


Physics Motivation

* W/Z decay at LHC
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* Inclusive cross section is determined by Born-cross section(g ) and PDFs

e [t tests calculations based on higher-order perturbative QCD
e [t tests parton distribution functions (PDFs)
* W/Z processes are well understood, unique signature, and have high rate
* Good tool to calibrate the detector
» Total cross section can be used as the luminosity candles at LHC
* Pave the way for understanding complex final states for top or new physics




W/ Z analyses at CMS :

* W or Z measurements at CMS Runll (13 TeV)
* Inclusive W/Z cross section CMS-PAS-SMP-15-004
e Differential cross section of Z boson CMS-PAS-SMP-15-011
e do/dP+, do/dd*,, do/dy

* W or Z measurements at CMS Runl (8 TeV)

 d’0/dPtdy of Z boson (8 TeV) Physics Letters B 749 (2015) 187-209
* Angular coefficients of Z boson (8 TeV) Physics Letters B 750 (2015) 154-175
* W charge asymmetry and do/dn (8 TeV) CMS-PAS-SMP-14-022, arXiv:1603.01803
* Arg of Z boson (8 TeV) CMS-PAS-SMP-14-004, arXiv:1601.04768

* W-like measurement of the Z boson mass (7 TeV) CMS-PAS-SMP-14-007

More results are available at
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html




Inclusive cross section of W/ Z (I)

* Inclusive W/Z cross sections are measured at Vs = 13 TeV, [L =43 pb*
* Electron (Et>25 GeV, |n|<2.5) and muon (pr>25 GeV, |n|<2.4) used
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o MET fit is used for W* and W~ signal extraction, respectively
* Major background is QCD

» W=y, Drell-Yan, Diboson, and top-pair production : “10% in high MET
» Z signal extraction is estimated using counting method in 60<M(Z)<120 GeV




Inclusive cross section of W/ Z (II)

* Inclusive cross section of W and Z and its ratio : acceptance is fully corrected
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 Systematic uncertainty is ~2.5% for electron and ~2.0% for muon channel
* 4.8% luminosity and up to 2% theoretical uncertainties are excluded

» Total cross sections are in a good agreement with FEWZ(NNLO) predictions




Z. boson cross section at 13 TeV

» Differential cross sections are measured using [L = 2.3 fb! data at Vs = 13 TeV
* Muon channel is used with pr(pn)>25 GeV and |n|<2.4
* Events are selected in 60 < M(pu) < 120 GeV : ~ 1.3M events
e The differential cross section is measured for Z boson P, ¢*,, andy
» The differential cross section is unfolded inside the fiducial volume

23%' (13 TeV)
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e Differential cross section of Z boson Pt

do/dp™ ™" [pb/GeV]

-

dG/dPT

* Test the soft-gluon resummation or parton shower models in low Pr
e Test perturbative QCD calculation in high Pr where qg scattering is dominant
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* FEWZ(NNLO) gives a good agreement in P1>25 GeV
e Deviation in low Pt is expected due to the absence of resummation

* MadGraph5 _aMC@NLO and POWHEG(NLO) show a small deviations in Pt
* Mostly covered by the theory uncertainties
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* POWHEG shows a good agreement in very low ¢*, region

* FEWZ describes data well where phase-space is probed




do/dy

» Rapidity distribution of Z boson is used as a good input for PDF global fit
 Rapidity is measured up to |y|=2.4 : high y probes lower or higher x region
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 Rapidity spectrum is well described by theory predictions up to |y|[=2.0




d?c/dPrdy of Z boson at 8 TeV

* Double differential cross section in Prand y of Z boson at Vs =8 TeV

* |t is measured using L =19.7 fb! in muon channel

* Leading (sub-leading) pr muon with pr>25(10) GeV, |n|<2.1(2.4)

* Invariant mass 81<M(up)<101 GeV is required

e Double differential o is unfolded to pre-FSR in lepton kinematics

 d’0c/dP1dy and (1/0inc) d’c/dP1dy are measured
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Angular coeftficients of Z boson

* Differential cross section of cos6* and ¢*

do
dP2dyd cos 6do

x (14 cos®8) LO term

cos?0 :
higher order term

1 .,
+ 5 Ao(1 — 3cos”8) >

A, sin 26 cos ¢ 4

Ajsin” fcos2¢ + Azsinfcoso = (6, @) terms

9
A4 cosf e LO term : determine Ag

A sin® fsin2¢ + Agsin20sing + A;sinfsin ¢ — very small terms

* pQCD makes definite predictions for angular coefficients
* Ap 1, are related to the polarization of Z boson
- Ap2determine the fraction of ggbar and qg process
* A3 4 originate from y*/Z interference
e A4 has a direct relation with Ars which is sensitive to sin“Gw
* Ap 1234 are measured using the template fitting method in Collin-Soper frame
* Angular coefficients are measured as a function of Z boson Pt and |y|




Angular coetficients in Pr for |y <1

* Angular coefficients as a function of Pt for |y|<1
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* MadGraph and FEWZ describes most of measurements well except As
» MadGraph has higher A; due to sin’Bw setting (no radiative correction)




Angular coefficients in Pt for 1< |y 1<2.1"

* Angular coefficients as a function of Pt for 1<|y|<2.1
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W*and W- asymmetry

* W* is more produced than W~ in pp collision because proton consists of uud
e W production is polarized due to parity violation at production

— There is a strong asymmetry in the lepton decay
* The lepton charge asymmetry of W
Aly) = do/dn(W* — {Tv) —do/dn(W~ — (" D)
do/dn(W+ — {tv) +do/dn(W— — {~D)
e Constrains for PDFs :

* A(n) constrains for u/d quark

e Particularly on sea quark at LHC : PO W ranidity
- . [ W rapidity
—e— |" pseudorapidity
= | pseudorapidity

¥10° CMS,L=188fb"at (s=8 TeV
[ W'>u'v,0.0<<0.2

: 2 0
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—=—Data
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I QcD

mor — e do/dn(W* or W) and A(n) in fiducial region
1 *fL=18.8fb!dataatVs=28TeV used
* Fiducial region : pr(u)>25 GeV and [n[<2.4

a WMC(a)  MC(satosys) : * Signal is extracted for W* or W-, respectively
ot it w»”mﬁ * MET fit is used to extract the signal events

S —— 2 —— 85— T80 e *61M events for W* and ~¥45M events for W-
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do/dy for W+ and W-
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W charge asymmetry : A(n)
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Forward-backward asymmetry of Z boson’

* Arg depends on Z boson mass, quark flavor, and the weak mixing angle Bw

19.7 b (8 TeV) i 19.7 ib” (8 TeV)
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* POWHEG with sin?6w = 0.2312 shows a good agreement with measurements




Arp In forward region

* Arg is extended up to |y|=5 by adding HF electron (3<|n|<5)
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Dilution effect gets smaller in high |y],
but statistics limited, especially in high M

—> Statistical uncertainty is dominant
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e W mass provides a critical test of nature and consistency of SM along with My, My

* M needs to reach a precision of 6 MeV or better to prove the consistency of SM
given the presently available accuracy of Mt and My
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* Direct W mass measurement in on-going using Run | data (7, 8 TeV)
» Z boson mass is measured removing one of two muons to form W-like candidate
e |t provides a proof of principle and a quantitative validation of W mass analysis
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W-like measurement of Z boson mass

* W-like measurement of Z boson mass
* The analysis is performed using [L=4.7 fbtat Vs =7 TeV (2x10°> Z->uu events)
e large improvement in muon pr (< 15 MeV) and recoil calibration (< 14 MeV)
e muon pt, mr, MET fit are used to extract W-like mass measurement

(s=7 TeV (4.7 fbY) CMS preliminary |s=7 Tev (4.7 fb )
' L ]

| l [I MZW-I(Q_MZPDO

= Total unc.

0.001l———
- CMS
- Preliminary

[}
=
=

£ 0.0008

=

-

w= Stat. unc.
J ' T —
(@)

28 0.0004f |
. 0.0002 it
o 1 {

Exp. unc.

— 0.0006} 4 i

W-like positive
3

R
-

M;°° unc.

[| ——

E 00002 & 1 %
-0.0004: / Jy Inl <0.9

- Jy 09<|n|<14
- - Y(1S) In]<0.9
0'0006: O Y(1S) o.9<||nl<(1).g

C z nl<o.
-0.0008} Z 09<|n|<14

A —

W-like negative

1
_‘ . , L | , , , . L : I 1 1 1 1 l 1 | 1 1 | 1 1 1 i '] 1 | 1 I | 1 1 1 I 1 1 1 | I
-0.001 4150 100 -50 0 50 100 150
10 DG

10 p; [GeV] MZW-Iike ) sz (M eV)

e Expect the most precise W mass measurement in mr fit would differ from PDG
by 18~20 MeV, which is within the uncertainties of W-like measurements
e Total syst. and stat. error are 32 and 35 MeV for W- like mass (48 MeV in total)




Summary

* W and Z physics at CMS
e CMS Runl results has been used as a good input to improve PDFs/predictions
* PDFs input : do?/dMdy, W charge asymmetry
* QCD calculation : Angular coefficients, do/dP+
e New results using Runll data at Vs = 13 TeV are produced or delivered soon
* Preliminary: inclusive 6(W/Z), differential o in Pt, ¢*,, y, n of muon for Zs
e High precision measurements with Runl data are on-going
* Preliminary : W-like mass measurement with Vs = 7 data

= Probe fundamental parameters in SM

= Contribute to reduce the systematic uncertainty for other physics (top,Higgs...)
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Relative uncertainty [%]

Relative uncertainty [%]

Systematic error for d?c/dPrdy (II)

» Systematic error for absolute fiducial cross section
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Fig. 2. Relative uncertainties in percent of the absolute fiducial cross section measurement, The 2.6% uncertainty in the luminosity is not included. Each plot shows the ¢;
dependence in the indicated ranges of |y).
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e Systematic error for normalized fiducial cross section
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Fig. 1. Relative uncertainties in percent of the pormalised fiducial cross section measurement. Each plot shows the ¢; dependence in the indicated ranges of |y|.
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Angular coetficients : |y | dependence

* Angular coefficients between |y|<1 vs. 1<|y|<2.1
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Fig. 5. Comparison of the five angular coefficients A; and Ay — A measured in the Collins-Soper frame in bins of gy between |y| < 1 {circles) and 1 < |y| < 2.1 (triangles).
The vertical bars represent the statistical uncertainties and the boxes the systematic uncertainties of the measurement.




Weak mixing angle from Atb

* Weak mixing measurement from CMS : on-going

Weak mixing angle measurements

LEP-1 and SLD: Zpole &
0.23153+0.00016

LEP-1 and SLD: Alg 8 09110.00029 Extraction of sin?Ow using CMS data (8 TeV) is

SLD: A on-going with several improvements :
0.23097+0.00026

CMS up 1™ Ars With event weighting method,
0.2287+0.0032

ATLAS ee+uu 5 fo (A. bodek et. al., Eur.Phys.J. C67 (2010))
J2s0ER. 00T lepton calibration, and re-optimized lepton ID
0.23146+0.00047 = Expected statistical precision = ~0.0004

0.2315%£0.0010

DO ee 10 b
CDF uu 9fb™

CDF ee 9 fb ——
CDF Run Il Preliminary 0.23248+0.00052

CDF ee+uu 9 fb™ —a—
CDF Run Il Preliminary 0.23222+0.00046

0.226 0.228 0.23 0.232 0.234

.2 lept
sin” 0 4




Systematic error for W-like mass

e Summary of systematic uncertainty

Table 2: Uncertainties on M;\"""’, in MeV, obtained with the three fitting variables. Both the
M? Wt and M;"-'“‘ cases are reported.

Wiike 4 Wiike

M," M.,
Sources of uncertainty pr | my | By | my | By
Lepton efficiencies 1 1] 1 1( 1
Lepton calibration 14 | 13| 14 15 | 14
Recoil calibration 0, 9|13 9| 14

Total experimental syst. uncertainties || 14 | 17 | 19 18 | 19

Alternative data reweightings 5| 4| 5 11 | 11
PDF uncertainties 6| 5| 5 51 5
QED radiation 22 | 23| 24 23 | 24
Simulated sample size 7| 6| 8 6| 8
Total other syst. uncertainties 24 | 25| 27 27 | 28

Total systematic uncertainties 128 | 30| 32 32 | 34
Statistics of the data sample 40 | 36 | 46 35 | 45
Total stat.+syst. 1 49 | 47 | 56 48 | 57




