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* Introduction

* Electroweak measurements
— Inclusive W and Z cross section measurements
— Cross section ratios
— W lepton charge asymmetry
— Drell-Yan differential and double-differential cross section
— Z/Y +jets cross section
— WI/Z+b-jets production
— Diboson production

— Anomalous gauge couplings

* Summary
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Data Collected

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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* Measurements are from 7 TeV and 8 TeV pp collisions

— Most of the measurements are from the 7 TeV running period

— | will highlight new resu

Its from 8 TeV running period

e All results shown can be found at:
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
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Introduction (l)

* EWAK physics plays a significant role in understanding the EVVSB

— A window to new physics

* W and Z decays are special final states:

— 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

* Experimentally the W — {v and Z — {{ channels are among the cleanest final

states that we can exploit at hadron colliders

*  We have now accurate theoretical tools at our
disposal:

— NLO MC generators (MC@NLO, POWHEG, ..)).
These generators should provide more accurate
predictions than LO MCs for these processes (at the
few percent level)

— Integration of matrix element MCs with parton
shower generators in a consistent way at NLO

— NNLO theoretical predictions for cross section and

do/dY [pb]
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kinematic studies are also available (FEWZ, DYNNLO, RESBOY)

— Inclusive and differential calculation of cross sections at NNLO precision
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Introduction (Il) _ 2 ="~

* W and Z production at LHC proceeds at
the hard scattering level and first order

via collisions of a valence quark (u,d) and
a sea anti-quark (Q=100 GeV):
u+d(s)=W" u+u—Z2Z
d+u(c)>W  d+d = Z
* Since parton fractions in this process are
typically 10 < x < 10!, sea-sea qq
contributions are also important

* Provide access to central parameters for o
global EWK fit (masses, couplings, :
asymmetries)

.| MRsTQEDO4
E proton pdfs

* Provide powerful constraints for non- G220 o'
perturbative part (PDFs, tunes) ) AU
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W & Z Production vs. Vs
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* From pQCD prediction we expect an increase of the cross section of 15 - 20 %
from 7 to 8 TeV

« 7TeV cross sections measured with 1% precision (with 36 pb')

* 8TeV results from dedicated low pile-up run early in 2012

* Measure the W/Z, W*/W- ratios and the 7/8 TeV ratio to test pQCD
* Good overall agreement with theory predictions at NNLO both at 7 and 8 TeV
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WV Cross Section

* Comparable experimental and theory uncertainty

e 2-3% systematic and 4.4% luminosity

* Comparison with FEWZ

CMS Preliminary

18.7 pb” at \s =8 TeV

NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
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Z Cross Section
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Ratio of W and Z Cross Sections

CMS Preliminary

18.7 pb™

at s = 8 TeV CMS Preliminary

Vs =8TeV

I I I | I I I | I I I | I I I I I I I I I I I I I I I E r I L | T T 1 | T T 1 T I I ]
NNLO, FEWZ+MSTW2008 predicti i _ 1 ]
| [with MSTW2008 68% CL urr:cr:zrtzin(;;] % 1.2F _[ L dt=18.7pb —
Wiz : Zvs.W N
11.04 + 0.04 g, 1.15F o
W-ev, Z—ee ? 1.1¢ % -
10.99 % 0.16,,, + 0.39, HeH g i .
— 1.05f :
15)5':’1 Oj)étzi 029, HeH 1:_ - Data(stat ® sys) FEWZ NNLO Prediction E
—e— Data(stat @ sys @ lumi) T MSTWE00ENLO E
W-lv, Z-ll (combined) Held 0.95L —*— NNPDF2.0 -
10.65+0.11,,, +0.23_ ; 68% CL unc. —e— cTEQIETI0) -
N R EU U ERE SN BRI R B 09, T
0 2 4 6 g 10 12 1 95 10 105 11 115 12 125 13
Ruiz = [BR (W) /[ xBR1(2) CMS-PAS-SMP-12-011(2012) o\ XBR(W—iv)[nb]
* Cancelation of systematic errors in ratio
— both experimental and theoretical
* W/Z ratio at 8 TeV: |.5 sigma difference with most PDFs
* 2% experimental systematic uncertainty
* Milder tension is present in the 7 TeV measurement
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Ratio of W' and W~ Cross Sections

CMS Preliminary 18.7 pb" at Vs =8 TeV CMS Preliminary Vs =8TeV
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* Expect 2:1 ratio from valence quarks in valance-sea annihilation,
diluted by sea-sea

* Ratios are not affected by luminosity uncertainty
* WT'/W~ potentially sensitive to PDF
* Agrees with theory predictions

* Tested at 2% level driven by experimental systematic uncertainty
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W Charge Asymmetry

A natural extension of the inclusive

measurement is the study of the i ow VS 9w
W*/W- ratio Ry, as a function of 7
different kinematic variables

* An experimentally clean way to do it

is to study the charge asymmetry as A(n) = do/dn(Wt — £Tv) —do/dn(W™ — £~ )
a function of the lepton do/dn(W* — £+v) + do /dn(W~ — £77)
pseudorapldlty Phys. Rev. Lett. 109 (2012) 111806
* This measurement is very sensitive
to PDFs as most uncertainties cancel

in the ratio

First n bin in electron channel
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W Charge Asymmetry

CMS 840 pb™ at Vs=7TeV

* Background contribution increases with n .

* The main uncertainties are from signal/
background shape variations and energy scale

o
N

* This measurement is very sensitive to PDFs
as most uncertainties cancel in the ratio

o
-
6

* Good agreement with NLO predictions
except MSTW
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W Charge Asymmetry
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ATLAS and CMS results complementary
to LHCb measurements
« ATLAS, CMS: Medium, small-x region,

NNPDF2.2: Added ATLAS and
CMSW lepton asymmetry data

* Their inclusion reduces uncertainty
and moves central values

light quarks/antiquarks  Total uncertainty reduction is
e LHCb: high rapidity data: small-x region significant
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e Mu

» PYTHIA (Z2star) is good at low p;# —®
* Madgraph is slightly better at high p#

Z/Y* Transverse Momentum

* W and Z bosons are produced with a non-zero p; because of quark/gluon radiation from
the initial-sate partons. Probe modeling of p; of Z boson in MC.

* Low-p; dominated by multiple soft gluon radiation (includes perturbative effects) /
intermediate p; is dominated by first higher order corrections / high-p+ dominated by hard
single gluon radiation (matrix element) CMS-PAS-SMP-12-025

« s=8TeV,L = 18.4/pb
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Drell-Yan Cross Section

Full 7 TeV dataset is used; both dimuon and dielectron channel

* Measure the differential cross section (1/05,)do/dM
— normalize differential cross sections to the cross section at the Z peak

— performed in muon and electron channel

* Measure the double differential cross section (1/05)d*0/dMdY

— measurement directly usable to constraint PDFs

— performed in muon channel Y| <2.4

* Drell-Yan samples are produced with POWHEG MC generator

— rescaled to NNLO cross section from FEWZ

* Cross section measurement per bin:
u
N 1 do

O, = = R; =
l’
74 ¢ -C L o, dM
5] L,J

i,j I

* Note: the acceptance correction is not applied for
the 2D measurement

Norbert Neumeister, Purdue University Brookhaven Forum 2013

Take advantage of the CMS
detector’s capabilities to
measure very low mass DY
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Drell-Yan Cross Section

CMS-PAS-SMP-13-003 CMS Preliminary
S 1 48 ee 451w at Vs =7 Tev 1+ do/dM is measured in 40 mass bins
Q E L 3 .
O 102 - | covering the range from |5 to 1500 GeV
— S *IZ — ee, - ; .
= 0o v M 4° Normalized to Z peak:
O ol i 60 <M< 120 GeV
o 10°F E
= F ER - '
S o do = Pre-FSR fu.II ac.:cep.tance norméllzated
% F —— 3 cross section in dimuon and dielectron
T 107 d]\[ E . . : .
& ook 3 ¢ The uncertainty in the dimuon channel is
T F 4 Data (eesu) in 2011 3 dominated by efficiency corrections
107 g~ = .
=[] NNLO, FEWZ4CT10 3 (1%),and FSR systematics (0.3%)
10°® i i . . .
EE NNLO, FEWZ+CT10 (with EWK correction unc.) EE e The Uncertalnt)’ in the dielectron
10—9 . .
- channel is dominated by the energy scale
8 corrections (0.7%)
g “1 » Very good agreement over several
© .
orders of magnitude
15 30 60 120 240 600 1500
> M(ee, un) [GeV]

The blue error band for the theory calculation includes the statistical error from the FEWZ calculation and
68% confidence limit (CL) PDF uncertainty combined in quadrature.The uncertainty of EWK correction
including yy initiated processes effect is added in the green error band.
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Double Differential Drell-Yan Cross Section
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Measurement within the detector acceptance, to reduce the model dependence

Performed in 24 rapidity bins between 0 and 2.4 (12 Y-bins for the highest mass
bin) and 6 mass ranges: (20-30), (30,45), (45,60), (60,120), (120, 200),
(200,1500) GeV

Low mass very sensitive to PDF uncertainties
Comparing to FEWZ + CT10 NLO and FEWZ + CT10 NNLO
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Double Differential Drell-Yan Cross Section
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0.2~ I FEWZ+CT10W NNLO - Il FEWZ+CT10W NNLO ] 0.0004 | Il FEWZ+CT10W NNLO ]
[ EEE FEWZ+JRO9 NNLO 0.002 g FEWZ+JRO9 NNLO \N 3 - I FEWZ+JR09 NNLO ]
o1k FEWZ+ABKM NNLO E FEWZ+ABKM NNLO A E - FEWZ+ABKM NNLO B
[ I FEWZ+HERA NNLO 0.001 [ W FEWZ+HERA NNLO = 0.0002~ I FEWZ+HERA NNLO n
>"Qi111111111111111111111111111111111111111111111 E 111111111111111111111111111111117 @7111111111111111111111111111111111 =
S 12 g 2 T4 s
s e £ I £ AR (o eI (I
o ; = - - ; £ . .
3 09‘ 80 . e e P R ol s B W i T g W it %{‘11 %# T g 00T T Mﬁ}xﬁﬁx - ﬁu\mm i g i1 o WH i i ‘“M Ll T m” ik H ‘, }
9 ° L S 09K [+ P AR
08 E -1 ‘ﬂ‘}l )il 0.8 58 Tk
07E Ll o7
0 02 04 06 08 1 12 14 16 18 2 22 24 02 04 06 08 1 12 14 16 18 2 22 24 °0 02 04 06 08 1 1.2 14 16 1.8 2 22 24
Dimuon Rapidity, Y (uu)! Dimuon Rapidity, 1Y @)l Dimuon Rapidity, Y ()

* Comparison with various NNLO PDF sets: CMS-PAS-SMP-13-003
ABKM, CTI10, CT10VW, HERA, JR09, MSTW2008, NNPDF
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Evidence for VBF Z Productlon

* EW production of Z + jets — with the two jets well separated
in rapidity — important benchmark in the searches for VBF
Higgs

* Very hard due to dominant DY production, uses advanced
multivariate techniques (BDT) to extract signal

.310:’ § T T T T T T T T T I I L 3 n %103 E_E |||||||||||| T DDY E n
I CMS preliminary uujj1 by - E g CMS prellmlnary uujj B Ewk 3 2
Z [ Ns=7TeV,L=5.11b = EWK Z [Ns=7TeV,L=511b" tibar 1S
10 = ttbar = 10" e~ i vz ERD
= - wz ERZ = -z El7
B - zz 1o 1a
10° = oy = Q 10° = ,O
= ] .; 3o
- EE=) 16
10° = o 10% = ©
10 = = 10 E
i3 E 1e E
Q 18 Q Bffe
® 14 3 14 7
® 12 T ’ —
8 8 of -
0.8 0.6 ]
0.6 0.4 ]
0.4 . : ; : . . o.g‘ : : : : . : - : g—
-0.4 -0.2 0 0.2 0.4 0.6 0 1 2 3 4 5 6 7 8
BDTD output m -]

O(up+ee) = 154 + 24 (stat.) + 46 (syst.) + 27 (th.) = 3 (lum.)fb|  (Theory: 166 fb)
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Differential Z/y* + Jets Cross Section

Z rapidity  cms-pas-smp-12-004  Jet rapidity Rapidity difference

> - T T T T T T T T g > T T T T T T T T T T T ] > —_ T T T T T T I

o014 = CMS Preliminary,Ns =7TeV,L_=5f" —| S ... CMS Preliminary,\s=7TeV,L_=5f" - <030[ CMS Preliminary,\Ns =7 TeV,L_ =5fb"'

.g e ——— int n .8 0.12 mmeue, int — .8 TELLILEY int |

o - Z-l+1jet o - Z>ll+1jet ] o P Z->ll+1jet ]

= 012 — —] = ] 025 = loeeeen. —

- -e- Data ] 0.10 — -e-Data T Lk : —o-Data —

0.10 — —Sherpa 7 = — Sherpa n - — Sherpa ]

- --- Madgraph | 0.08 [ --- Madgraph 020 i --- Madgraph —]

o8 MCFM T = - MCFM E = - - MCFM .

o . 0.06 |— — 0.15 |— —

0.06 [~ 76 <M, <106 GeV ‘ — [ 76<M,<106 GeV 7 T 76 <M, <106 GeV ferores ]

0.04 :_ Py >40 GeV _: 004 Fmpi>d0Cev T -‘—_ 0.10 }p:‘_>40 GeV {

- P, >20GeV, il <2.1 . . 002 - P} >20 GeV, 'l <2.1 ] T p!>20GeV, i <2.1 HA N

002 =\ o1, P > 30 GeV, Il < 2.4 B T Nt 0 >30 Gev, ™'l <24 . 0.05 [— N1, P > 30 GeV, k™l <2.4 —

0.00 |— AR(Ljet)>05 = 0.00 — AR(Ljet)>0.5 — - ARQjet>0.5 .

= e e T s e e o e

Z120 4 S 4 B LE T T T T

% = [IMCFM Scale uncertainty ] (i) - [IMCFM Scale uncertainty ] O E [IMCFM Scale uncertainty 3

1.15 - 115 — E 3

o C  MCFM PDF uncertainty = o E  MCFM PDF uncertainty = % 13 MCFM PDF uncertalnty SE

o110 +H gtof 4 o 12b NE

© = 7 © E = “r N -

o 3 E = © o A\ =

o 1.05 = ' = 0405 = \\\\\\}\\— o 11 \\\\\\\\\\ ]
1.00 | 1.00 e g @it Y

E - s \\i\\\ ‘\\\\\\ NN 1.0 b CREERRUY o B

0.95 - = 0.95 - = 0.9 - E

N i E =N i = N, ]

0.90 F & Sherpa stat. uncertainty ] 0.90 - & Sherpa stat. uncertainty : 0.8 £ N sherpa stat. uncertainty ", =

0.85 Madgraph stat. uncertainty E 0.85 - @Madgraph stat. uncertainty E 0.7 = =

= 3 F 3 E @Madgraph stat. uncertainty E

080 | o o 080 | oy 06 | | | | | | s

0 02 04 06 08 10 12 14 16 18 20 2. 0 02 04 06 08 10 12 1.4 16 18 20 22 24 E =

00 02 04 06 08 10 12 14 16 1.8 20|Y2|2 00 O 0 0.6 0.8 0 6 8 0 = 00 0.2 04 06 0.8 10 132 14 16 T8
z jet Y = IYZ-YjetI /12

* Important for VBF Higgs searches
* Data compared to MadGraph and Sherpa (ME+PS) generators and to MCFM:

e good agreement in the rapidity range!

 differences in rapidity difference are probably due to jet matching in ME+PS
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Z + Jets: Angular Correlations

e Data with Z + = 3 jets
* Leptons with p;>20 GeV, [n|<2.4
* Anti-kt (R=0.5) jets with p:>50 GeV, [n|<2.5

e A® between Z and |, between |, |, (i,I<3
i i’ Jl
arXiv:1301.1646
.—-\ , T 11 T IC||\|’|S,|V$|=7T ,L=5.0fb-1

s [z~ r, pZ>0 Gev, N .= 3 | | | ]
E, | e Data AB(Zi) -

= --- MADGRAPH xj)(()o,l1)
S {2 - SHERPA V2
lg C -~ POWHEG (Z+1]) ©S=Z TP et
'g - PYTHIAG (Z2) okl .
- s _ ]
bedunr 3, 3_-,._-:-_.5'_3--|-'.’.'+ : n
10fHFE ot 20(Zi) 3
C g I ¢ [ S——
[ s FRT TORT MR ] S FCLP e S
:-.;..q:qswu.-.--.w—‘i!-'rﬁ _-‘.?m’f’.'%*"*"’"!ﬁ"”ﬁ N a2
A |
F Z + 2 3-jets M)
- ., .-----"ﬂlnqﬂﬁ%‘*M*WIg
: A TS :
ettt g AT | | -

0 05 1 15 2 25 3
A¢(Z,j)[rad]
Ad(Z,) |

~—

1/0 do/d

A¢) [1/rad]

10°

10

Compatible results between ME+PS and
NLO(Z+1j)+PS generators

PYTHIA: only PS

Sherpa and MadGraph: ME + PS
POWHEG: NLO (Z+ljet) + PS

CMS, (s=7TeV, L = 5.0 fb"

II*IIIIII|IIII|III|IIII|IIII|I

CzZn - I+IL, pﬁ >0 GeV, Njetsz 3 i
- © Data Ad(i,)
=== MADGRAPH x100
- - SHERPA o
- -'- POWHEG (Z+1j) . __‘_"_rv*i- 2
- PYTHIAG (Z2) ;..—4:
L 3, i
. ——— qJ.'E-'*":*J"h :
et ¥ A9 i)
'.f:-+-'.'+' e 199797 113
;T; g e x10 —
- .
- i r#’d!‘!f‘;f’:
N sy ._?_J.«_h_-:g-';"ir“"” o
ey T e by BT ]
:-.T.".:.'}'T-#-"i"
3 Z+2 3-jets A0 3
- Y sl e T . "
£ o LALa L 20 by Spyrety Sy tyes T
i 11 1 | | 11 1 | | 111 1 | 11 1 1 | 11 1 1 | 11 1 1 | I_
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Ad(JiJ;)
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CMS Preliminary

5fb" at\s =7 TeV

W + c-Jet

* In W+c events the charge of the W (and the lepton) and the
charge of the c quark are of opposite sign
* Analysis uses charm hadron reconstruction to identify charm jets
* W—lv + a leading jet with charm content, identified through
reconstruction of D%, D D* decays
CMS-PAS-SMP-12-002

CMS Preliminary 5fb"at\s =7 TeV
—— —

Total Uncertainty

Statistical Uncertainty

CMS 2011
107.7 + 3.3 (stat)+ 6.9 (sys)

W — uv,pl > 25 GeV

Total Uncertainty CMS 2011 CMS preliminary Vs=7TeV

0.954 + 0.025 (stat) = 0.001 (sys) T T T ]

400/ D* — K'n#ne o ~@ Data 501" |
[ W+c resonant

Statistical Uncertainty

mMSTWO08 ™ maMSTWO08 —— :pT(M) >25 GeV 5 \évat:cl:(gs)r:rr]zsonantf
100735 e 0906 33025 por 300} — it .
T i ]
L) C;os s?m —o— L %1;148 - 0,004 9 i M [GeV]:1.868 = 0.001
¥ 6.4 pprp ) - PDF 2001 1
i o [MeV]: 15.85 + 0.90 ]
vNNPDF23 v vNNPDF23 P -
99.4+4.2,. 0.922+0.014 . 100}
aNNPDF23 Collider only data | ———— ANNPDF23_, .
129.9 £ 15.1 0.937 = 0.019 0
o T T T T T o — s s : & |
0.4 0.6 0.8 1 Secondary vertex mass [GeV
o(W +c) [pb] o( W)/ o( W+c) y [ ]

* O(W+c—jet) sensitive to strange content of the proton

* c—jet viable through charm mesons reconstruction

* PDF with collider data only predict a symmetric light sea, but with large uncertainty
* In agreement with data within o

Norbert Neumeister, Purdue University
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W + 2b-|ets

200F ™ L B BN

=
) () det_ ® Data ]
z O] [ W+bb =
Njers = 1 (exclusive) //, Njets = 2 (exclusiver)\gw /I 0 fgg =mzc E
N ~J - C I W+ij ]
p Xy N\ \ o N @ 160 = E
T\’ \ (\5\ GCJ 140:, \ = acb =
S s . -Z+]etsNV ]
I} 120:, \\\\\ % MC Uncertainty ,:
/ \ / 1%

q/g 80pe-

(with b-veto) 60

40

o(W—bb) 20

50 P‘Iﬁo J 20((-)?| vV
Data (CMS)  0.53 +0.05 stat + 0.1 sys [pb] o P (Gel]
> 220_—"|'"'l'ry"'l"'\FT'TeY"l'—_
MCFM 8 apof/ramse’ W
+ o - Bl W+cc _E
(MSTWOSNNLO) 0.52 +£0.03 [pb] S 180 Bw |
@ 160 = =
CMS-PAS-SMP-12-026 E 0 =
G>.> Bl Z+jets/VV ]
i 120 77, MC Uncertaintyz
* Exclusive W+bb cross section measured 100 —;
« Complementary phase space wrt W+b 23 E
* Major background to H—bb analysis 40 E
* Measurement is in agreement with the MCFM prediction 20
within uncertainties %50 100 150 200 250

M(J +J,) [GeV]
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Z+bjets

CMS-PAS-SMP-13-004

E 140 | CMS Preliminary | ] E 1 80:_' o "' cus prefiminary | ]
o T Vs=7Tev,L=50f" 1 o | \s=7TeV,L=5.0fb" -
S 1201 — B 160~ 3
* 201 | dataset (~5 fb') R i S a0k e E
, (@ 100F 2 1a Dz ]
* b-tagged Jets with T - ERCa . E
p>25 GeV, n|<2.4in Z events | wvamgenn 1 F . Dimmeemesm
60 - -
* Most important kinematical Z+1b 224 y % N
observables compared to v7 40 :
ME+PS generator (MadGraph) D, 20
0% 100 150 — 250 % 50 100 150 200 250 800
piead (GeV) PP (GeV)
% 1'%%* i. Fob nj % 1-%; . RN IF:!——C!
50 100 150 20(?)_Iead 250 00 50 100 150 200 250 300
* Z + bb cross section 10% higher (GeV) Py (GeV)
than tree-level prediction by Madgraph 5F rescaled by k = 1.23
* Some tensions in the description of the event dynamics
Multiplicity bin Uu ee
o(Z(££)+1b) (pb) 3.52+0.034+0.22 | 3.51 +0.04 £0.23
o(Z(££)+2b) (pb) 0.38 £0.02 £ 0.07 | 0.32 £0.02 £ 0.06
o(Z(£4)+b) (pb) 391 +£0.044+0.23 | 3.84 £ 0.04 - 0.24
o(Z(L4)+b) /o (Z(£4)+j) (%) | 523 £0.04 +£0.24 | 5.08 £0.05+0.24
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Diboson Production

* Fundamental test of Standard Model
— Test of gauge structure of the Standard Model

* Probe for new physics

— Indirect search for tree or loop effect of massive new particles

— Anomalous Triple Gauge Couplings (TGC) and Quartic Gauge Coupling (QGC)

— Resonances

Irreducible background for Higgs searches

— Precise knowledge of cross sections and kinematical distributions are important

* LO diagrams for WW, WZ and ZZ production are:

q Wiz

Wizl

g/ W/Z
s-channel

Norbert Neumeister, Purdue University

q

q

- Wiz > WilZ
Y Y

¢ Wiz 7 - Wi/Z

t-channel u-channel

Brookhaven Forum 2013

25



Wy, Zy Producti

CMS Preliminary, L = 5 fb" \s =7 TeV CMS Preliminary, L =5 fb™

\s =7 TeV

H I MCFM (Inclusive) I MCFM (Inclusive)
102 —e— W(ev)y (Inclusive) 7 —e— Z(ee)y (Inclusive) .
N —a— W(uv)y (Inclusive) = 10; = Z(u (inclusive) Inclusive ny
o —+— Combined (Inclusive) | & —— Combined (Inclusive) .
~ 10 = Cross sections
s f W — l = 3 /y— 11
K Y— vy T = above theory
g ! s 8101, S (MCFM NLO)
° i LI © I
107 ,
1°¢ Fair agreement
: z for Zy
o - 15— % T S E 8= I
I i CMS-PAS-EWK-1 1-009
S S S >15 > 60 >90
15 60 éo(Gev) & cew)

Analyses of lvy, lly, and vvy final states

* v with high E; (>15 GeV)
* Large AR(¢, v) (suppress FSR)
* lIsolated lepton with high py

Missing E; if vvy
Good agreement with theory (MCFM

NLO, BAUR)

* 0(Zy—vvy) = 21.3 £ 4.2 (stat.) £ 4.3 (syst.) £ 0.5 (lumi.) fb

« BAUR:21.9 +|.]1 fb

Norbert Neumeister, Purdue University
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CMS Preliminary, L=5fb" \s=7 TeV

E} >15GeV,AR > 0.7

2011: W(ev)y ——
36.6 + 1.2 (stat.) + 4.3 (syst.) £ 0.8 (lumi.) pb

2011: W(uv)yy
37.5+ 0.9 (stat.) + 4.4 (syst.) + 0.8 (lumi.) pb

)

BLUE Combination
37.0+ 0.8 (stat.) + 4.0 (syst.) + 0.8 (lumi.) pb

———

Theory Prediction ——
31.81+ 1.80 pb
1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1
10 20 30 40
Cross Section (pb)
CMS Preliminary, L=5fb" \s=7 TeV

Er>15GeV,AR > 0.7, M, > 50 GeV

2011: Z(ee)y
5.20 + 0.13 (stat.) + 0.30 (syst.) + 0.11 (lumi.) pb

———

2011: Z(up)y
5.43+0.10 (stat.) + 0.29 (syst.) + 0.12 (lumi.) pb

——

BLUE Combination
5.33+ 0.08 (stat.) + 0.25 (syst.) + 0.12 (lumi.) pb

——

Theory Prediction
5.45+0.27 pb

2 4 6
Cross Section (pb)
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WV Production
Phys. Lett. B 721 (2013) 190-211

* Signal: two isolated opposite-sign leptons (e and ) and missing ETCMS CP\":-E/;ST-;P/"FELZ?:%Obe_1
* Main Backgrounds: Lk ';QA’}A 35t

* Z — Ul + fake missing E; — Z-veto in ee and Yl channels ww _

* WHjets (jet faking a lepton) oW -

* tW and tt use only the 0-jet events o viets (

* apply jet veto to reduce top background bl 7 sat @ sys ﬁ

B Z+jets

Events / 5 GeV
o
o
[

* O(WW 7TeV) = 52.4 + 2.0 (stat) + 4.5 (sys) £ 1.2 (lum) pbsof | +%%+ |

« MCFM NLO :47.0 + 2.0 pb ?‘ Sr by,
* 0(WW 8TeV) = 69.9 + 2.8 (stat) £ 5.6 (sys) = 3.1 (lum) pb 0 s 10 10 " \2/;’0

* MCFM NLO :57.3 +24 - 1.6 pb ovs I\lszéTeY,le’gl_sfb.j

* Measured cross sections are slightly larger than SM %200'_ :va

predictions (1-1.50 level) 8 150]- B

* Are the NLO calculations sufficiently precise? f %% Camons

* Measurement precision are systematics limited o o

* Higgs contribution of the order of 5% (not considered in 50 z‘ 'f‘f% .

this plot) o_' e fff‘-‘%@%, ]

0 50 100 150
Py [GeV]
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Events /| GeV

WW+W/Z Production

e Cross sections at 7

CMS

S WWWZ
- Il W+jets
- I top
1500 == QCD
" Z+jets
* data

1000}

[Ldt=5.0fb™ (s=7TeV
LEERTOSD L IST

(a)

50

150
m; (GeV)

1 ] L
100

Events / GeV

100

WW + WZ production in semileptonic decays
Signal: leptons (e and ) and missing E; and two jets consistent with aWV or Z

Reconstruct W candidate in one lepton + missing E;
Fit the di-jet invariant mass distribution
Apply jet veto to reduce top backgrounds

Cross section in agreement with theory
* 0(WV 7TeV) = 68.89 + 8.71 (stat) = 9.70 (syst) = 1.52 (lumi) pb
* MCFM NLO :65.6 + 2.2 pb

Norbert Neumeister, Purdue University

CMIS . . /let=|5.qu'1l, /s = 7TeV

B (b) . \é\;\t/g/wz )
EAUncertainty |

Iy %; %%z%% _

| 2AF %///

;z%%%% e

1 I T I

50 100 150

m; (GeV)

Brookhaven Forum 2013
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arXiv:1210.7544

CMIS /L dt - 5.0fb", s =7 TeV
(c)—
I
T T

50 100 T80
m; (GeV)
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Z/Z Production ‘refeeim o ene

CMS \s=8TeV,L= 53fb1
* Signal: either 4-leptons (making two Z) or 2 f o

> L I A I AL
leptons (Z) + missing E; (¢vv) o mz
* One Z allowed to decay to taus: Z—1t 2 201 e
* Very small background from WZ and Z + jets g
* Main backgrounds (significant only in M’C:C and {vv) . ! 77 4]
— Z+jets (jet faking a Iepton)_mo CMS  \s=8TeV.L=53%  10p i
— Other dibosons 8 [ momom °) - , * * ,
? i u 2e . . i i 1
E 1001 - sope . . Y m | i . HL . ‘L
: 'f' : 200 400 600 800
., 1 m,,,, [GeV]
- o 1 CMS \s=8TeV,L=5.31b"
80| -t . L B B L B B B
u n 6L +2§TA |
L B WZ/Z + jets
60 ! ! ! | L ! ! | ! ! !
. . 60 . 80 100 120 Al
Cross sections in agreement with theory m._,cevy | 772121
*0(ZLZ7TeV)=6.2 +0.8 (stat) £ 0.4 (sys.) £ 0.1 (lum) pb |

« MCFM NLO : 6.3 + 0.4 pb

*0(ZZ8TeV) =84+ 1.0 (stat) + 0.7 (sys) £ 0.4 (lum) pb | .
* MCFM NLO :7.7 £ 0.4 pb 0 200 300 400 500 600

mys_ [GeV]
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Summary of Cross Sections

Nov 2012 C MS
Q E ] :
o — I W $ 7 TeV CMS measurement (stat®syst)
5[ : 8 TeV CMS measurement (stat®syst)
= 100 —o— : Z ' E .-
DB = ; —— 7 TeV Theory prediction : :
~ =] : © ! —— 8 TeV Theory prediction WW+WZ WW .
= 4 =i | : :
= S =2 - ! ; : 00— WZ
3 N =9 | | | | | . : : :
3 . | : | : : : : : :
% 10°E =3 | CWy - 5 : : : ; ; ZZ
3 F =~ s o ozl 5 o
B =4j: | — : : : : : :
(3 102 B = JE —? ! : WWWZ: WW - 5 . : : - .
= ; >4 : —0— | & : : : O
S = : J: : | : - WZ _ : : .
= - - f | L —o— ZZ | A
° | EX'> 30 GeV | El>15GeV | : : : | |
s 10E - ! | : : o83
o = In®1<24 ' AR(y,)>0.7 | : : ; | 3
@) B ! ! : ]
p - — —]
o 1= . : L —
E » : w1150 fo! 4.9 fb” 1 49 o' 3
= 36, 19 pb : 5.0fb 3.5 o 1.1fb 5.3 fb'1: 3
JHEP10(2011)132 CMS EWK-11-009 CMS-PAS-EWK-11-010 (WZ)
JHEPO01(2012)010 CMS-PAS-SMP-12-005 (WW?7),
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007(ZZ7), 013(WW8), 014(ZZ8), 015(WV)

Theory includes:
* NLO for single boson production

.« g8’ — ZY,WW or ZZ (few%)
CMS have measured the production cross sections of Wy, Zy, WW,
WZ and ZZ at Vs = 7 and 8 TeV

Norbert Neumeister, Purdue University Brookhaven Forum 2013 30



Trlple Gauge Coupllngs

Feb 2013

T T

ATLAS Limits

T T

T

Feb 2013

1 T
ATLAS Limits

T

e
CMS Limats i
WWY COUP“”QS GOt 3
X 1 Wy -0.410 - 0.460 4.6 fb"
Ky -1
» i Wy -0.380-0.290 5.0 fb
WWwW -0.210-0.220 491"
wv -0.110-0.140 50 fb"*
‘ DO Combination  -0.158 - 0.255 8.6 fb™
Pe LEP Combination -0.099 - 0.066 0.7 fb''
M — Wy -0.065-0.061 46 b
Wy -0.050 - 0.037 5.0 fb"
ww -0.048 - 0.048 4.9 b
wv -0.038 - 0.030 5.0 fb"
DO Combination  -0.036 - 0.044 8.6 fb"’
: ol i LEP Combmahon -0.059 - 0. 017 o 7 b’
-0.5 0 0 5 1 1 5

aTGC Limits @95% C.L.

TGCs consistent with the SM

—_—
MS Limits |
WWZ coupllngs Bosimi =
e -0.043-0.043 46"
z — wv -0.043-0.033 5.0 b
o LEP Combination -0.074 - 0.051 0.7 fb™
A e WW -0.062-0.059 4.6 fb"
Z i Ww -0.048 - 0.048 4.9fb"
— wz -0.046 - 0.047 4.6 fb"'
P WV -0.038 - 0.030 5.0 fb'
DO Combination  -0.036 - 0.044 8.6 fb’
RS LEP Combination -0.059 - 0.017 0.7 fb™'
Agz b wWwW -0.039-0.052 46"
; ‘ wWw -0.095 - 0.095 4.9 b
— W2z -0.057 - 0.093 46 b’
o DO Combination  -0.034 - 0.084 8.6 b
: "1‘ ILEP Combinatilon -0.054 0 021 o 7’
-0.5 0 0.5 1 1 5
aTGC Limits @95% C.L.
Feb 2013
: kA " ATASUmits'
CMS Limit {
ZZZ and ZZy coupllngs =
f.' —_ 2z -0.015-0.015 46’
4 2z -0.013-0.015 5.0 b
2 b : 77 -0.013-0.013 46"
4 727 -0.011-0.012 50"
f" b \ 77 -0.016-0.015 46 b’
5 2z -0.014-0.014 50"
fZ (E— 2z -0.013-0.013 46 b
5 7z -0.012-0.012 5.0 o™
| L L P L .
-0.5 0 0.5 1 15 x10°

aTGC Limits @95% C.L.
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* Four of the WWZ and WWY couplings are

constrained to O(0.05)

e (Caveat: LEP scenario is used

. AKY remains less precise

o ZZZ7 and ZZy couplings are constrained by the

LHC results to O(0.01)

8 TeV data not included yet
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Summary

* Impressive amount of EWK results from the CMS
experiment

— Precise test of the Standard Model at TeV scale
— Agreement with theory across orders of magnitude

— Starting to set serious constraints on electroweak parameters
and PDFs

— Measurements are challenging NLO and NNLO predictions
— TGCs show no deviation from the SM

* Still most of the LHC data at 8 TeV to be analyzed

— More results with improved precision expected soon, stay
tuned!

Norbert Neumeister, Purdue University Brookhaven Forum 2013

32



