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MOTIVATING SINGLE W /Z MEASUREMENTS

» Didn’t we already measure the W and Z at LEP?

» How can we perform precision measurements at a Hadron
collider?

» Aren’t they just backgrounds to other processes and
calibration tools?
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LOTS TO LEARN FROM Z AND W

» Test perturbative QCD » Z angular coefficients
» Constrain proton PDFs > Anomalous Triple G
ple Gauge
» Assess parton shower Coupling
effects » New Particles?
» Evaluate approaches in

MC

Next to Leading Order and Parton Shower

Parton Shower

Next to Leading Order
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W /Z PRODUCTION MEASUREMENTS

» First measurements with » Ratios are powerful tools:
13TeV data » Mitigates 2% lumi
. . uncertainty
- BpsimelUsrtaingy Syl avan
Z : strange quark sea
» <3%forW » Wt /W~ sensitive to
» <1%forZ difference of valence
» With higher precision we quark flavour.
can constrain NNLO QCD > Very high prescision
measurement

calcula.tlons and EW > Provides large
corrections. constraints on PDFs
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W /Z-BOSON PRODUCTION CROSS SECTIONS AT

V/(s) =8 TEV
CMS@8 TeV: Phys.Rev.Lett.112(2014)191802
o(Z — 0¢) = 1138pb £ 0.07% (stat) £2.2% (theo) £2.6% (lumi)
ATLAS@S8 TeV: (Fiducial 66 < myy < 115GeV)Eurphys).c @o16)76:291
o(Z — 0¢) = 537.10pb £ 0.03% (stat) £0.45% (syst) £2.8% (lumi)
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W/Z-BOSON PRODUCTION CROSS SECTIONS AT
\/(s) =13 TEV
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Z. + JETS RESULTS AT /s=13TEV

10% T T T

» > Ratios of cross-sections njets
» cross-section as function of
kinematic variables.
» Calculations at NNLO
» Several generators (ATLAS)
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CMS W + JETS AT /s =13TEV
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EW W /Z + DI-JET PRODUCTION

» Test the gauge sector of SM

» Electroweak vector boson fusion (VBF)
is an important process for measuring
particle properties

» Important for VBF production studies

of Higgs boson
» Central boson
» roughly ten times lower » 2 highly separated jets
cross sections than QCD with high m;;
production. » low central hadronic

activity
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EW W /ZJ] RESULTS AT /s=8 TEV
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PHOTON INDUCED DILEPTON PRODUCTION

SEE ALSO TALK FROM LUCIAN HARLAND-LANG IN PDF SESSION

» OffShell DY measurements:
> qq —y— U
» Possibility to also Measure the
rate of photon induced process

vy — U

» Sensitive to new physics such

as Z’

» Large statistics allow
measurements at high invariant

masses

» Double Diffractive Dilepton

Cross-section.

» Sensitive to PI corrections
» measurement of v PDF
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ANGULAR COEFFICIENTS IN COLLINS-SOPER (CS)
FRAME

» Test QCD predictions to all orders a;
» Include all Spin-correlations

» Sensitive to various SM parameters such as Z polarisation.

Differential cross section for: / /
e [
pp = Z/yx+X =70 +X v r o,
/7 R AR E L
If T - .
do _ 1/ 2
dp%dyzdmzd cos 9d¢ ‘,l';i;;‘;,; P —
3dUU+L{(1—|—C0529)+27 Ai(p%,y?,m?) - Pi(cos 0 gb)}
167 dp%dyzdmz i=04\PT: Y i )
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CMS RESULTS AT 8TEV

PHYS. LETT B 750(2015)154
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ATLAS RESULTS AT 8TEV

JHEP08(2016)159
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SUMMARY
Conclusions

» Measurements of single Z/W processes are very well
motivated at LHC.

» Parton Shower Modeling, Higher Order Calculation PDFs
are still actively changing fields.

» Early 13 TeV results have already been produced with high
precision

» Precision still dominated by 8TeV measurements
Outlook

» Further development of including heavy flavour jets (e.g.
V+HF)

» Multidifferential cross section measurements (large impact
on PDFs)

» Taus?
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ADDITIONAL PLOTS FOR CONSIDERATION

Measurements of inclusive and differential Z boson production
cross sections with CMS
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ADDITIONAL PLOTS FOR CONSIDERATION

dc/dq)n* [pb]

Measurements of inclusive and differential Z boson production
cross sections with CMS
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WZ cross sections at 13 TeV with ATLAS
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ADDITIONAL PLOTS FOR CONSIDERATION

WZ cross sections at 13 TeV with ATLAS
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WZ cross sections at 13 TeV with ATLAS
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WZ cross sections at 13 TeV with ATLAS

ATLAS Preliminary Z ATLAS Preliminary Wi
13 TeV, 85 pb”! 13 TeV, 85 pb”!
lumi @ exp. uncertainty lumi @ exp. uncertainty
0 exp. uncertainty [0 exp. uncertainty
A ABM12LHC A ABM12LHC
v CT10nnlo v CT10nnlo
m NNPDF3.0 m NNPDF3.0
® MMHT14nnlo68CL ® MMHT14nnlo68CL
(inner uncert.: PDF only) (inner uncert.: PDF only)
| 1 I ! | ! | |
1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 15000 20000
0 [pb] 0 [pb]
T T T
ATLAS Preliminary e W+ ATLAS Preliminary v
13 TeV, 85 pb™' 13 TeV, 85 pb”!
lumi & exp. uncertainty lumi & exp. uncertainty
I exp. uncertainty [ exp. uncertainty
A ABM12LHC A ABM12LHC
v CT10nnlo v CT10nnlo
m NNPDF3.0 m NNPDF3.0
® MMHT14nnlo68CL ® MMHT14nnlo68CL
(inner uncert.: PDF only) (inner uncert.: PDF only)
! | | | [ | !
8000 9000 10000 11000 12000 00 6000 6500 7000 7500 8000 8500 9000 9500
tot tot
Oy [pb] oy [pb]
Phys.Lett.B 759 (2016) 601

12N G4
7/9



Additional Material

ADDITIONAL PLOTS FOR CONSIDERATION
ATLAS Cross-section at 8TeV
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ADDITIONAL PLOTS FOR CONSIDERATION
ATLAS Z+jets at 13TeV additional Plots
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