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Outline

* WI/Z measurements in Run Il (13 TeV)

— Inclusive W and Z cross section: http://cds.cern.ch/record/2093537 !
CMS-PAS-SMP-15-004

— Differential cross section of Z boson: http://cds.cern.ch/record/2140105 !
CMS-PAS-SMP-15-01 1

— Differential Drell-Yan cross section d" /dm: https://cds.cern.ch/record/2205152!
CMS-PAS-SMP-16-009

* WI/Z measurements in Run | (7/8 TeV)

— W charge asymmetry and d" /d#: arXiv:1603.0/1803 !
CMS-PAS-SMP-14-022

— ZandW d" /pr differential cross section: arXiv:1606.05864 !
CMS-PAS-SMP-14-012

— Z d" /d$ * differential cross section: https://cds.cern.ch/record/2194259!
CMS-PAS-SMP-15-002

— Angular coefficients of Z boson: arXiv.1504.035]2 !
Phys. Lett. B 750 (2015) 154-175 |
CMS-PAS-SMP-13-010
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Introduction

* W and Z decays are special final states:
— They are theoretically well understood, unique signatures and have high rate
— Experimentally the W % ! and Z % [l channels are among the cleanest final
states that we can exploit at hadron colliders

— They are used to understand and calibrate the detector response (trigger,
identification, resolution, efficiencies)

— They are dominant signal and/or background in many searches for new
particles

* Constraints for Parton Distribution Functions
— Key ingredient to make theoretical predictions at hadron colliders
— LHC probes gluons and sea quarks
*  With W/Z we can probe different aspects of QCD calculations

— Tests of perturbative QCD and parton emission in a new energy regime

— Tune Monte Carlo generators in order to better describe the data



Introduction

ARAE

* W and Z production at LHC proceeds at » : p
the hard scattering level and first order ! e 7y "
via collisions of a valence quark (u,d) and!” P P
a sea anti-quark (Q& 100 GeV): LO (Drell-Yan) + NLO
_ + — | LHC 13 TeV Kinematics
u+d(s)! w* u+u! Z e AR

F 1 LHCb

d + U(C) | W d+ a | Z [/ CoF/Do

C 1 HERA
s[| =] Fixed Target

* Since parton fractions in this process are | -
typically 10-3 < x < 10/, sea-sea qq i 7
contributions are also important 5 '

* Provide access to central parameters for

global EWK fit (masses, couplings,
asymmetries)

* Provide powerful constraints for non- :
perturbative part (PDFs, tunes)
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W/Z Inclusive Cross Sections
* W and Z decays characterized by

B, | oo s

high production rates and clean L\
signatures in the leptonic decay FAPA
channels: _ I ‘ /
— Wt high p isolated lepton and ' | \

significant missing energy
— Z:2 high p+ isolated leptons

CMS Experiment at LHC, CERN

* At LHC: Large cross section and CMIS | 1557 3712

!l Lumi section: 314

clean signature Muo,,pﬁy.fflfiiimw'W58|C§====|
— Provides enough statistic to study — u ! m

inclusive and differential distributions

lepton

Z

hadronic!
lepton recoil




Inclusive W Cross Section

* |nclusive W/Z cross sections are measured at '

s=13TeV,(L=43pb!

* Electron (ET>25 GeV, [#]|<2.5) and muon (pt>25 GeYV, |#|<2.4) used

« MET fit is used for VWW* and WV~ signal extraction, respectively
— Main background is QCD
— W%!), Drell-Yan, diboson and top-pair production

CMS-PAS-SMP-15-004
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Inclusive Z Cross Section

» Z signal extraction is estimated using counting method in 60<M(Z)<120 GeV

* Almost background free

 Both total and fiducial cross sections CMS-PAS-SMP-15-004

43 pb!' (13 TeV) 43 pb!' (13 TeV)
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« Updated result Z %** with full dataset and new luminosity:! CMS-PAS-SMP-15-01 |
I (pp! ZX)" B(Z! p'p' )=1870=+ 2(stat) + 35(syst)+ 51(lumi) pb
FEWZ (NNLO, NNPDF3.0) = 1870 % 50 pb
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Inclusive W/Z Cross Section

Measured cross sections agree with next-to-next-to-leading order
QCD and next-to-leading order EVV calculations. CMS-PAS-SMP-15-004

CMS Preliminary 43 pb' (13 TeV) CMS Preliminary 43 pb! (13 TeV)
T I T T T T I T T T T T T T T I T T T T I T T T I T T T T I T T T T T T T T I T T T T I T
| Observation Theory: FEWZ (NNLO) | Observation Theory: FEWZ (NNLO)
Uncertainty (exp., exp. @ lumi) Observation: NNPDF3.0 Uncertainty (exp., exp. ! lumi) Observation: NNPDF3.0
NNPDF%{? | NNPDIigdo
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Predictions of cross sections calculated for 5 PDF sets:

— PDFs show differences depending on which data are used in the fit

Source Wt W- W WT/W-  Z W7/Z W /Z W/Z

M M M Lepton charge, reco. & id. [%] 1.9 17 18 0.3 22 0.6 0.6 0.6

S)’Ste m atl C unce I"tal ntl es. Bkg. s?lbtrac%tion / modleling [%] 06 06 0.6 04 0.6 08 0.8 0.8
Emiss scale and resolution shape NA shape
Muon scale and resolution shape NA shape

_ H H . H H Total imental [%] 20 18 19 05 23 11 1.1 11

Dominant uncertainty: luminosity | e m 2 71— h 11

. . . T Lumi [% 48 48 48 NA 48 JNA NA  NA

(significantly reduced with full statistics) —=ap i fe g Jor T W
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Inclusive W & Z Production

= — e e CMS-PAS-SMP- 5-004
o = ®  CMS Preliminary, 43 pb™ (13 TeV) W —
— . +
— MS, 18 pb™' (8 TeV — - :
m ® cus, 18pbT (8 TeV) W CMS Preliminary 43 pb' (13 TeV)
V; 4 O  CMS, 36 pb™ (7 TeV) W ———— T ————
1 O — H  CDFRunll ] H-e4{ Observation, uncertainty (exp., exp. @ theory) Theory: FEWZ (NNLO), NNPDF3.0
b y
— O DORunl _] Uncertainty (lumi) Observation: NNPDF3.0
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3 pp I s eroeatie M
— — 19950 + 70__ + 360__ + 960, pb
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¥ The experimental precision is already comparable with theoretical

uncertainties

D With current statistics can challenge state-of-the-art theoretical
predictions: <|% scale variation at NNLO

¥ Measure the W/Z, W*/W- ratios test pQCD
¥ Good overall agreement with theory predictions at NNLO
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fiducial cross sections

Rz fully dominated by LEP result 0.9991

9500

CMS Preliminary 43 pb™ (13 TeV)
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Differential Z Cross Section

 Differential Z % **

cross sections measured at
's=13TeV,(L=231fb! (full 2015 dataset)

o Differential cross sections as function of:!
pT(Z), y(Z), pr(lepton), $°

d /dpf“’ [pb/GeV]

* Low pT: governed by initial-state radiation and
intrinsic pr of initial-state parton inside proton

— Modeled using soft gluon resumption or parton !

shower models

* High pt: dominated by quark-gluon scattering, .
described by perturbative QCD

e Comparison with aMC@NLQO, !
POWHEG (NLO) and FEWZ (NNLO)
— FEWZ gives good agreement for pt> 25 GeV
— POWHEG and aMC@NLO show small deviations

— Soft gluon resummation is needed to overcome divergences

Norbert Neumeister - Purdue University
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d" /d$’

e Define &%%%%79@6%%%%% where M%)%%%%@ég&ﬂ

* Probes Z boson Pr, but depends on direction of muon % smaller exp. uncertainty

* POWHEG shows good agreement in very low $ region
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I
d" /d$ . CMS-PAS-SMP-15-002

* The $ * variable in Drell-Yan events has been measured in CMS using !
8 TeV pp collision data.

* Both the absolute and normalized differential cross sections have been
measured in the electron and muon channels.

* All three generator show significant deviation from experimental results.

— For MadGraph and Resbos the maximum discrepancy is below 5%
— For POWHEG it is greater than 10%

CMS Preliminary 19.7 b (8 TeV) CMS Preliminary 19.7 b (8 Tev)
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d" / d)/ CMS-PAS-SMP-15-01 |

* Rapidity distribution of Z boson is used for PDF global fit
 POWHEG flat across rapidity range
« Small deviations at high rapidity (|y|>2.0) for aMC@NLO and FEWZ

— within uncertainties

2.3fb™* (13 TeV) 2.3fb™* (13 TeV)
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d" / CI PT* CMS-PAS-SMP-15-01 |

* pt distribution of Z boson
— Muons with pt> 25 GeV and |#| < 2.4

Relative isolation in a cone of radius +R =0.4 with an isolation selection
requirement of less than 15%

— 60 GeV <Mz <120 GeV

No generator is able to describe the data in all of the studied phase-space
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Drell-Yan d" /dm cms-pas-smp-16-009

 Differential Drell-Yan cross section measured at' s = |3 TeV with !

(L =28 fb! of data

* Only ** final states; Muons with pt> 22 (10) GeV and |#| < 2.4
* d"/dmin range 15 <M <3000 GeV (43 bins)
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Apply all corrections to get FSR-corrected results in full acceptance
Data-driven background estimation for tt, tW, I! ;W+jets, QCD djets

2.8 ' (13 TeV)
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Drell-Yan d" /dm

CMS-PAS-SMP-16-009

* Measured differential cross section compared with aMC@NLO and

FEWZ predictions

— FEWZ prediction is NNLO theoretical values calculated with NNPDF3.0 PDF
— Generally good agreement with the prediction within uncertainties

pre-FSR, full phase space
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post-FSR, detector acceptance

2.8 (13 TeV)
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WI/Z Differential Cross Section d" /dpT

* Comparison with recent NNLO QCD calculation

CMS-PAS-SMP-14-012

* NNLO corrections to the normalized pr distributions are positive
and describe data much better
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W* and W- Asymmetry

* W is produced more often than V- in pp collisions a w "
* W production is polarized due to parity violation <i y

— There is a strong asymmetry in the lepton decay

* Study charge asymmetry as function of the lepton pseudorapidity

— Apply similar selection as for the inclusive measurement and divide the
sample in different rapidity bins

Ay = BV L ) dold (W't £ )
T Geldn(W* U ¢+ ) + doldn(W' | ¢ o)
* This measurement is very sensitive to PDFs as most uncertainties

cancel in the ratio 0 R E
— more u-d than d-u in pp collisions: ! s : E
expect charge asymmetry! sof- E
* Constrains for PDFs : “F E
: : “E POYT e rapiay E
— A(#) provides constraints for ! b e |ES W rapidity "
: = I Pseudorapiainy
- pseudorapidity

valence u und d quarks o

-4 -2 0 2 4
W rapidity/lepton pseudorapidity
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* Fiducial region: pt(* )>25 GeV and |#|<2.4
MET fit is used to extract the signal events: ~6 IMW™* and ~45M W- events

W* and W- Asymmetry

 Differential W* and W- cross section measured as a function of
muon pseudorapidity

CMS,L=18.8fbtat (s=8TeV

CMS-PAS-SMP-14-022

CMS,L=18.8fb"at [s=8TeV

__O_ 900 | T T T T T T T T | T T T T | T T T T | T T T _O: 600 | | | | B
~~ = . " .
= i p" > 25 GeV p,>25GeV |
& | i .
+ i —e— Data —e— Data ;
© goo+ . i
500 ‘ 2iiee —
700} i
: NNLO FEWZ + NNLO PDF, 68% CL : 450 ; NNLO FEWZ + NNLO PDF, 68% CL
CT10 L CT10
B NNPDF30 1 L NNPDF30
L MMHT2014 | B MMHT2014 =
A ABM12 | AW ABM12 |
600~ HERAPDF15 7 400 HERAPDF15 ]
B 1 1 1 1 | 1 i i i | i | | | | | | | | | | | | 1 | | | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 15 2 0 0.5 1 1.5 2
Muon |! | Muon Inl
Norbert Neumeister - Purdue University ICHEP 2016

accepted for publication in EPJC

20



Charge asymmetry
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W* and W- Asymmetry

* Measure A(#) with W%?*) in fiducial region using (L = 18.8 fb-'
dataat’ s =8TeV

| | bins of absolute muon pseudorapidity

* Comparison with FEWZ predictions with 5 PDF sets
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W* and W- Asymmetry

* Test impact of CMS measurement, combining DIS data from HERA
* Adding CMS W charge asymmetry measurement significantly

improves contains on valence quark distributions

CMS-PAS-SMP-14-022
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Z Angular Coefficients

* Measurement important to test modeling of production - a key step
towards a measurement of mw.

da 2
>
dPZdyd cos 040 x (14 cos®6) LO term
1 2 cos?0 :
—Ao(1 — 3cos“ @ >
* 2 ol cos™ ) higher order term
4+ A;sin20cos¢ + ;Az sin® @ cos 2¢ + Az sinfcosd —» (6, @) terms
+  Ajcosf 3 LO term : determine Ag
+ Assin20sin2¢+A58in208in¢+A7sin03in¢ —)wmum
20 2
Ag= =—11" 3cos ! #+ =

6 3

“N 0 0
A, =10!sin*! cos2 # / /IGS i ‘//)/%
* Ao, are related to polarization of Z boson / !/\2\. / '

* As4originate from Z/"' interference

* Angular coefficients are measured using template fits in !
Collins-Soper frame
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Z Angular Coefficients

PRL B 749 (2015) 187

* CMS measurement of angular coefficients as a function of Z boson
transverse momentum and rapidity using 19.7 fb-! of data at' s = 8TeV

* Only Z%** ;8 p1(Z) bins and 2 rapidity bins (0<[|y|<I, 0<|y|<2.I)
* No one model perfectly captures the measured distributions

* MadGraph and FEWZ describe most measurements well (except A4)

__ cms 19.7 fb™! (8TeV) 0.06EMS 19.7 fb' (8TeV)
<' 3k ¢ Data < V"“°F ¢ Data
's V°E A MadGraph - A MadGraph
< F 0.05f 4 MadGrap
v0.255—4> Powheg - - ¢ Powheg
0.2F + FEWZ,NNLO 0.04:—4}, FEWZ,NNLO
0.15} 0.03
0 i % 0.02}
0-05¢ { 0.01
0 :
005 O
0O 50 100 150 200 250 300 O 50 100 150 200 250 300
q, [GeV] q. [GeV]
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Summary

* Comprehensive W and Z results from CMS
— Allows to test the Standard Model with sub-precent uncertainties

— New results available at 13 TeV

* Results on single gauge boson production sensitive to PDFs
— Differential uncertainties often well below 1%
— CMS results provide constraints in PDFs

— Results also probe pQCD and parton emission in hard collisions:

* Transverse momentum distributions well modeled for some regions of phase
space, but significant disagreement seen in some regions (e.g. pt> Mz ).

— Can also probe boson polarization and electroweak mixing by considering
angular distributions of the boson decay

* CMS have precision measurements of angular coefficients

e More |3 TeV results still to come
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