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CMS Data taking

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

- 25 . . . . 25
z = 2010, 7 TeV, 44.2 pb*
e Total 29.4/fb delivered to CMS detector 2 —— 2011, 7 TeV, 6.1 !
vsi :'; 20 —— 2012, 8 TeV, 23.3 b ! 120
e / TeV analysis §
= New result from Muon Q Y |
©
w -
Asymm.4.7/fb fulldata 2011 ™ 0
Q
= DY differential: 4.5(Mu), 4.8(Ele)/fb full 2011 £ s <100 {5
data ,'_*5 /
= Electron Q Asymm. 840/pb data 2011 w0 W 0 e of o gt

Date (UTC)

CMS peak interactions per crossing, pp

e Low Pile Up (Av. 3 bunch crossing) 8 TeV Special

ru n : Data incluc‘ied from 2019-03-30 00:00 t‘o 2012-12-16‘20:50 UTC a5
g 2010, 7TeV +=68.0mb e 2011, 7TeV 0=68.0mb e 2012, 8TeV ¢=69.4mb 140
= 19/pb in the beginning of 2012 data taking ¢ R
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Measurement of the Muon Charge

Asymmetry in inclusive W production at 7 TeV




Motivation

e Overall excess of W+ over W- due to the presence

of two valence u-quarks in the proton

e Muon Charge Asymmetry on eta
BE ASY Y P() — E(y)

Aex -
= High precision than boson (1)

~ P(y)+E(n) @
e Full 2011 7 TeV dataset amount to 4.7/fb

uoow L d w [
= Measurement with 20 M W bosons >vvv\< > >vm<
d v u v

e high precision than previous measurement

CMS 840 pb™ at Vs=7TeV
0.25- | |
. pT(e) > 35 GeV

® Electron Charge Asymmetry

PRL 109 (2012) 111806

840/pb at 7 TeV

pT >35 GeV/c, 11 Bins of |n|<2.4

very precise (4-5%) to theory predictions

o
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o
Y
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== HERAPDF1.5 -
------ MSTW2008NLO
—— NNPDF2.2 (NLO)

theory bands: 68% CL
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Muon Q Analysis

CMS preliminary ___ \s=7 TeV, 4.7 fb"

~ i — ]
® For better resolution for MET distributions, several G 91.4[ y
correction techniques are applied %\:: o It ]
. = .
e Muon momentum scale correction: R SN %%_&iffﬁ?ﬂ}ﬁ: .
. . . . - - @ 5
= Due to misalignment and mis-modeling of [ T Teee® .
magnetic field Before 90'8—_ —— Reference i
. . . . | —o— Simulation i
= The correction is derived from <1/pT> in 90.6/ - pata ]
. I R E N RN IR B

(n,¢,Q) using Z events 2 1 0 1 2
n of u

= Effect on: acceptance region, missing

transverse energy (MET % o1 al -
. gy( ) After © 94 _
= Corrections applied to data and MC A i ]
o , s 91.21 -
e Drell-Yan sample Normalization correction ) e P
= I ®o0 50000000 ]
. V L _
= Mass dependent k-factor derived to match data M -
normalization in DY control region 90.81- ]
- — Reference -
| —e— Simulation ]

e e ey ey
-2 -1 0 1 2
CMS-PAS-SMP-12-021 nof u
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MET corrections

Define Hadronic Recoil to study MET
taking advantage of well defined lepton

e ® modulation correction in data and MC

A = Caused by deviation b.t.w. interaction point
u— —MET — ZPT and detector coordinates

= To make d (MET) flat
= Fit on u;jand uL with A(n)cos(¢-¢y(n))

‘\T y \T ’ ﬁ Hadronic Recoil correction in MC

/ / - d = To match recoil and resolution to data
u 1 ! X . . .
v AR = Parallel recoil estimated for each of 4 |n| bins
CMS preliminary Vs =7 TeV, 4.7 fb” from a Iead|ng jet . . .
s bata | 3 ¢ = Parallel & Perpendicular resolution in each n-
2 40000E- ot DY —uu = vertices
£ ss000]- Bl DY st E
Lﬁ 30000;— _i CMS preliminary \Vs=7TeV, 4.7 fb"
250002— —i Ezsooo:—luuIlllllllllllllilgita'IHHI_: ]
20000 4 & _F mo .« | torder, forresolutionw/sqrtftn }
150002— _i ;..»a..........,...............,,“......-......z B i A A O O RN
e E : E — ) (q7) = (co+ crqr) (1 +erf(aqh))
5000 - = e E
R e — S T E E o(qr;n) = /N2 + S3qr,
DT e B i C O b 3
g 1 g.r: Sensasere oo o SR ,...-;.'.““«,;«t;w##### +*++++ % 14 ; ‘ : ‘ i ‘ '
] 8 1'2:* N - N
8 S
0 5 10 15 20 25 30 35 40 45 50 0.6

3 2 1 0 1 2

E, (GeV) g CMS-PAS-SMP-12-021
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Signal Extraction

CMS preliminary \'s =7 TeV, 4.7 fb"
[ ] [ ] [ J [ J [ > :I T T1 | T 17T | T 17T | T 17T T T T T T T T T T | T T T | T T T | T T1 I:
® Fitting MET distributions g E
P . 0.00 <l <0.20 -
= Binned Maximum likelihood for 11 bins, |n]| g 30000~ - Data —
i - W ]
<2, — vy B QCD =
2.4 25000(- o A -
= MC templates used 20000 W EWK+t =
= Floating: Number of W and QCD events s000F -
= Fixingo: - .
Fixing: jo000f— =
® Ratio of QCD+ and QCD- to control region (CR) value n ]
® DY and ttbar normalization (+corrections to CR ) 2000 ;& ., =
® W->TauNu normalized to W->MuNu o_ T e
©)
e True charge asymmetry applying the charge =
©
dependent efficiency ratio (r'V*/W-) S

= Muon efficiency from Tag-and-Probe

technique with Z control sample

Green: statistical uncertainty in the
shape of MC MET

Atrue _ graw _ 1 — (Am)? <TW+/W— _ 1)

2 CMS-PAS-SMP-12-021
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Muon Charge Asymmetry

M limi =7 TeV, 4.7 fb” .. :
- CMS pre e l\E S e Measurement precision 0.2-0.4 % per bin
£ 03f -
o . .
e [ P>25GeV i} ® Dominant systematics:
= i ]
o | = Efficiency ratio e+/e-
© 095 Data
S = QCD Normalization
CU .
5 = Muon Scale (for pT>35 analysis)
0.2 CMS preliminary \s=7TeV, 4.7 fb
E,.O 25 I I I I | I I I I | I I I I | I I I I | I I I
NLO FEWZ 68% CL - ol n
% v CT10nlo a - i pT>35 GeV
0.15 88888 XY NNPDF23nlo — - i
HERAPDF15nlo i u>)" -
Ry MSTW2008nlo i o - —e— Data i
- V//) MSTW2008CPdeutnlo _| o 02— B
| | | | | | | | | | | | | | | | | | | | | | | 9 - —]
0 0.5 1 15 2 s | ]
Muon Iyl S i

e Good agreement with CT10, NNPDF and HERA, worse 0.15—

with MSTW - NLO FEWZ 68% CL ]

B SOSH; ¢ CT10nlo N

e New MSTW shows significant improvement mW/ \\\\/\\\ﬁ i

. . ) . NS N nlo _

= Flexible input parameterisation S mgmigggc'pdeutmo ]
- Deuteron Correcﬁon O [ |O|5| [ ‘|I [ |1|5| [ 2| [

e Data uncertainty is much smaller than the PDF one | ' M nl

CMS-PAS-SMP-12-021 uon

SangEun Lee 8



Comparison to Electron channel

® |n good agreement

e Electron and current muon results are
largely independent (common
systematics are negligible)

= Complementary input for global
PDF analysis
e Can make significant contribution to
global PDF analysis

CMS preliminary \s=7TeV
E. [ T T | T | T | T | T | T | T | T | T | T | T | T 1]
[ - i, ; _19- i
E 024" p_>35GeV CMS-PAS-SMP-12 021__
> B ]
& 0.22- = electron 840 pb™ {#
0.2 —* muon 4.7 fb™ _'P— _
0.18- * -
0.16 :%:+ [ —
0.14 j: -
0'12__E | % 4= , -
0.1 -
0.08:| | 1 | L1 | L1 | L1 | L1 | L1 | L1 | L1 | L1 1 | L1 | L1 | | 1 |:

0 02040608 1 12141618 2 22 2.
lepton inl

CMS-PAS-SMP-12-021
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Measurements Of Differential and Double

Differential Drell-Yan cross Sections in PP
collisions at 7 TeV




Analysis

c 10°E 3

e Muon Channel a 1075 45t atNs=7Tev  CMS Preliminary -
. . . % 6?_ ® data E

= Muon in fiducial volume: pT >14, 9 GeV/c, |In| <2.4 o 10K oz

: : : : & 10°E Wz

= Dominant backgrounds are estimated in data-driven ways, W OEWK S

B fawdw
I QCD 3

Top (e-p), QCD (ABCD), others from MC o

= Muon momentum scale & resolution applied to data and 102
MC 10

e Electron Channel

:...

data/MC
o —
01 — 01
I + |
9
Q
)
$
i
9
)
++
| i |

= Electron in fiducial volume: pT > 20, 10 GeV/c, |n|<2.5

15 30 60 120 240 600 1500

= All Electron channel background from data-driven ways: 8 M) [GeV]
QCD and W+Jets from fake rate, others from e-p § Eg 48t'atis=7Tv  CMS Preliminaryz
= Electron energy scale applied to Et and smearing to MC gme? ;:3166 a
e Efficiency correction using MC S ﬁ? Eggg*“ E
= Take into account the difference between data and MC . e
using tag-and-probe method 102
e Correction for detector resolution and FSR effects: "1’
= Unfolding with matrix inversion technique % L RS alelolottt—t] .
CMS-PAS-SMP-13-003 € 5% & 120 2i0 600500

M(ee) [GeV]
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do/dM Results

e With full phase and within detector accep., at CMS Preliminary
pre(post)-FSR C

= 40 mass bins (15-1500 GeV/c?) taking
advantage of the CMS detector
= Test significant NNLO contribution below 40
GeV
e Combined (BLUE) DY invariant mass spectrum in
full phase space

—

I'I'ITI| |||||I'I'l| |||||I'I1| |||||I'I1| |||||rl1|m|||||I1T| |||||I11] |||||I11] ||||||ﬂ| |||||rl| TTT

48fb'ee, 45 uuat Vs=7TeV

107!
Y*/Z — ee, uu

—
4
N

1/, do/dM(ee, uu) [GeV']

—
<
(2]

—4— Data (ee+uu) in 2011
5% NNLO, FEWZ+CT10
NNLO, FEWZ+CT10 (with EWK correction unc.)

—
Q
~

® Cross section normalized to the Z peak
(60<Inv.M<120 GeV/c?)

= Cancel/reduce systematic uncertainties
e Statistical uncertainty: <2%, systematic
uncertainty: <12% up to 200 GeV/c?

|||||m| ||||||,u| ||||||,u| ||||||,u,| ||||||,u] ||||||,u| ||||||u| ||||||u| L1

—
Q
o4}

—
S
©

—
&y
|

//////
TOURN DN NI, D
2 S0 50305 L MOS0 SR Ay

data/theory

o
o
I

e Dimuon and dielectron are compatible within

L. 15 30 60 120 240 600 1500
uncertainties: y?/ndof = 1.1 M(ee, un) [GeV]
® Good agreement with FEWZ NNLO expectation FEWZ calculation with stat+PDF (blue)
of CT10 PDF , + EWK correction uncer. (green)

CMS-PAS-SMP-13-003
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All of the existing NNLO 03| mm rewz+nwpor2.1 NuLO

C I FEWZ+MSTW2008 NNLO

~ I FEWZ+NNPDF2.1 NNLO

0.003 — I FEWZ+MSTW2008 NNLO
— I FEWZ+CT10W NNLO

PDFs

) G Preliminary, 45 b7 at\E =7 Te, 20 < Mu) < 30GeV
dos/dMdY -
e Within the detector acceptance to reduce the model 0,025 E
. . . C —e— Data (n) ]
dependence using 6x24=132 mass-rapidity bins 0.02 [~ M FEWZ+CT10 NNLO =
- I FEWZ+NNPDF2.1 NNLO .
. . . I FEWZ+MSTW2008 NNLO ]
e Interesting for PDF constraints, especially d quark and MO°E I eewzecTio NNLO :
) 0.01— Il FEWZ+JR09 NNLO -
anti quad rk n FEWZ+ABKM NNLO .
0.005 [ T FEWZ+HERA NNLO \ -
. . . C ]
] GOOdagreementW|th mOStOfPDFSbutdeV|ahons 2‘1'3;11111|1||1|||111111|1||||1|l|11[1|1||||||1||1|1—
shown at low and high mass regions " ;§1+@.;@TM;4@@ L e —

= Potential constraint to PDFs expected from the U (7 - B e S B & B
Dimuon Rapidity, |Y(uuw)|

reSUItS ey UL L L L L L L L O O I B RN — B o

%  CMS Preliminary, 4.5 fb' at\/s = 7 TeV, 60 < M(up) < 120 GeV 7] g: E CMS Preliminary, 4.5 fb™ at\'s = 7 TeV, 120 < M(u) < 200 GeV E

< 07f 9 0008 -

=] - 1 T - .

-8 0.6: _: -8 0.007 :—t _E

8 osp 4 Qooos E

T - S 0.0053— —f

0'4:_ —e— Data (1) E - e Data () .

- I FEWZ+CT10 NNLO . 0.004 = mmm FEWZ+CT10 NNLO E

0.2 I FEWZ+CT10W NNLO
~ M FEWZ+JR09 NNLO 0.002 |~ mEEE FEWZ+JR09 NNLO
o1b FEWZ+ABKM NNLO : FEWZ+ABKM NNLO N
- EER FEWZ+HERA NNLO D 0.001— W FEWZ+HERA NNLO %k
I \\«:\_ - ]
>..1.[3_'II|III|III|III|III|IIIIIIIIIIllllllllllﬁ_ 1@_III|III|III|IIIII1III1II]I|III|III|III|III|[I§?_
S L E 1.3 g .
8 Rl st g e vole PO AR Tl B oL B g B g W gL B L i e s VBT R T T T b T TR it
S ook B IﬁflﬂhHﬂ.. 3 § odb Bt g O g i T o Iﬁi%ﬁl{ -
0_82 I %; §:Z L |
002 04 06 08 1 12 14 16 18 2 22 24 S 030406 08 T T35 T4 T6 18 2 93 94

Dimuon Rapidity, |Y(uu)| Dimuon Rapidity, |Y(uu)|




W and Z Cross Section at 8 TeV




Introduction

N

e Update to previous measurement with 36/pb at 7 TeV

0O —
e Using special run with low pileup(3) amount to 18.7+0.9/pb A .+ € - /0 . L
= Un-prescaled trigger with low pT thr.
= Suitable MET resolution for data-driven QCD estimation
e Fiducial volume: pT > 25 GeV, |n|<2.1(mu), 2.5(e) 10° CMS Preliminary

10 T T T T T T T T T | T T T | T T T
18.7 pb?! at s =8 TeV

e Using Tag-and-Probe in Z sample for efficiency

—— data
W—ev

e Electron energy, Muon momentum scale corrections — P

@ QCD

Events / 2.0 GeV
(0]

® Recoil method to correct for the MET

e Z->upu(ee) boson yield extraction: 4

= 4 categories from each muon (electron) ID .

= Add events from categories

e W boson extraction: template fitting e —————

= QCD template from QCD dominant region
e Acceptance: POWHEG NLO MC 0 20 40 60 80 100
CMS-PAS-SMP-12-001
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Results

CMS Preliminar 18.7 pb™ at \Js = 8 TeV
| | | | | | | | | | | | | |
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
1250+ 0.32 nb
e Theory uncertainty interpreted as a 68% CL
Woev -yl
® 7 cross section is limited to a dilepton mass range 12,042 0.055, % 0385, £ 053, b
2 Wopv i
of 60 to 120 GeV/c 11.79+0.04,, +0.27,  +0.52, . nb
e Measurements are consistent between the :
W-lv (combined) i
. 11.88+0.03,,+ 022+ 052 nb
electron and muon channels, and in agreement Y
! ! ! ! | ! ! ! ! | ! ! ! ! |
with NNLO cross section calculations 0 5 10 15
o(pp—W)XBR(W—lv) [nb]
® Inclusive electron, muon, and combined cross CMS Preliminary 18.7 pb™ ot B = 8 ToV
. | | | | | | | | | | | | | | | | | | | | | | | | | | | |
section NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
e Theoretical prediction w/ FEWZ MSTW NNLO PDF 1134 0.04 b
Z—ee
1.10+0.02,, + 0.05_, +0.05,, nb H
£ouu -
Stat. (back) +Syst. (red) + lum (green) 1.13+0.01,, £ 0.03,,, + 0.05,,, nb
Z-ll (combined) el
1.12+0.01,, +0.02, , +0.05,, nb

CMIS-PAS-SMP-13-003 5~ 655 04 06 08 10 12 14
SangEun Lee o(pp—Z)xBR(Z—ll) [nb]




Results (cont’d)

CMS Preliminary Vs =8 TeV
E I: | T T T 1 | T T T 1 | T T T 1 T T T 1 T T T 1 | T T T 1 | T T T 1 .
e W vs. Z x-sec.: ellipses illustrate the 68% coverage S 1o |rdi=187pb? .
e T : -
for total uncertainties 8 115 / =
o : ]
e W*vs. W x-sec in agreement to theory within 1o g E
. : : 1.05F i
e Cross section comparison to previous results from - I et o5 FEWZNNLO Prediction
CMS and other experiment - —— Daasmosysolm) U :
0.95¢- ' —
. .. . 68% CL unc. —s— CTEQ(CT10) -
= Good agreement with theory predictions at 09L E

NNLO for both at 7 and 8 TeV 9.5 10 105 11 115 12 125 13

o\ XBR(W—lv)[nb]
| | I I | | I | | | | | I I I
= e CMS,19pb™, 8 TeV W _ o
— O CMS, 36 pb”, 7 TeV W"‘ CMS Preliminary s =8 TeV
10 - u CDF Rl.,ll'l " = S— E —_I | T T T | T T T | T T T T T T T T T | T T T | T T T |_
o — O Do Run | W = A= 7.9] L dt = 18.7 pb* i
X B A ] = 2]
© Ly UA1 _ T .
— Z - = 7r .
1 _ & _ )
— — H>< | _
E / E Ebg 6-5__ B
: : - Data(stat ® sys) FEWZ NNLO Prediction i
-1 6_— —e— Data(stat @ sys @ lumi) T MSTW2008RLO _
100 = — - —e— NNPDF2.0 -
— Theory: NNLO, FEWZ and MSTWO08 PDFs — I 68% CL unc. —+— CTEQ(CT10) i
_ L _ 55 _— S S SR EN S U E S S S RS S RS B}
5 7 1 0 20 4 42 44 46 48 5 52 54
Collider Energy [TeV] GLXBR(W —iv)[nb]

CMS-PAS-SMP-13-003
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Measurement of the Transverse
Momentum distribution of Z bosons

decaying to dimuons in pp collisions
at sqrt(s) =8 TeV




/ pT differential cross-section

® Transverse momentum qT of dimuon system has w 0% R PR RPAN T AT T A
. % 0.07E 18.4 pb  at ¥s=8 TeV e =
important role o F " Prinigpowneg z2star ]

o 0.06:— e ::x::: ’Z,gstar —
LS — —_— Pyth!a4DgT =
= Non perturbative prediction of soft gluon -t S A T S e E
= 004 -
emission in low qT T = . =
= Perturbative QCD prediction for hard gluon oo ThEe
0.01— =
radiation in the initial state in the high qT oE M2t P2 Ce . o
5 51 ' .

range e f

> C

e Low PU data sample of pp collisions at 8 TeV in g
.. .y . s 50 7
2012, similar PU condition to 2010 analysis s 7% : ]
qT[GeV/c]

e Similar methods used as DY do/dM o | - ]

IS = CMS preliminary 3

= e-u method, fake muon ratio from QCD S o Jreamaimorer

. . . . . s 107 &= =

e Resolution & FSR Unfolding with inverse matrix - E
«— 10-45_ —

. = <21, p,>20GeV 3
technique B _

: . O s :

e Several Pythia tunes tested for the underlying 0°E E

events in the low T .
g 4
5 L

CMS-PAS-SMP-12-025 e —

SangEun Lee
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q, [GeV]
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W & Z production Summary

® Presented

= The first release of W Muon Charge Asymmetry at 7 TeV with 4.7/fb full data 2011 with
high precision results 0.2-0.4 % per bin

= \W Electron Charge Asymmetry at 7TeV with 840/pb partial data 2011

= DY mass, mass and rapidity differential cross section at 7 TeV with 4.5(Mu), 4.8(Ele)/fb full
2011 data

= \W/Z cross section at 8 TeV with 19/pb
= DY (muon) pT differential cross section at 8 TeV with 19/pb

e With high precision, in good agreement to theory prediction within error.

= high precision results contribute to theory calculations

e We are planning to get better results at 8 TeV data with more data 20/fb taken in 2012, cf. 5/
fbin 2011

SangEun Lee
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Measurement of the Electron Charge

Asymmetry in Inclusive W Production
in pp Collision at sqrt(s) =7 TeV




Analysis

«10° CMS 840 pb' at Vs=7TeV
| | | | | | | |
e 3840/pb partially collected in 2011 G T e i
20<In(e) <22 20<lIn(e)l<2.2
pT(e)>35 GeV L pT(e)>35 GeV

e Electron pT >35 GeV/c, 11 bin of |n|
<24

® data ® data

N
T

Entries / 2 GeV
=

|:|W—>ev
Hew + 1

B acop

|:|W—> ev
EHew + 1

B acp

W
[

e Electron with same charges with
three different algorithm to

suppress systematic from mi-charge

0 20 40 60 80 0 20 40 60 80
measurement E. [GeV] E. [GeV]

e corrections on Hadronic Recoil, energy scale and resolution

e Signal Extraction by Ext. binned Max. Likelihood fit with templates floating N(QCD) and N(Sig
+EWK)

e QCD template from Anti-Selection of Data
e Charge misid(w) measured in data from same-sign/opposite-sign Z boson yield

e Relative efficiency from Tag-and-Probe using Z sample

e L AMRED-(R-D) 1 (AM_(R—l)(l—A‘%)>

T 12w (R+1)-Ay(R-1) 1-2w 2

SangEun Lee
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Results

11 bins result with factor 2 precision than
previous 6 bins, error with stat.+syst

PDF uncertainty using PDF reweighting
technique corresponding 68% CL

4 PDFs interfaced to MCFM (NLO)

= data are in good agreement with
HeraPDF, CTEQ, and NNPDF while MSTW

is systematically lower
Very precise (4-5%) theory predictions

Systematic errors from Efficiency ratio, Signal
MET shape (CTEQ6.6), recoil corrections

PU insensitive for using of data-driven MET
templates

0.25

o
— o
o1 )\

Electron Charge Asymmetry
o

O
<
n

+*
‘O
»

.
ot

MCFM:
== CT10
=+ HERAPDF1.5

MSTW2008NLO
——— NNPDF2.2 (NLO)

theory bands: 68% CL

| | | | | | | | | | |
0.05 0 ] 5
Electron Pseudorapidity Inl
10~ 3 Signal Energy Charge Efficiency

Yield Scale and Res. Misld. Ratio

00<|y|<02]| 18 0.6 0.0 4.5
02<|y|<04]| 25 0.6 0.0 44
04< |yl <06]| 27 0.3 0.0 4.4
06<|y|<08| 25 0.3 0.0 4.4
08< |y <10| 19 0.6 0.1 4.4
10< || <12 | 24 1.0 0.1 49
12< |yl <14 | 26 0.8 0.1 5.4
l6<|n|<18| 31 0.8 0.1 9.2
18< |yl <20| 20 1.6 0.2 8.7
20< |yl <22 | 20 2.6 0.3 10.0
22< |yl <24 | 29 24 0.3 12.5




Muon Charge Asymm. Syst. Err

® Units in Percent 7| bin | 0.0-0.2 | 0.2-0.4 | 0.4-0.6 | 0.6-0.8 | 0.8-1.0 | 1.0-1.2 | 1.2-1.4 | 1.4-1.6 | 1.6-1.85 | 1.85-2.1 | 2.1-2.4
pr > 25 GeV

Stat. err. 0.096 | 0.098 | 0.094 | 0.093 | 0.098 | 0.099 | 0.099 | 0.099 | 0.093 0.094 | 0.106

Eff. 0.111 | 0.133 | 0.121 | 0.122 | 0.170 | 0.175 | 0.170 | 0.168 | 0.165 0.175 | 0.268

QCD +/- 0.120 | 0.113 | 0.110 | 0.105 | 0.102 | 0.103 | 0.097 | 0.104 | 0.108 0.094 | 0.183

QCD shape 0.070 | 0.065 | 0.065 | 0.067 | 0.068 | 0.069 | 0.078 | 0.082 0.092 0.083 0.087
Muon scale 0.045 | 0.050 | 0.050 | 0.049 | 0.051 | 0.054 | 0.054 | 0.058 0.054 0.054 | 0.055
PDF 0.028 | 0.026 | 0.023 | 0.025 | 0.018 | 0.020 | 0.027 | 0.031 0.042 0.050 | 0.069
Drell-Yan bkg. | 0.002 | 0.001 | 0.002 | 0.003 | 0.000 | 0.007 | 0.001 | 0.013 0.019 0.038 | 0.046
E1 ® modul. 0.011 | 0.009 | 0.033 | 0.012 | 0.029 | 0.034 | 0.044 | 0.045 0.055 0.049 0.038

Recoil 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.003 0.003 0.004 0.003
PU 0.017 | 0.013 | 0.011 | 0.005 | 0.014 | 0.025 | 0.022 | 0.031 0.019 0.028 0.000
Luminosity 0.002 | 0.003 | 0.004 | 0.004 | 0.006 | 0.009 | 0.012 | 0.017 0.024 0.033 0.040
tt bkg. 0.012 | 0.013 | 0.012 | 0.012 | 0.011 | 0.011 | 0.010 | 0.009 0.008 0.007 0.005
W — tv bkg. 0.026 | 0.026 | 0.026 | 0.026 | 0.026 | 0.025 | 0.025 | 0.025 0.025 0.025 0.024
Wygr 0.003 | 0.004 | 0.004 | 0.005 | 0.008 | 0.011 | 0.008 | 0.009 0.006 0.003 0.000
Tot. sys. 0.18 | 0.197 | 0.190 | 0.186 | 0.221 | 0.229 | 0.227 | 0.233 0.239 0.241 0.355
Tot. err. 0212 | 0.220 | 0.212 | 0.208 | 0.242 | 0.249 | 0.248 | 0.253 0.256 0.259 0.371
pr > 35 GeV
Stat.err. 0.116 | 0.119 | 0.114 | 0.114 | 0.124 | 0.121 | 0.123 | 0.123 0.118 0.123 0.141
Eff. 0.120 | 0.138 | 0.116 | 0.107 | 0.159 | 0.164 | 0.171 | 0.176 0.186 0.194 0.325
QCD +/- 0.151 | 0.138 | 0.135 | 0.128 | 0.133 | 0.118 | 0.116 | 0.122 0.137 0.120 0.168

QCD shape 0.030 | 0.025 | 0.017 | 0.023 | 0.024 | 0.022 | 0.018 | 0.017 0.031 0.031 0.037
Muon scale 0.122 | 0.135 | 0.134 | 0.141 | 0.146 | 0.154 | 0.162 | 0.170 0.161 0.172 0.189
PDF 0.008 | 0.008 | 0.007 | 0.011 | 0.012 | 0.010 | 0.017 | 0.022 0.031 0.040 0.058
Drell-Yanbkg. | 0.010 | 0.009 | 0.009 | 0.003 | 0.006 | 0.010 | 0.008 | 0.009 0.009 0.020 0.040
E1 ® modul. 0.002 | 0.009 | 0.010 | 0.003 | 0.008 | 0.028 | 0.037 | 0.035 0.022 0.022 0.001

Recoil 0.005 | 0.006 | 0.005 | 0.004 | 0.005 | 0.004 | 0.005 | 0.004 0.004 0.006 0.008
PU 0.015 | 0.003 | 0.005 | 0.018 | 0.019 | 0.002 | 0.007 | 0.003 0.013 0.014 0.032
Luminosity 0.001 | 0.002 | 0.000 | 0.000 | 0.000 | 0.001 | 0.004 | 0.010 0.016 0.025 0.039
tt bkg. 0.011 | 0.013 | 0.012 | 0.011 | 0.011 | 0.010 | 0.010 | 0.009 0.007 0.006 0.005
W — tv bkg. 0.013 | 0.012 | 0.013 | 0.012 | 0.012 | 0.012 | 0.011 | 0.012 0.011 0.011 0.011
Wagr 0.004 | 0.002 | 0.004 | 0.004 | 0.007 | 0.005 | 0.006 | 0.009 0.009 0.001 0.014
Tot. sys. 0.232 | 0.240 | 0.225 | 0.221 | 0.257 | 0.258 | 0.267 | 0.277 0.287 0.294 0.423
Tot. err. 0260 | 0.268 | 0.252 | 0.248 | 0.285 | 0.285 | 0.294 | 0.303 0.311 0.318 0.446
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DY 1/0 do/dM Syst. Err

unit (%) Low mass Peak region High mass
Luminosity 2.2
mu ele mu ele mu ele
Energy Scale corr. - <2.5 - <19 -- 3-8
Backgrounds <4 <7 0.1 0.1 15 33
Unfolding <0.5 2-3 3 <13 0.5-3 3-6
Efficiency scale 2 2 <1.5 <1 2 1.5
FSR correction 0.5 <3 1.5 2-6 0.5 10-15
Modeling(MC NNLO rew.) 10 <0.5 2-3
PDF 2.5-3 2-3 2-2.5 2 0.5-1.5 | 0.5-3
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DY 1/0 d?0/dMdY Systematic Err

e Backgrounds

= 4-5% off the Z-peak, increasing up to 15% in the last mass bin
e Momentum scale correction and unfolding

= within 1%
e Efficiency scale factors

= 1.5-3%, up to 10% in the first mass bin
® FSR correction

= within 1%, 2-6% in the FSR region growing at high rapidity
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W/Z cross section Uncertainties

e Theory Uncertainty

= determined as function of W boson pT, following the strength of the strong coupling: Non-
perturbative, Resummed, Perturbative
e Affect of higher order perturbative terms

= Calculate FEWZ (NNLO) Acceptance
e Affect of NNLO+higher order resummed terms

= Compare Acc. difference for Resbos vs. Powheg
= Resbosis an NNLO+NNNLL calculation
e PDF uncertainties comparing NNPDF/MSTW/CTEQ: dominant theoretical uncertainty

® FSR uncertainties+O(a) EWK uncertainties

= Compare Horace w/ and w/o O(a) EWK corrections
= Compare Horace FSR w/ Pythia FSR

| Source | WH W= | W |[WH/W- | Z |W/Z| | Source (W W | W [WW | Z [W/Z |

Lepton reconstruction & identification | 2.8% | 2.5% | 25% | 3.8% |2.8% | 3.8% Lepton reconstruction & identification | 1.0% | 0.9% | 1.0% 1.2% L1% | 1.5%
Momentum scale & resolution 0.4% | 0.7% | 0.5% 0.3% - 0.5% Momentum scale & resolution 0.3% | 0.3% | 0.3% 0.1% - 0.3%
EMisS gcale & resolution 0.8% | 0.7% | 0.8% | 0.3% - | 0.8% EXMsS gcale & resolution 0.5% | 0.5% | 0.5% 0.1% - 0.5%
Background subtraction / modeling 0.2% | 0.3% | 0.3% 0.1% 0.4% | 0.5% Background subtraction / modeling 0.2% | 0.1% | 0.1% 0.2% 0.4% | 0.4%
Total experimental 3.0% | 2.7% | 2.7% 3.8% 2.8% | 3.9% Total experimental 1.2% | 1.1% | 1.2% 1.2% 1.2% | 1.7%
Theoretical uncertainty 21% | 2.6% | 2.7% 1.5% 2.6% | 2.0% Theoretical uncertainty 2.0% | 25% | 2.2% 1.4% 1.9% | 2.5%
Lumi 4.4% | 44% | 4.4% - 4.4% - Lumi 4.4% | 4.4% | 4.4% _ 4.4% _

Total 57% | 58% | 58% | 41% | 58% | 44% | [Total 50% | 52% | 51% | 18% | 4.9% | 30%
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DY pT differential xsection Error
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