 3
g Dibosons 3
500 =
| | aale 11 "
0 10 20 30 40 50 60 70 80 90 100
ET*® [GeV]
o T T T T T
=z - ATLAS e Data i
> L pp (s=5.02TeV25pb’ —Z-see
io] r Z-e'e —4— 7
1500 -
i il%F-&- ]
i — ]
1000~ ¥ .
i + e
500+ 66<m ee<1 16 GeV _|
i pe>20 GeV .
— n,|<2.47 -
PR N S SN T ST ST TN AN TN AT SO NN SR S S RRT
-2 —1 0 1 2
y

6/26/19

ee

Entries / 2.5 GeV

L

dN/dy

=

T T
ATLAS .
pp Vs=5.02 TeV 25 pb™
W*" = utv _

e Data
W — uv
@ Multi-jet
Z > uu
mW — v
WmZ -1t
Top quarks
@ Dibosons

IIII|IIII|IIII|III[IIII

0 10 20 30 40 50 60 70 80 90 100
ET*® [GeV]

B L L L L B
2500~ ATLAS eData |
T pp Vs=5.02 TeV 25 pb —Z > up
L Z o ]
2000F Mg =
1500 -
C —— N i
1000 {
C 66<m <116 GeV ]
500 p$>20 GeV -
E - h]u|<2.4 o .

| PR TR T SN T T R A ST SRR SR S NN SR A WY SN N1

-2 —1 0 1 2
y

=
=

EDS Blois 2019, Quy Nhon, Vietnam



Measurement of W and Z boson production: fiducial cross section
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Combination of measurements using Best Linear Unbiased Estimate (BLUE)
x>/ Nys=3.0/5
Systematic uncertainties:

» Lepton calibration and efficiency ~1.3%

» Background evaluation ~0.2%

» Luminosity ~1.9%
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Measurement of W and Z boson production: fiducial cross section
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* Combination of measurements using Best Linear Unbiased Estimate (BLUE)
«  x?/Ny;=37.5/25
* Systematic uncertainties:
» Lepton calibration and efficiency ~0.8% - 1.4 %
» Background evaluation ~0.8%
» Hadronic recoil correction ~0.5%

» Luminosity ~1.9%
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Measurement of W and Z boson production: comparison with theoretical predictions
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Predictions — modified version of DYNNLO 1.5
NNLO at QCD and LO in EW theory

Predicted values in the central region of rapidity is lower than measured
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Measurement of W and Z boson production: comparison with theoretical predictions

NNLO QCD
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NNLO at QCD and LO in EW theory
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Predicted values in all regions of rapidity is lower than measured for W*
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Measurement of W and Z boson production: charge asymmetry

N 0.3251 aTAs E Lepton charge asymmetry:
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Predictions — modified version of DYNNLO 1.5

NNLO at QCD and LO in EW theory

Most of rapidity range prediction tend to underestimate the measured asymmetry by
few percent
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Measurement of charge asymmetry of W boson production: selections

« Data collected in pp collisions at Vs=8 TeV (20.2 pb!)
* Analysis channel: muon
* W-boson selections:

» single lepton trigger

» isolation requirement

> pr25 GeV
» ny<2.4
» ET™° > 25 GeV, m>40 GeV
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Measurement of charge asymmetry of W boson production: uncertainties
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* Main sources: modelling uncertainty (different level truth muon definition and
different generators), muon reconstruction, background estimation and missing energy
mis-modelling

* Measurements in positive and negative muon are important check of the correction

procedure
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* Some of sources are treated as correlated between W and W to reduce the impact on

A
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Measurement of charge asymmetry of W boson production: theoretical predictions
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e Theoretical predictions — DYNNLO with CT14 PDF set

* NNLO at QCD and LO in EW theory

* Data and theory agree well within the uncertainties (PDF uncertainty component
dominate for the theory predictions)

» Data precision is higher then the PDF uncertainty — useful for constraining and
evaluating performance of different PDF sets
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Measurement of charge asymmetry of W boson production: theoretical predictions
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Theory/Data

* Theoretical predictions — DYNNLO with different PDF sets
* NNLO at QCD and LO in EW theory
* Data and theory agree well within the uncertainties
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Measurement of charge asymmetry of W boson production: charge asymmetry
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* Theoretical predictions — DYNNLO with different PDF sets

* NNLO at QCD and LO in EW theory

* The comparison with ATLASepWZ16 and NNPDF3.1 include information from
ATLAS W charge asymmetry data at 7 TeV measurements (uncorrelated
measurements) and are closest to data
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Measurement of charge asymmetry of W boson production: charge asymmetry
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* Theoretical predictions — DYNNLO with CT14nnlo PDF set
* Same behavior for 7 (Eur. Phys. J. C 77 (2017) 367) and 8 TeV data:
* Compatibility test of the two measurements is performed taking into account all

uncertainties and their bin-to-bin correlations (assuming the two data curves are fully
uncorrelated): y? / Ny =14/9
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Conclusions

* Main results of measurements W and Z boson production at 5.02 TeV:

The first measurements of W and Z production cross section at 5.02 TeV
The results presented compliment the previous result at Vs=7,8,13 TeV
The combined cross sections are measured with a precision of 1.2-1.7%

Integrated and differential cross sections compared with NNLO QCD
predictions using different PDF sets showing 1-2 o deviation from the
obtained predictions

O O O O

* Main results of measurements of W cross-section and charge
asymmetry at 8 TeV:

o Cross-sections are measured with the precision of 0.8-1.5%
o Ajuncertainty 0.002-0.003 (absolute units)
o The measurement precision is better than the prediction uncertainties

o The measured data is sensitive to discriminate the PDF sets and serve to
improve the knowledge of proton structure
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W and Z boson production: background contribution

Background Wrsev W spuv) W o sev(W —spv) Zoee (Z—pup)
7] 7] 7]

Z 00 l=e,p 0.1 (2.8) 0.2 (3.8) -

WE S 0Fv, t=ep — — <0.01 (<0.01)

WE = 5 1.8 (1.8) 1.8 (1.8) <0.01 (<0.01)

Z—7tr" 0.1 (0.1) 0.1 (0.1) 0.07 (0.07)

Multi-jet 0.9 (0.1) 1.4 (0.2) <0.01 (<0.01)

Top quark 0.1-0.2 (0.1-0.2) 0.1-0.2 (0.1-0.2) 0.06 (0.08)

Diboson 0.1 (0.1) 0.1 (0.1) 0.14 (0.08)
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W and Z boson production:

background contribution
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