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13 TeV Results

13 TeV Results
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13 TeV Results

CMS: Differential Z Cross-Sections [CMS-PAS-SMP-15-011]

e measurement of Z — ppu
cross-section
« s5=13TeV, 2.3 b
dataset
o 60 < m(pp) < 120 GeV,
In(u)] < 2.4, pr(n) > 25 GeV
o differential in y(uu), pr(pp),
and ¢* (pp)
o compared to three theory
predictions

« NNPDF3.0 used as nominal
PDF set

« AMCQ@QNLO + PYTHIA 8

« POWHEGBOX + PYTHIA 8

o fixed order FEWZ
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Results

CMS: Differential Z Cross-Sections [CMS-PAS-SMP-15-011]

« showered predictions handle low pp(uu) well
o fixed order flat between 20 < pr(up) < 200 GeV
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Results

CMS: Differential Z Cross-Sections [CMS-PAS-SMP-15-011]

« POWHEGBOX flat across complete y(uu) range

« small deviations (within uncertainty) in y(up) tails for
AMC@NLO and FEWZ
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Results

LHCDb: Differential Z Cross-Sections [LHCb-CONF-2016-002]

« measurement of Z — up
cross-section
« /5=13TeV, 300 pb~! dataset
o 60 < m(pp) < 120 GeV,
2.0 < n(p) < 4.5,
pr(p) > 20 GeV
o differential in y(up), pr(pp),

LHCb preliminary, \s = 13 TeV
P, ()>20GeV

20< ) <45 4
60 < M(up) < 120 GeV *
.
—_—
——
—

LHCb - Statistical Uncertainty
LHCb - Total Uncertainty
CTI4

NNPDF30

MMHTI4

L ! | ! e
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| ! | J
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and ¢* (MM) O(Z—pup) [pb]
Source Aoz [%)
Statistical
Reconstruction efficiencies 2.4
Purity 0.2
FSR 0.1
Total systematic (excl. lumi.) 2.4
Luminosity 3.9
Total uncertainty 4.6
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'V Results

LHCDb: Differential Z Cross-Sections [LHCb-CONF-2016-002]

o comparison to fixed order FEWz predictions with three PDF sets

« slight tension for y(uu) < 2.5
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'V Results

LHCDb: Differential Z Cross-Sections [LHCb-CONF-2016-002]

o comparison to NLO POWHEGBOX with PYTHIA 8 shower and LO
PyTHIA 8 with different tunes
o LO PyTHIA 8 describe the data better, both at low and high

pr(pp)
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13 TeV Results

ATLAS: Total W and Z Cross-Sections [arXiv:1603.09222]

« measurement of Z — pu, ee and W — v, ve cross-sections

« /s=13TeV, 81 pb~ ! dataset

o W: pr(v,£) > 25 GeV, [n(f)] < 2.5, mp(v€) > 50 GeV
o Z: pr(f) > 25 GeV, |n(f)| < 2.5, 66 < m(¢) < 116 GeV

e 00(2) = 1%, do (W) ~ 2%, 6L ~ 5%
 test of lepton universality and comparison to PDF set predictions
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13 TeV Results

ATLAS: Total W and Z Cross-Sections [arXiv:1603.09222]

o ratios of o( W) /o(W™) and o( W*)/o(Z) also measured
« total uncertainty ~ 0.8%
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7/8 TeV Cross-Sections

7/8 TeV Cross-Sections

i Ilten LHC W and Z Measurements May 3, 2016 12 / 26



CMS: Differential W Asymmetry [arXiv:1603.01803]

o differential W — vu charge
asymmetry measurement (W
e 5=8TeV, 18.8 fb~! dataset A= (WH) +a(W™)
 pr(p) > 25 GeV, [n(p)| <24
o comparison to FEWz predictions with
5 PDF sets

CMS, L=18.8fb"at [s=8 TeV CMS, L=18.8fb"at [s=8 TeV
e e
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LHCb: Differential W,Z Cross-Sections [JHEP 01 (2016) 155]

o differential W — vy and Z — pp cross-section measurements

e Vs=8TeV, 2 b ! dataset

o pr(p) > 20 GeV, 2.0 < n(u) < 4.5, 60 < m(pp) < 120 GeV
» comparison to FEWZ predictions with 6 PDF sets
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LHCb: Differential W,Z Cross-Sections [JHEP 01 (2016) 155]

« precise ratios between /s = 7 and 8 TeV total
« even more precise double ratios (sub-percent)
o compared to five different PDF sets

cross-sections . ..

LHCb o CT14 = CT10 p’; >20 GeV/c LHCb o CT14 = CT10 p¢ >20GeVic
Datag, 4 MMHT14 o ABM12 20< n“ <45 Data,, 4 MMHT14 o ABM12 20< q“ <45
Datay, v NNPDF30 ¢ HERA15 Z:60< M), <120 GeV/c? Data,y v NNPDF30 o HERA15 Z:60< My, <120 GeV/c?
o oy
o =
i & oFTV | gTev
o L L L s Wiepty TZopy
o o 094 096 0.98 1 102 104 ol g8Tev.
L L L L O Wiepty Tz
115 12 E 13 135 o -5
’_v::" - G-ETE\/
TTev
- . L ([ . L Weuv Oz
bl TTeV 8TeV
g 09 092 094 09 098 ol ol
o
T o
i 12 13 T UVT\;Q\—/W Nﬂ:“ o 7T
v ) e Uﬁ/tyvf’z‘uu
o 092 094 0% 098 1 102 Oy OF s
N =
N =
b eV Lo oV
L L L L ow’ 4V L L L L oWy OW i
11 115 2 125 13 UVT:FVyT 1 1.02 104 1.06 1.08 11 u‘g?‘/ﬂ‘v u\i‘?’ﬂv
an easurements
LHC W and Z M t

May 3, 2016

15 / 26


http://arxiv.org/abs/1511.08039

ATLAS: Differential DY Cross-Sections [arXiv:1512.02192]

« differential Drell-Yan cross-section in pp(¢£4), ¢*(¢), y(¢€), and
m(eL)
—1
Vs =8TeV, 20.3 fb™" dataset
- pr(f) > 20 GeV, [n()] < 2.5
« comparison to fixed order and showered predictions
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ATLAS: High Mass DY Cross-Sections [preliminary]

double differential Drell-Yan
cross-section in m(¢¢) and
y(€l) or An(L0)

« s=8TeV,20.3 fb"

dataset
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comparison to NNLO
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App and sin® 05,

AFB and Sin2 H%\f/f
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F =cos0* >0
(Collins-Soper Frame)

Vs =28TeV, 19.7 fb~!
dataset

both Z — ee and
Z — pp final states
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App and sin” 65

ATLAS: App with ee and pp [JHEP 09 (2015) 049

e both Z — ee and Z — uu final states
e /5="T7TeV, 4.8 fb~! dataset
 electrons extend forward range
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€<1 — 3cos? ) +

ATLAS: Angular Correlations [preliminary]

10(sin’ 6 cos 2¢)

/p)ﬁ/\(p

e both Z — ee and Z — uu final states

e /5=28TeV, 20.3 fb~! dataset
o pr(¢) > 25 GeV, forward and central electrons
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ATLAS: Angular Correlations [preliminary]
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App and sin” 65

LHCb: Forward Apg [JHEP 11 (2015) 190]

» forward measurement using only Z — pu final states
e /5="T7TeV, 1 b~ ! dataset, and \/s = 8 TeV, 2 fb~! dataset
o fit the App distribution with different sin? 0%13 predictions

o template uncertainty from PDFs and scale
« resulting sin? 0\'3,{; is model dependent, here POWHEGBOX
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App and sin” 65

Combined: sin® Q%g Determination [JHEP 11 (2015) 190]

LEP + SLD o
Phys. Rept. 427 (2006) 257 0.2315+0.0002
LEP Aqg(b) O

Phys. RSEL 427 (2006) 257 0.2322+0.0003
SLDA O

Phys. Rév. Lett. 84 (2000) 5945 0.2310+0.0003
Do —O 0.2315£0.0005
Phys. Rev. Lett. 115 (2015) 041801

CDF —O0— 0.2315£0.0010
Phys. Rev. Lett. D89 (2014) 072005

ATLAS —O0— 0.2308+0.0012
arXiv:1503:03709

CMS 0.2287+0.0032
Phys. Rev. Lett. D84 (2011) 112002

LHCb —O0— 0.2314+0.0011
LHCb {s=7TeV ——O—— 0.2329+0.0015
LHCb {s=8TeV —O— 0.2307+0.0012
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Conclusions

Conclusions
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Conclusions

Summary and Outlook

» comprehensive set of results available

« measurements at /s = 7, 8, and 13 TeV

« more exciting and precise 13 TeV measurements to come!
o differential uncertainties down to as low as 1%

« pr spectra (W and Z) well measured

» important for precision W mass measurements
o useful for tunes, checking fixed order and pr resummation

« very precise tests with W /Z ratios and COM ratios of ratios
« strong constraints on PDFs

+ sin? Q%fvf and App measurements with precision comparable to
Tevatron results

o thanks to ATLAS, CMS, and LHCb for all the hard work!
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Detectors
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|
In(e)] < 1.44

o =

5p = 1.8% 5p = 2.6% 1.71%(7 TeV), 1.16%(8 TeV),
(3.5%)
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http://dx.doi.org/10.1088/1748-0221/3/08/S08003
http://dx.doi.org/10.1088/1748-0221/3/08/S08004
http://dx.doi.org/10.1088/1748-0221/3/08/S08005

Z — £L Measurements

Z — Ul Measurements
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Z — £L Measurements

Analyses
obs. | ¢ L Vs [TeV] exp. reference
e,u 4.7 b1 7 ATLAS JHEP 1409 (2014) 145
doy e, 1 36 pb~! 7 CMS Phys. Rev. D 85 (2012) 032002
dpr(2) m 19.7 fb~1 8 CMS arXiv:1504.03511
m 1fb1t 7 LHCb JHEP 08 (2015) 039
e,u 4.6 b1 7 ATLAS  Phys. Lett. B 720 (2013) 32
doy u 1fb~! 7 LHCb JHEP 08 (2015) 039
dé*(2) e 1 bt 7 LHCb JHEP 1302 (2013) 106
e 2 fb! 8 LHCb arXiv:1503.00963
e, 35 pb~! 7 ATLAS  Phys. Rev. D 85 (2012) 072004
e 36 pb~! 7 CMS Phys. Rev. D 85 (2012) 032002
doy 1 19.7 fb~1 8 CMS arXiv:1504.03511
dy(2) m 1fb~1t 7 LHCb JHEP 08 (2015) 039
e 1fb! 7 LHCb JHEP 1302 (2013) 106
e 2 fb~1 8 LHCb arXiv:1503.00963
20y e, 471 7 ATLAS JHEP 1409 (2014) 145
dy(Z)dpr(Z) | p 19.7 fb~1 8 CMS arXiv:1504.03511
d2o —1
Wf"(z) e, 4.6 fb 7 ATLAS  Phys. Lett. B 720 (2013) 32
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http://arxiv.org/abs/arXiv:1406.3660
http://arxiv.org/abs/arXiv:1110.4973
http://arxiv.org/abs/arXiv:1504.03511
http://arxiv.org/abs/1505.07024
http://arxiv.org/abs/arXiv:1211.6899
http://arxiv.org/abs/1505.07024
http://arxiv.org/abs/arXiv:1212.4620
http://arxiv.org/abs/arXiv:1503.00963
http://arxiv.org/abs/arXiv:1109.5141
http://arxiv.org/abs/arXiv:1110.4973
http://arxiv.org/abs/arXiv:1504.03511
http://arxiv.org/abs/1505.07024
http://arxiv.org/abs/arXiv:1212.4620
http://arxiv.org/abs/arXiv:1503.00963
http://arxiv.org/abs/arXiv:1406.3660
http://arxiv.org/abs/arXiv:1504.03511
http://arxiv.org/abs/arXiv:1211.6899

urements

Fiducial Definitions

exp. ‘ boson ‘ lepton
pr(£) > 20 GeV

do
[n(0)| < 2.4 (not for WE))

ATLAS | 66 < m(Z) < 116 GeV

lpr(0)] > 20 GeV

do
60 < m(Z) < 120 GeV (7 TeV) (only for 7574)

In(6)] < 2.1
CMS | 81 < m(Z) < 101 GeV (8 TeV) pr(€) > 25(10) GeV
ly(2)| <2 (only for %(ZZ)) [n(0)] < 2.1(2.4)
pr(€) > 20

LHCb | 60 < m(%) < 120 GeV

2.0<n() <45
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tracking efficiency
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DY — /¢ Measurements
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DY — ¢¢ Measurements

Analyses
obs. | ¢ L Vs [TeV] exp. reference

en 1.6 M1 7 ATLAS JHEP 1406 (2014) 112
4 e 4.9 fb~! 7 ATLAS  Phys. Lett. B 725 (2013) 223

Im (DY) e,p 4.8 fb7! 7 CMS JHEP 1312 (2013) 030
e, 19.7 b1 8 CMS Eur. Phys. J. C 75 (2015) 147

m 37 pb~1! 7 LHCb LHCb-CONF-2012-013

) e,u 48t 7 CMS JHEP 1312 (2013) 030
ey | en 197071 8 CMS  Eur Phys. J. C 75 (2015) 147

m 37 pb~! 7 LHCb LHCb-CONF-2012-013
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http://arxiv.org/abs/arXiv:1404.1212
http://arxiv.org/abs/arXiv:1305.4192
http://arxiv.org/abs/arXiv:1310.7291
http://arxiv.org/abs/arXiv:1412.1115
https://cds.cern.ch/record/1434424
http://arxiv.org/abs/arXiv:1310.7291
http://arxiv.org/abs/arXiv:1412.1115
https://cds.cern.ch/record/1434424

DY — ¢¢ Measurements

Fiducial Definitions

exp. ‘ boson ‘ lepton

m(DY) < 66: |n(0)| < 2.4

pr(£) > 15(12) GeV
m(DY) > 116: |n(¢)| < 2.5

pr(€) > 25 GeV

ATLAS | full phase-space

CMS ‘ full phase-space full phase-space

20<n) <45

p(€) > 10 GeV

m(DY) <40 GeV : pp(£) > 3 GeV
m(DY) > 40 GeV : pp () > 15 GeV

LHCDb full phase-space

IiT Ilten LHC W and Z Measurements May 3, 2016 16 / 27
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W — fv Measurements

W — fv Measurements
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W — fv Measurements

Analyses

obs. | ¢ L Vs [TeV] exp. reference
doyy e, 1 31 pb~! 7 ATLAS  Phys. Rev. D 85 (2012) 012005
dpr (W) e,u 184 pb~! 8 CMS CMS-PAS-SMP-13-006
doy e, 1 35 pb~! 7 ATLAS  Phys. Rev. D 85 (2012) 072004
dn(e) i 1 bt 7 LHCb JHEP 1412 (2014) 079
" 1fb~1 7 LHCb JHEP 08 (2015) 039
e, 35 pb~! 7 ATLAS  Phys. Rev. D 85 (2012) 072004
An@) | p 4.7 b1 7 CMS Phys. Rev. D 90 (2014) 032004
w 1fb~t 7 LHCb JHEP 1412 (2014) 079
I 1fbt 7 LHCb JHEP 08 (2015) 039
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http://arxiv.org/abs/1108.6308v2
https://cds.cern.ch/record/1951372
http://arxiv.org/abs/arXiv:1109.5141
http://arxiv.org/abs/arXiv:1408.4354
http://arxiv.org/abs/1505.07024
http://arxiv.org/abs/arXiv:1109.5141
http://arxiv.org/abs/arXiv:1312.6283
http://arxiv.org/abs/arXiv:1408.4354
http://arxiv.org/abs/1505.07024

Fiducial Definitions

W — fv Measurements

exp. ‘ boson ‘ lepton
pr(f) > 20 GeV
ATLAS | mp(W) > 40 GeV pr(v) > 25 GeV
d
[n(0)| < 2.4 (only for ﬁfw))
| full phase-space (7 TeV) | pr(£) > 25 GeV, pr(£) > 35 GeV
CMS > 20 GeV, pr(e) > 25 GeV
full phase-space (8 TeV) pr(p) eV, pr(e) ¢
In(u)| < 2.1, In(e)] <25
£) > 20
LHCb full phase-space pr(f)
20<n) <45
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