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Standard candles

 Started the new run with the W, Z cross sections and ratio measurements
* Via leptonic final states

13 TeV LHC parton kinematics

* Clean experimental signature O
r x1v2=(M/13TeV)exp(iy) ]
10°F Q=M M=10TeV 3

* Large dataset

* Detector and physics commissioning 10;'
e Luminosity calibration R : """"""""""
* Lepton efficiencies, missing energy, etc. H 104;

* Precision tests of the SM ol
* Perturbative QCD calculations 10
* Constraints on PDF 1o |
* Electroweak sector /10(01 e

o(pp—=>0+X)= Efdx1 dxyf, (X tp) f (sl ) O (85 s L)
a,b
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Experimental setup

* 50ns collisions in July -> 43 pbtintegrated luminosity, total cross section
measurements

* 4.8% uncertainty in the luminosity
e 2.6% uncertainty from VDM scan
* 4.0% uncertainty due to the luminometer linearity and stability

e 25 ns collisions -> Include the differential measurements
* 2.7% uncertainty in the luminosity

CMS Integrated Luminosity Per Day, pp, 2015, Vs = 13 TeV
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Inclusive Z cross section at Vs =13 TeV

* Electron and muon results combined assuming lepton universality

* Good agreement with SM NNLO [QCD] prediction [FEWZ]

e Z->up update with 2015 dataset: 1870 + 2 (stat) + 35 (syst) £ 51 (lumi)
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Inclusive W cross section at Vs =13 TeV

* Fit to the missing energy distribution to extract the signal
* Missing energy resolution is crucial
* Pileup mitigation

. . . . x10° 43 pb (13 TeV)
* Fiducial cross sections in backup > I
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Cross section ratios

e “Cancellation” of the systematic uncertainties

* No luminosity uncertainty

 Partial cancelation of theory and experimental uncertainties

e Constraints on PFDs
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Lepton universality

e Ratios of the W and Z total inclusive cross sections in electron and
muon channels

* Check of the lepton universality CMS-PAS-SMP-15-004
* Results compatible with SM prediction
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DIFFERENTIAL RESULTS



Z boson prmodeling

* Transverse momentum distribution of Z boson

* BSM searches rely on understanding of the Z background

* Dark matter searches
* Find signal on the MET tails

* We have to deal with Z->vv background

10"

102

19.7 b (8 TeV)

Z—VV Fit it and look

/for signal
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Differential cross sections at Vs =13 TeV

* Transverse momentum distribution of Z boson in di-muon channel
* Compared to AMC@NLO, POWHEG, and FEWZ predictions
* Missing NLO electroweak corrections for AMC@NLO and POWHE

* FEWZ calculations are not resummed (soft gluon resummation)
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Systematic uncertainties

* Summary of systematic uncertainties for differential cross section
* Sensitivity not good enough yet to separate the effects of EWK corrections
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Phi Star (¢”) at Vs = 13 TeV

* ¢" defined exclusively by the lepton directions

* Less susceptible to the resolution effects ¢, = tan( A‘P) -sin(6})

* Sensitive to the same effects as Q; n—nt
* Reduced systematic uncertainties
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Phi Star (¢”) at Vs = 13 TeV

 ¢" distribution of Z boson
* AMC@NLO and Powheg predictions are normalized to NLO cross section
* PDF and scale uncertainties are shown for the predictions
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Z/y” +jet and y+jet ratio at Vs = 8 TeV

* Differential cross section ratio as a function of boson p-
 Compared to Madgraph and BLACKHAT (QCD-NLO) calculation
* Inclusion of EW corrections results in better agreement
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Differential cross sections at Vs = 8 TeV

* Transverse momentum distribution of W boson for muon channel
* Special low pileup run at Vs =8 TeV
* Compared to ResBos, POWHEG, and FEWZ predictions
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Differential ratios at Vs = 8 TeV

« Z/W differential cross section ratio for muon channel
* W-/W* ratio in backup
* Compared to ResBos, POWHEG, and FEWZ predictions
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W charge asymmetry at Vs =8 TeV

* Differential cross section and muon charge asymmetry

* Constraints on the valence and sea quark distributions
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Rapidity of Z boson at Vs =13 TeV

 Rapidity distribution of Z boson
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Agat Vs =8 TeV

* Vector and axial-vector couplings . —O
. .. . 28@7 A _ F B
* Extract the effective weak mixing angle sin (my) rg =
* Measurement extended to larger rapidity (|y|=5) O+ 0y
* Electrons in forward calorimeter Collins-Soper frame
i} 19.7 fo™' (8 TeV) ) 19.7 fo” (8 TeV)
< 1-CMS < 1-CMS
0.8 0.8
0.6/ 0.6/ !
0.4 { 0.4 {
- - +
0.2 s ; 0.2 .
0:' oo ® ** 0:
- ly| < 1 - 24 <y|<5
-0.2:— e Data _02:_ J e Data
0.4 POWHEG -0.4- POWHEG
C_ 1+ Lo ! Lo C ! ! R ! !
50 100 200 1000 2000 50 60 70 100 200 300
M [GeV] M [GeV]

6/16/16

CMS-PAS-SMP-14-004

19



Summary

* Large and successful program at LHC Run 1 completed and being finalized
* New opportunities with CMS at at Vs= 13 TeV

* Preliminary measurements of inclusive and fiducial W and Z cross sections
and ratios

* Already achieved excellent accuracy

* Precise tests with ratios 7 o "
E — ® CMs,18pb’ (8 TeV) W+ —
X100 cormen W =
© — O DORunl E
* Z p; spectra measurements at 13 TeV F o Z i
* Many more results in the pipeline 10° PP -
102 | / i
— Theory: NNLO, FEWZ and NNPDF 3.0 PDFs —
e T Lo FEE nd ]
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20
Center-of-mass energy [TeV]
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Fiducial region

*Fiducial region definition: muons and electrons /
*p;:>25GeVand [n| <24 %
*E;>25GeV and |n| < 2.5 excluding 1.44<|n|<1.5 4

*60 GeV <M, < 120 GeV 7

*No requirement on the neutrino for W

Dressed level: (AR =0.1) \i hy
* Fiducial total and differential cross sections s~ =

*Naked level: (post-fsr) » N
*Fiducial total cross section /A ~

M, =91.4 GeV
X
\‘
"
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QCD and EWK calculations

e State of the art tools

* NLO calculations matched to parton showers

* AMC@NLO, POWHEG, SHERPA
* NNLO fixed order calculations

* FEWZ, DYNNLO

* Partonic differential cross section
* NNLL analytic ressumation at low p;

e RESBOS, DYqT
e Matched with NNLO calculations

e EWK corrections
* Horace, FEWZ

6/16/16
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MET modeling

e Recoil calibrated MET

* Measure response and resolution of the hadronic recoil against
W boson using Z events

* Parameterize parallel (u,) and perpendicular (u,) components of
the recoil as function of boson p-

e Use the data driven recoil model to correct W simulation
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PUPPI Algorithm

* Missing energy resolution is crucial for the W signal extraction

* Pileup mitigation

* Single particle level

* Compute weight per particle

* Discard small-weight particles

* Calculate MET as the negative
weighted sum of particles

6/16/16

PUPPI algorithm

* ® Good Track
— ® pPU Track
ais o - Good Neut
A B PU Neut
;’ & ® Chosen

) Removed
‘. 3. *
° - . o .
a? @ " a¥ g
2t " an
® 5_ ®
au o
" o m

Courtesy of P. Harris



PUPPI MET performance

* New method with respect to Run 1 for pileup mitigation

* Weight per particle to discriminate PU
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Missing

Energy

* Missing energy resolution is crucial for the W signal extraction

number of events / 2.5 GeV
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W->Lv yields

Events /2.0 GeV

0P 43pb™ (13 TeV)
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W->ev yields

Events / 2.0 GeV
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/ yields
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Total cross sections summary

6/16/16

Channel o x B [pb] (total) NNLO [pb]

efv 11390 + 90 (stat) = 340 (syst) £ 550 (lumi)

W+ ptv 11350 + 60 (stat) + 320 (syst) + 550 (lumi) 1133032
(tv 11370 4 50 (stat) & 230 (syst) % 550 (lumi)
e v 8680 £ 80 (stat) = 250 (syst) £ 420 (lumi)

W-— uv 8510 + 60 (stat) =210 (syst) £ 410 (lumi) 83703‘118
(v 8580 = 50 (stat) & 160 (syst) & 410 (lumi)
ev 20070 + 120 (stat) & 570 (syst) & 960 (lumi)

W uv 19870 =+ 80 (stat) 4 460 (syst) 4= 950 (lumi) 19700135
v 19950 £ 70 (stat) £ 360 (syst) = 960 (lumi)
ete™ 1920 £ 20 (stat) £ 60 (syst) &= 90 (lumi)

Z ptu~ 1900 = 10 (stat) 4 50 (syst) + 90 (lumi) 1870139
¢+¢= 1910 4 10 (stat) + 40 (syst) + 90 (lumi)

Quantity Ratio (total) NNLO

e 1.313 £ 0.016 (stat) & 0.028 (syst)

Rw:/w- M 1.334 + 0.011 (stat) & 0.031 (syst) 13541001
¢ 1.323 + 0.010 (stat) & 0.021 (syst)
¢ 5.94 £ 0.07 (stat) == 0.16 (syst)

Rw+/z M 5.98 4 0.05 (stat) = 0.14 (syst) 6.061008
4 5.96 4+ 0.04 (stat) + 0.10 (syst)
e 4.52 £ 0.06 (stat) = 0.12 (syst)

Rw 7z H 4.49 4 0.04 (stat) £ 0.10 (syst) 448150
¢ 4.50 4 0.03 (stat) + 0.08 (syst)
¢ 10.46 £ 0.11 (stat) 4= 0.26 (syst)

Rw,z u 10.47 + 0.08 (stat) + 0.20 (syst) 10.551007
14 10.46 £ 0.06 (stat) = 0.16 (syst)
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Differential cross sections

* Transverse momentum of the negatively charged muon
* AMC@NLO and Powheg predictions are normalized to NLO cross section
* PDF and scale uncertainties are shown for the predictions

23" (13 TeV) 2.3fb" (13 TeV)
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Differential cross sections

* Transverse momentum of the positively charged muon
* AMC@NLO and Powheg predictions are normalized to NLO cross section
* PDF and scale uncertainties are shown for the predictions

2.3fp" (13 TeV) 2.3fb" (13 TeV)
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Differential cross sections at Vs = 8 TeV

* Transverse momentum distribution of Z boson in di-muon channel
* Compared to ResBos, POWHEG, and FEWZ predictions
* FEWZ calculations are not resummed (soft gluon resummation)

CMS 18.4 pb” (8 TeV) CMS_ | m
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Differential ratios at Vs = 8 TeV

* W-/W* differential cross section ratio for muon channel
* Compared to ResBos, POWHEG, and FEWZ predictions

‘4 CMS 18.4 pb™ (8 TeV) CMS 18.4 pb™' (8 TeV)
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Differential cross sections at Vs = 8 TeV

* Transverse momentum distribution of W boson for electron channel

* Special low pileup run at Vs =8 TeV

* Compared to ResBos, POWHEG, and FEWZ predictions
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Rapidity of Z boson at Vs =13 TeV

 Rapidity distribution of Z boson

2.3fb" (13 TeV) 2.3fb" (13 TeV)
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W charge asymmetry at Vs =8 TeV

* Differential cross section and muon charge asymmetry

* Constraints on the valence and sea quark distributions

CMS, L = 18.8 fblat s=8TeV 1 CMS NNLO HERAPDF method
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Systematic uncertainties (muons)

Source wr wW- W Wt/W- Z Wt/Z W~ /Z W/Z
Lepton charge, reco. & id. [%] 19 17 1.8 0.3 2.2 0.6 0.6 0.6
Bkg. subtraction / modeling [%%] 0.6 0.6 0.6 0.4 0.6 0.8 0.8 0.8
ET"* scale and resolution shape NA shape

Muon scale and resolution shape NA shape

Total experimental [%] 20 18 1.9 0.5 2.3 1.1 1.1 1.1
Theoretical Uncertainty [%] 20 17 1.3 2.3 1.5 2.0 1.9 1.6
Lumi [%] 48 48 48 NA 4.8 NA NA NA
Total [%] 56 54 53 2.3 5.5 2.3 2.2 1.9

* 50 ns results
* Dominated by the current luminosity uncertainty
* Cancels in the ratios
* Experimental and theoretical uncertainties are comparable

CMS-PAS-SMP-15-004 N
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Systematic uncertainties (muons)

Lepton reco. & id. [%] 1.3

Bkg. subtraction / modeling [%] 0.1 Total data y1e]d 1343017+1160
P et [ 13 Background yield 705041330
QCD Cf,rrecﬁons [%] 11 Dressed acceptance 0.37210.005
%‘_/IV Correctligls [%] - (1)-1 Naked acceptance 0.36610.005

eoretical Uncertainty [% . o« o

Cumi %] 5% Efficiency 0.8540.01
Total [%] 33

* 25ns Z->up results
* Full dataset, 2.3 fb'1
e SMP-15-011
* Reduced experimental and luminosity uncertainties

CMS-PAS-SMP-15-011 .
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Systematic uncertainties (electrons)

Source w+ wW- W W+/W- zZ Wt/Z W~ /Z W/Z
Lepton charge, reco. & id. [%] 21 20 21 0.6 2.5 1.2 1.0 1.0

Bkg. subtraction / modeling [%] 1.4 14 14 0.9 0.6 1.5 1.5 1.5

EF"® scale and resolution shape NA shape

Electron scale and resolution shape NA shape

Total experimental [%] 25 25 25 1.1 2.6 1.9 1.8 1.8

Theoretical uncertainty [%] 16 14 14 1.9 1.6 1.9 1.9 1.7

Lumi [%] 48 48 48 NA 4.8 NA NA NA
Total [%] 56 56 56 2.1 5.7 2.7 2.6 2.5

* Dominated by the current luminosity uncertainty
e Cancels in the ratios
* Experimental and theoretical uncertainties are comparable

CMS-PAS-SMP-15-004 "
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Theory uncertainties

* Higher order QCD corrections [NNLO] and resummation

e Compare ResBos/DYRES [NNLO and NNLL] with the baseline
acceptance

* PDF uncertainties
* Uncertainties due to error PDF sets and o,

* Missing QCD corrections beyond NNLO

* Use FEWZ 3.1 to estimate the uncertainty by varying the factorization
and renormalization scales: pr=p.={M,2M,M/2}

* FSR modeling and higher order EWK corrections

* Use Horace for FSR modeling and compare to Pythia 8 FSR modeling

 Compare Horace with full NLO EWK corrections to Horace with just
FSR correction
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Total inclusive cross sections

* Electron and muon results combined assuming lepton universality
* Good agreement with SM NNLO prediction
* Theoretical predictions at NNLO from FEWZ using NNPDF3.0 PDF set
* Scale and PDF uncertainties are included
e Z->uu update with full dataset: 1870 + 2 (stat) £ 35 (syst) £ 51 (lumi) pb

CMS Preliminary 43 pb™ (13 TeV)
T 1 T ] Ll 1 T T ] ] 1 T T T I 1
H-e4{ Observation, uncertainty (exp., exp. ® theory) Theory: FEWZ (NNLO), NNPDF3.0
Uncertainty (lumi) Observation: NNPDF3.0
Wty — — 11870 £ 50, + 230syst +550,, . pb

11330 £ 300 pb

e

""" WH.V,_;._._H]ggggiggop;mﬂ%opb
""" H,,__._H}g;gi;gpbﬂoyi%.wb
""" "’V]'_')FV'/';A;.'_:I.'V""""H"'""H"""""""""iféééEbfd{ds'ta't"i'bfdé{s;s]'"""'

1.354 £ 0.011

WsI'y 1 Z-I1T —— g:gg i 8:8;5‘3‘ 010
""" Wolvizolt e A80003,5008,,
""" Qv';'.;'[z’;’.il.‘-'"""""".’;4""""'"""j’g;ggfgfgéslaﬁ67"65};5"""""
09 10 11 12
6/16/16 ratio (exp./th.) of total cross sections and ratios 43



Fiducial inclusive cross sections

* No theoretical uncertainties on the measurement
* Good agreement with SM predictions

Muons Electrons

CMS Preliminary 43 pb™' (13 TeV) CMS Preliminary 43 pb™' (13 TeV)
T T T I T T T T l T T T T I T T T T l T T T T T I T T T T l T T T T I T T T T l T T
H-e+ Observation, uncertainty (exp., exp. ® theory) Theory: FEWZ (NNLO), NNPDF3.0 H-eH Observation, uncertainty (exp., exp. ® theory) Theory: FEWZ (NNLO), NNPDF3.0
Uncertainty (lumi) Uncertainty (lumi)
T T 5040+20 +100__+240 pb | [T R 4900 + 40__+120__+240 pb
Wt = 5030+ 170pp % P W osetv H—p—H w705 1500
. + + + + + +
Tl e
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T s
""" T T T T T T T Y29 k001, 001, T T T T T T T T T Y002, 001 T
W—)}.l"V/W—)LlV I. I _| 131+00351at syst Wae*v/Wae'v I_i_._ | I 132+003stal syst
""" D P & < T I o X I T T T T T 75009, 045, T
""" T LT Ber+005,_ 006 T T T T s 97008, 041 T
Wy 12 Hp—H Ser oo WoeIZoe's He—H  Saignee
""""""""""""" . T T T 1300+ 040, 014 T T T T T T T T T 132044, 4025
Wonv /Zop'e H—eH 1310024 o W—ev/Z—e'e H—e1H 1374025 o
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ratio (exp./th.) for fiducial measurements ratio (exp./th.) for fiducial measurements
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Fiducial inclusive cross sections

o9 xBR(W*— pv) [pb]

* Good agreement with SM predictions with different PDF predictions
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Total fiducial cross sections

* Measured fiducial cross sections:
e Dressed: 695 * 1 (stat) £ 9 (syst) £ 19 (lumi) + 2 (FSR) pb
* Naked: 684 *1 (stat) +9 (syst) £ 19 (lumi) pb
* Fiducial cross section prediction: o x A
* 0. inclusive total cross section from FEWZ
* A: acceptance from AMC@NLO
* Dressed: 695 + 23 pb
* Naked: 684+ 23 pb CMS-PAS-SMP-15-011
* FEWZ fiducial cross section
e Dressed: 712 + 16 (PDF) pb
 Naked: 700 * 16 (PDF) pb
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