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W and Z inclusive cross sections at 8 TeV

Z p+ differential cross section at 8 TeV

W electron charge asymmetry at 7 TeV

Drell-Yan differential cross sections at 7 TeV

DIS 2013 2



Introduction

7 TeV LHC parton kinematics

. . 109 mmmmmmm
W and Z leptonic decays - clean final = (M7 TeV) expley) :

states 10°F Q=M

n e

Test for SM predictions at TeV scale

 Precise measurements sensitive to
NNLO theoretical calculations

(GeV?)

] . 10°* — M =100 GeV
« Can probe and constrain PDF’'sinanew & ¢ |

kinematic regime at 103 < x < 10"

Background for Higgs and BSM searches

Good samples for detector calibration
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W and Z Inclusive Cross Sections CMS-SMP-12-011

« Important benchmark for precision measurements at 8 TeV

* |nclusive W and Z cross-sections at 7 TeV were measured
with 2010 36pb-! of data, with ~1% experimental precision

« 8 TeV cross section measurements are performed with the
first 19 pb-' of 2012 data, collected with special conditions,
similar to 2010 data:

« Low pile-up (~5 interactions / bunch crossing)

« Special trigger menu: single lepton triggers with loose
quality criteria and low p; thresholds
« 22 GeV for electrons
« 15 GeV for muons
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Z Inclusive Cross Section at 8 TeV CMS-SMP-12-011

Dimuon and dielectron channels
Clean signature: 2 isolated high p; leptons
Selected in mass window: 60GeV <M < 120GeV

. . CMS Preliminary 18.7 pb” at Vs =8 TeV
Small background contamination T T T T T T T T T T T T
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
Z—uu Z—ee
«  p>25GeV, |n|<2.1 « p>25GeV, |n|<2.5 113004 nb
+ ~6K candidates « ~bK candidates Z—ee
1.10£0.02,, +0.05, +0.05,,,, nb i
« Stat.error =1.3% « Stat.error =1.4% Zoup .
_ o _ o 1.13£0.01,,,+0.03,, +0.05,, nb
« Expsyst. =12%  Expsyst. =2.8%
« Dom. by efficiency « Dom. by efficiency Z-ll (combined) el
_ o - o 1.12£0.01,,,+0.02,,, +0.05,, nb
 Theory acc. =1.9% « Theory acc. = 2.6% | | ‘ ‘ | | |
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o, 710‘ ] o, 700 = —
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W Inclusive Cross Section at 8 TeV CMS-SMP-12-011

Muon and electron decay channels
Clean signature: isolated high p; lepton and large Missing Transverse Energy (MET)

Signal extracted with binned maximum likelihood fit to MET

+ Signal shape: from MC with data driven recoil correction CMS Preliminary 18.7pb”" at Vs =8 TeV
 QCD shape floating | NNLO, FEWZMSTW2008 predictlion
« In muon channel constrained from control region [with MSTW2008 68% CL uncertainty]
1250+ 0.32 nb
W—-puv W—ev Wesev
H-H-H
* muon p;>25 GeV, |n|<2.1 + elec p;>25 GeV, |n|<2.5 12.04£0.05,, +0.38,,+0.53,,,
Wopv o
+ ~81K W events « ~75K W events 1179+ 0.04,,,+ 0.27,  +0.52,,, b
. Ex_p._ systematics dom. by . Ex.p._ systematics dom. by Wl (combined) m
efficiency (2.5%) efficiency (1.0%) 11.88+ 0,03, + 0.2,  + 052, nb
! ! ! ! | ! ! ! ! | ! ! ! ! |
CMSP li CMS Prelimi 0 ° 10 15
U —— ey et OB REmEy o(pP—W)<BR(W—IV) [nb]
& B o 188pb1 at\J_ 8 TeV : 3 18.7pb? at\E=8TeV |
S 6000 -\ et I —aa 1« (Good agreement with
£ so0- ) mat 4 8 mos T ] Theoretical prediction from
" 4000 )/ 4 i " 1 NNLO FEWZ+MSTW2008
3000; £ 1 é ]
2000 f . E 1 -« Total uncertainty dominated by
1000 E ] luminosity (4.4%)
5 ‘ : ‘ ‘ 5 I : 4 .
e | SR RO L OBORT B Acceptance uncertainty 2.2%
-5 -5
020 40 6 80 100 0 2040 60 80 100 for muon and 2.7% for electron
By [GeV] £, [GeV]
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W/Z

» Acceptance error:
 2.5% for muons
 2.0% for electrons

« Total exp. uncertainty
e 1.7% for muons
e 3.9% for electrons

W+ W-

» Acceptance error:
* 1.4% for muons
 1.5% for electrons

« Total exp. uncertainty
e 1.2% for muons
 3.8% for electrons

CMS Preliminary

18.7 pb" at s =8 TeV

CMS Preliminary

T T T ‘ T T T | T T T { T T T | T T T | T T T { T T T
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
11.04 £ 0.04
W-oev, Z—ee
10.99+ 0.16,, + 0.39, FiH
Wopv, Z-pup Hotd
10.44+0.14,, +0.29,
W-lv, Z-ll (combined) HeH
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PRI U NN NNIEUN EAVERIRTIN NP AP R
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Ryz = [6xBR J(W) / [ 6xBR |(2)

18.7pb" at Vs =8 TeV

T T \ T T T T | T T
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
1.41+0.01
+ +. - -
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1.44+0.01,,+0.05,
+ +, - -
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XBR(Z-)[nb]
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z

O

Sl XBR(W —iv)[nb]

» Part of the experimental and theoretical uncertainties cancel
» Good agreement with theory predictions
* More sensitivity to PDF’s in differential cross-sections and asymmetries = next slides

CMS-SMP-12-011

CMS Preliminary
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Z P, Differential Cross Section at 8 TeV

CMS-SMP-12-025

e Dimuon channel

CMS Preliminary

3 ﬂ% (GeVic]'

le.Apb"atE:BTe

-
S

,}%;eewcr
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¢ p;2>20 GeV, |n|<2.1
e 60GeV<M<120 GeV
e ~7K dimuon events

= Madgraph

nl<2.1, pT:-20 GeV

CMS Preliminary
J 184pb at{z=8TeV

* Good agreement with 3 -
: * § s ;
Madgraph + Pythla Z2 1 & 6oV "% g Gevie
T " CMS preliminary g oo Jw‘;pbv‘a,ﬁ;”ev " CMS preliminary E
3 102 18.4 pb” at /5=8 TeV & i —e— dota @) E
. . - . g ) L o006 E
Improved description with £ ¥ R = E
RESBOS at low g5 2 ® b | EUEE E
ml<21, p;>20 GeV E
10°E —e— data 0.03 —E
I Pythia/Powheg Z2star -
] 4o L M FEWZ CTEQI2NNLO ]
« Good agreement with NNLO ! |
FEWZ calculation at high q; § |
;—M

(data - theory)/o ..

(=]

0 30 40 50 60 70 100

a, [GeV]

« Different Pythia UE tunes compared, Z2star gives the best description

. . . . . -
5 10 15 20 25
a [GeV/(%0
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Z P, Differential Cross Section Ratios at 8 TeV /7 TeV CMS-SMP-12-025

3.5 — 3.5
- CMS Preliminary : —e data CMS Preliminary
3 —e—data J- L=236pb " at {5=7 TeV 3
C C . |FEWZ NNLO+CTEQ12NNLO
C '[ L=18.4 pb at y5=8 TeV C
2.5_— 2.5 —
> | > | .[ L=36pb”at §5=7 TeV
e e
~ 2 N~ 2 9 'y
> > L=18.4 pb" at ys=8 TeV
e C 2 F
o155 o151
® L s L
(14 - 14 - * * { e
1:...§.; .................. ? ........ {. ......... é ........... {. .......... % .......... * ..... 1 __i ......... *......................... P ........* .......................................
C N { L
05F 051
oL | | | | | | | Ly | oC |
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* Result compared with Z p; measurement at 7 TeV with 2010 data
* Uncertainties are statistics-dominated

« Good agreement with theory predictions at both low and high p; regions
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W Electron Charge Asymmetry at 7 TeV CERN-PH-EP-2012-151

0.0<|n, <0.2 « W charge asymmetry measured in
_ ot OMS _  sd0pblat Ns=7Tev bins of decay electron n:
o7 et Te y
o L.EF ne)l < ne) < 4 - '~
g 6 PL ]- Ip:((e))|>3g'(23ev T _ L:((e))LSgéev 7 A(n) = da/dr;(W+ — €+V) —do/dyp(W™ — é 1_’)
84 fr ‘T 1 . win il do/dy(W+ — (+v) +do/dy(W- — £-7)
T4 Ow—ev + Ow—ev ] . ey
. Ir H_L e i Mew ¢ is sensitive to valence and sea quark

T | contributions at 103 < x < 10"

« Clean measurement,
80 many systematics cancel out

40

60

£, [GeV]
« Measured with first 840 pb-' of 2011

%103 CMS 840 pb' at \Vs=7TeV data at 7 TeV
(?B 6 e+ ; T e .
iTa B% TR vsmeisi|  + Electron pr>35 GeV
<y ’ * cata coma | « In A|n| =0.2 bins, from 0-2.4
Llc.l Ow —ev Ow—ev

3 Eew +t Eew +t | . .

aco « BML fit to extract the signal

2 *1 « Signal templates from MC with

Ir 'LL corrected recoil

ol e 6';"'*:'&) — * QCD templates from control region with

. [GeV] inverted electron ID criteria

MET distributions in two electron |n| bins
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W Electron Charge Asymmetry at 7 TeV CERN-PH-EP-2012-151

* Observed asymmetry in each
pseudorapidity bin is corrected for

« Efficiency difference between e+ and e-
« Charge misidentification
*  Momentum scale and resolution

* Full covariance matrix provided
« Dominant uncertainty from g*/¢":

« ~0.5% at low and ~1% at high |n|
* limited by Z statistics

 Good agreement with CT10,HERA &

NNPDF, worse with MSTWO08 (improved

in new versions)

« Significant constraining power

Electron Charge Asymmetry
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 Muon charge asymmetry results at 7 TeV with full 2011 data coming soon...
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Drell-Yan Differential Cross Sections

« Measured with full 2011 7 TeV dataset

- Differential cross-section: (1/0,) do/dM:
* In di-muon and di-electron channels
* Normalized to Z mass peak
* Full phase-space
40 mass bins, from 15GeV to 1500GeV

- Double differential cross-section: (1/0,) d?c/dMdY:

* In di-muon channel

* Normalized to Z mass peak

« Within muon kinematic acceptance:
* pr?>14,9 GeV, |n|<2.4

« 6 mass x 24(12) rapidity bins

DIS 2013
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Backgrounds CMS-SMP-13-003

Signal model: POWHEG MC reweighted to NNLO FEWZ S 45t"ans=7Tey  CMS Preliminary
Dominant backgrounds: = o

Bl EWK

B Eaw+W
Il QcD

e Muon:

* Low mass: QCD multi-jet
e Peak: DY~->11
* High mass, top pair, di-boson

o A4

:._, i PN B .
0 QCD background estimated using data-driven =
5 30 60 120 240 600 1500

“ABCD” method using same-sign and non-isolated M(up) [GeV]
muon control regions

-
(=]
©

O Top-pair is determined with data-driven technique § 8t at G770y CMS Preliminary
using e,y data sample §1°: . data
_% 105 - v:g:ee
« Electron: o = e
- Low mass and peak: DY->Tr - o i
* High mass: ttbar, di-boson -
O DY->1r, top, di-boson backgrounds determined with 1?
e-u technique Q 15[ T 11
0 QCD and W+jets by applying fake-rate on a sample g ool TIT T
with one electron failing selection T e w0 R e
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Analysis Procedure CMS-SMP-13-003

Corrections applied to background-subtracted, T y*Z = uu at\s = 7 TeV, GMS Simulation
observed signal yields 08 - ﬂwmﬁfﬁﬁ:&:ﬁ;
- Detector resolution effects unfolded: 06l ..-o';}a*}ﬂﬂ R
« Take into account bin-to-bin migrations i /. °
 Determined with Monte-Carlo simulation 04 o ]
L .
« Efficiency (trigger & offline quality selection) 02 +ﬂ“ € —
« Measured efficiencies in MC corrected to L TAxE
match with data %5~ 30 60 120 240 600 1500

M(up) (post-FSR) [GeV]
« Acceptance (lepton p; and n cuts)

* p;?>14,9 GeV, |n|<2.4 muons - y%Z > ee at\s = 7 ToV, CMS Simulation ]
« p2>20,10 GeV, |n|<2.5 electrons [ ]
« Determined from MC 081~ *ﬁ-ﬁ:_;:
 NNLO FEWZ re-weighed Powheg used - Wﬁ‘ﬁffﬂ —o
. . o 0.6 “.0' '¢‘¢"D_D_ —
(double differential measurement done within acceptance) i MQV &
i o
0.4 I ﬁﬂﬂ. DDDD —
« Final State Radiation (FSR) effects unfolded [ e dﬂﬁ@ﬂ@ A

« Take into account migration into and out of the 0.2 M € s
acceptance region - ;ﬁ = Axe

« Migration between measurement bins 0530 60 120 240 600 1500

M(ee) (post-FSR) [GeV]
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Drell-Yan Differential Cross Section

Measured in full phase-space
» Corrected for efficiency & acceptance
« Unfolded detector resolution & FSR

ee and pyu channels combined
« taking into account correlations

Dominant exp. systematics:
 Muon:
* low mass: efficiency ~2%
» peak: det resolution~ 2-3%
» high: background ~5%, 15%(last bin)
* Electron:
* low mass: total ~ 3-5%
* peak: e-scale & bkgd ~15%
* high: background 4-7%, 30%(last bin)

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

Acceptance & modeling
* uncertainty at low mass ~10%

data/theory

Theory calculation with NNLO FEWZ+CT10
Additional EWK corr. uncertainty from photon
induced processes

1
10
102
108
10
10°
10°®
107

108

CMS-SMP-13-003

CMS Preliminary

48fb"ee, 4.5t ppat s =7 TeV
‘ A
Y*/Z — ee, uu

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

15 30 60 120 240 600 1500

M(ee, uu) [GeV]

Good agreement with theory prediction in entire mass range!
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Drell-Yan Double-Differential Cross Section

CMS-SMP-13-003

« DY double differential cross section measured in dimuon channel
 Normalized to Z mass peak

« Within kinematic acceptance: p;'2>14,9 GeV |n|<2.4

« 6 mass bins: [20-30], [30-45], [45-60], [60-120], [120-200], [200-1500] GeV

* 24 rapidity bins (12 in last mass bin), between 0 and 2.4
p—d LI LI L I L L O L O I A O b LALLM B = I O =
% o 06: CMS Preliminary, 4.5 fb' at\s = 7 TeV, 20 < M(up) < 30 GeV 7 % 0.09 F CMS Preliminary, 4.5 fb' at\s = 7 TeV, 30 < M(up) < 45 GeV 3 E CMS Preliminary, 4.5 fb" at\'s = 7 TeV, 200 < M(up) < 1500 GeV :
;: L —e— Data (1) ] ; g —e— Data (1) g —e— Data (1) =
— r ] — o0.08F 3 E
B o050 . 7 ] g . E . ]
B SE % FEWZ+CT10 NLO 1 B E % FEWZ+CT10 NLO 3 % FEWZ+CT10 NLO =
L= C 7 ] s "¢ 7 E 7 ]
N g.04F N - N = AN = N E
o 0.041 5% FEWZ+CT10 NNLO ] o 0.06¢ S35 FEWZ+CT10 NNLO 3 833 FEWZ+CT10 NNLO 3
- R e ] - -‘ E E
mmmﬁf. s oS SURI ] 0.05 e R TR - E ]
0.037~ NP v S ] F - ﬁ E C ]
= =N - 0.04— - % — C ]
- # ] c 4 ] E E
0.02_ 5% ] 0.03— % — F E
4 E E E =
C ] 0.02F- = = E E
0.01 4= — E s ] F 3
F ] 0.01 e ] E 3
r == r = C aJ
ol il [ | | | | [ oL | | | [ | | | L 1 9 oL | | | | | | | | Loy bres
> 14 2 .2E > 14
§ s § E E § s | |
E::i+_J+|i¢ii—H—t——+—l T | 5 -‘i'i‘i+iii“ gy ESTNE -y - T S
3 e S e =i il S o09f + REs E %o.:—*—‘ : bl L
08 08F E| 08
0 02 04 06 08 1 12 14 16 18 2 22 24 0 02 04 06 08 1 12 14 16 18 2 22 24 0 02 04 06 08 1 12 14 16 18 2 22 24

Dimuon Rapidity, |Y(up)| Dimuon Rapidity, |Y(up)| Dimuon Rapidity, |Y(up)|

« Compared to NLO and NNLO FEWZ+CT10 theoretical predictions
* At low mass NNLO corrections are important
» Sensitive to PDF uncertainties
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Drell-Yan Double-Differential Cross Section CMS-SMP-13-003

= o — I B I A
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« Comparison with NNLO FEWZ + Different PDF sets (only central members)
* Can be used to constrain PDF’s
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Presented results from following measurements

« W and Z inclusive cross sections at 8 TeV ~ (CMS-SMP-12-011)
« Z p; differential cross section at 8 TeV (CMS-SMP-12-025)
* W electron charge asymmetry at 7 TeV (CERN-PH-EP-2012-151)
* Drell-Yan differential cross sections at 7 TeV (CMS-SMP-13-003)
* Precise test of the Standard Model at TeV scale
 Measurements sensitive to NLO and NNLO calculations

 Results in a good agreement with theory predictions

« PDF’s probed and constrained in a new kinematic regime

* More results from 7TeV and 8TeV measurements still to come...

 https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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DY Differential Cross Section Unfolding CMS-SMP-13-003
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