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Outline

| will cover In this talk most recent results on:

> W and Z inclusive production - 8 TeV
> Drell-Yan differential cross-section and forward-backward asymmetry
> W differential lepton charge asymmetry
> Diboson production (WW, WZ, Wy and Zy) - 8 TeV
> Limits on aTGC
| will not cover

>  Z/W + jets — talk by Tom Cornelis tomorrow

with two notable exceptions
> W+c

> dijet mass resonances in W+2 jets



W/Z production at the LHC
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To first order at LHC, W and Z are
generated by a valence quark and a sea
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W and Z are also the dominant signal
and/or background in many searches
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W and Z x-sec @ 8 TeV

Requested special low luminosity run @
8TeV:

» Luminosity leveling at 3-6*1032 cm™ s/,

>

integrated 18.7+£0.9 pb-|

Low pile-up (~5 events) for good MET
resolution

Special HLT menu with low thresholds:
o 22 GeV fore/l5GeV for U

Same analysis strategy as in 2010

Fit MET distribution separately for W7
and W-

Z signal nearly background free:
simple cut and count is used to
extract the x-sec

Efficiencies, resolutions, signal and
background shapes are extracted
from data

CMS-PAS-SMP-12-011
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W and Z x-sec at 8 TeV

CMS Preliminary 18.7 pb™ at \s = 8 TeV
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[with MSTW2008 68% CL uncertainty]
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CMS Preliminary 18.7pb" at s =8 TeV
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Results corrected to full acceptance (60 < M <120 GeV for Z events)

Good agreement with NNLO predictions
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CMS Preliminary

Cross-sections ratio

18.7 pb™" at Vs =8 TeV

I I I | I I | | | I | | I I I | | I | | I I I | I I I
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
W/Z .04 0,04
W—ev, Z—ee
10.99+ 0.16,,,, + 0.39_ et
Wopv, Z-up Hel
10.44£0.14,,,+0.29
Wolv, Z-ll (combined) Held
1065+ 011, £0.23_
L L L | L L 1 | 1 L 1 | L L L | 1 L 1 | L L | L L L
0 2 4 6 8 10 12 14

GOXBR(Z—I)[nb]

CMS Preliminary

Ry = [6XBR J(W) / [ 6xBR 1(2)

Js =8 TeV

(S L L B B
1_2; L dt=18.7 pb™
s Zvs W
l.l;—

1.05;

1 - Data(stat @ sys)

—e— Data(stat @ sys @ lumi)

v/

FEWZ NNLO Prediction
—— MSTW 2008 NLO

—#— NNPDF2.0

0.95¢
_ 68% CL unc. CTEQ(CT10)
0'9__I P S S S A TR TR S SR N S SR ST SR A S T T T I S ST S S S T SR R T SN TR T S T
9.5 10 105 11 115 12 125 13
o\ xBR(W-lv)[nb]

CMS Preliminary

18.7 pb™" at Vs =8 TeV

| I I | I I | I I I I | I I
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
*IW-
W 1.41+0.01
W ey, W—ev L
1.44+0.01,,+0.05
+ - -
W su*v, Wou'v ™
1.38+£0.01,+£0.03
W'Sl'v, W-lv (combined) il
1.394£0.01,+0.02
1 L | L L | L 1 | L
0.0 0.5 1.0 1.5
R,. = [oxBR (W) /[ 6xBR (W)
CMS Preliminary Vs =8 TeV
E -_I | T T T | T T T | T T T T T T T T T | T T T | T T T |_
= .91 L dt=18.7 pb™ i
% 7|
+ + - n
s 1 Wrvs W .
@ _
(a] 4
3 i
¥ 6.5F -
[ - Data(stat @ sys) FEWZ NNLO Prediction |
—&— MSTW 2008 NLO 1
6 —e«— Data(stat @ sys ® lumi) —
—&— NNPDF2.0 -
68% CL unc. CTEQ(CT10) i
55 PN PO O S S S ANPURR SRR b
4 42 44 46 4.8 5 52 54
OXBR(W —lv)[nb]

Exp. and theory uncertainties cancel in the ratios
Generally good agreement
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more u-dbar
than d-ubar in
pp collisions,
therefore charge
asymmetry is
expected
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W and Z x-sec Vs Vs
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Drell-Yan do/dM; @ 7 TeV

Source of large background for searches with isolated dileptons

Distribution is unfolded for resolution and corrected for acceptance and QED
final-state radiation

Predictions are normalized to Z peak cross section (60 < MIl < 120 GeV)
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A measurement in bins of My provide even better constraints on PDFs
Dimuon in a restricted acceptance: My, > 20 GeV and lyl < 2.4

Yields normalized to the Z peak region

Distribution corrected for final state QED radiation
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Significant differences between data, POWHEG NLO and FEWZ NNLO
calculations at low masses are observed
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do/dn(Wt-1tv)—do/dn(W™>17v)

W charge asymmetry @ 7 TeV

840 pb' at \s=7 TeV
——
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Flatter in data than expected

CMS-PAS-EWK-11-005

Electron Pseudorapidity |

PRL 109 (2012) 111806

Provides significant constraints on PDF fits
Results agrees with NLO, except for MSTW2008

Larger background for high n




W4+C

CMS preliminary
T T ]

Provides information on strange quark pdf’s § 90; I3I6 lptl)'; Iatl \@ =7 TeV * E
» 80[ g
Select W(— uv) + = 1 jet, search for a secondary vertex § ok é\?vifcharm
and fit lifetime discriminant using template functions qg 60L  []W*ight
e ~f [Jtor
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R, 0.125700% 0.11815505 0.103 4 0.005 <+

Good agreement but large dependence of MCFM predictions on Rc from pdf
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Diboson production at LHC

Coupling

Parameters

Channel

WWy

AY, Aky

WW, Wy

WWZ

NZ, Akz, Ag\?

WWWwWZ

YA

h3Z, h4?

Zy

Zyy

h3Y, hsY

Zy

77

f47, fs2

Z7Z

YA

f4Y, fsY

/4

Triple gauge couplings:

> Charged triple gauge couplings (WWZ, WWy) allowed

> Neutral triple gauge couplings (ZZZ, ZZy) forbidden in Standard Model
Anomalous couplings lead to enhanced cross section, larger boson pT
Diboson production:

> provides a direct measurement of (anomalous) triple gauge couplings

> is an important background to Higgs and BSM searches



WW— VIV (8 TeV)

¢ Signal selection: dileptons + MET CMS-PAS-SMP-12:013

¢ Backgrounds S | e Mz CuSproiminay -
»  Z—ll: Z veto + high MET ST e B s otz
»  Whets: tight lepton id £ ool Zsaows g Ta\l
» tW and ttbar: jet veto R + |
—¥— CMS (7 TeV, 4.92 fb:) &\\ MCFM (7 TeV) n i ii _
i ™ ;:3 Tsﬂ:b')1) “.\ MCFM (8 TeV) _ ‘___E _
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Results slightly above theoretical prediction
Difference between 8 TeV result and theory value is (22 + 13)% of theory value
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WW/WZ-ijj (7 TeV)

Larger branching ratio, but larger background

Cross-section extracted from a unbinned maximume-likelihood fit to m;;

W+jets background is fitted using a combination of simulated samples with
different renormalization/factorization and matching scales

CMS, /Ldt=5.0fb", {s=7TeV
T T T T | T T T T

CMS, /Ldt=5.0fb", (s=7TeV

> W ' = WWWZ
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~1500-mm QCD . *
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000} "+ 50 % % i

- 1]l 2 {
500 . % | ///%/%é

| I
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50 100 150 50 100 150

m; (GeV) m; (GeV)

o(WW+W2Z) = 68.89 + 8.71 (stat) £ 9.70 (syst) = 1.52 (lumi) pb
compatible with NLO predictions: 65.6 +2.2 pb
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aT GC limit with WW—>IV”

¢ Extracted from WW pr R
s D0 (4.2fb ', 1.96 TeV, A=2TeV)
CMS /L dt=5.0fb" (s=7TeV _ wsrssrss CMSWW (36 pb ', 7 TeV, A=)
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Best limit from LHC using full 2011 data
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Dijet mass resonances in W+2 jets

The dijet mass in WW/WZ —lvjj has been searched for new resonances

Assuming H-like efficiency, as in WH searches, limit has been set for a
generic Gaussian signal hypothesis with M;=150 GeV and width=15 GeV

arXiv:1208.3477
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ZZ—>212I (8 TeV)

ZZ—212I" (e or 1) is almost background free

ZZ— 2121 increase signal acceptance by 10% but higher background
> 20 < Mis <90 GeV for TeTy
> 30 < Myis <90 GeV otherwise

Background from control samples (same sign dileptons or inverted cuts)
Results from a simultaneous likelihood fit the yields in all channels
Good agreement with SM both at 7 TeV and 8 TeV
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Il
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D. Evans HCP2012



al GC limits with ZZ—212/

Limits sets on ZZZ and ZyZ couplings using 4l invariant mass
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W(IV)y/Z(I)y (7 TeV)

Main selection cuts:
> lepton pT > 20 GeV, 35 GeV for W—ev
> mtW> 70 GeV to remove QCD bkg and surpass electron trigger turn-on

Background due to mis-id photon from a template fit to a shower shape variable

. . _ -1 _
> 1ot SIS Preliminary, L=5fb"  \s=7 .Te_;’ _ 10t CMS Preliminary, L=5 " \s=7Tev
O o Data - Q § Data §
0 W)y ] O s 5&3‘213 ]
L) 10 5 x?:;;s E 2 10° [ Other 3
'E I ti+jets/tly ] » ]
o (] Di-bosons+jets i b i
> [T QCD and y +jets ac, )
S 107 - 2 10 ;
(@] C ] qd_, _
- B T (o) |
o i ] _
2 oL . g 10F _,
E - ] Q N N
3 - - = B \
2 _ 1 és 1L
1 \
20 3040 107 2410° 20 30 40 5060 _ 102
Y
E; (GeV) E. (GeV)
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W(Iv)y/Z(ll)y: comparison to MCFM

CMS Preliminary, L=5fb"’ \s=7TeV CMS Preliminary, L=5fb" \s=7TeV
i I MCFM (Inclusive) 5 I MCFM (inclusive)
102 = —e— W(ev)y (Inclusive) i —e— Z(ee)y (Inclusive)
- - —m— W(uv)y (Inclusive) 10 —m— Z(uw)y (Inclusive)
[ N S W— Fe ® a
fe) [ 4+ Combined (Inclusive) a - 4+ Combined (Inclusive)
Q o [
~ 10 ~
—_ C — L
s f = T
- ¢
Q. e o e ® i
o 10"
—r’
@ B i = * o H
107
= W(lv)y 102 Z(ll)y
slE i o= | 1
a2 go -—-J—'—‘#
>15 > 60 > 90 >15 > 60 > 90
Er (GeV) Er (GeV)

Comparison to MCFM shows no significative deviation from SM

Limits on aTGCs have been also set
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Y VY

First measurement of Zy—vvy at Vs = 7 TeV
> Difficult because of large instrumental and non-collision backgrounds
> PhotonInl < 1.4, ET > 145 GeV, MET > 130 GeV and no other significant activity
> Most backgrounds and efficiencies are estimated with data-driven methods

Result: 0=21.3 £4.2 (stat.) 4.3 (syst.) £ 0.5 (lumi.) fb

BAUR prediction (NLO+NLL): 0=21.9x1.11b

% | 1 .I 1 IDAITAI 1 1 1 1 1 1 1 1 ‘_E. % ICIMé | T T T T T T T T | T .l T |DA|TA ||||||||| ;
Q) 10 ; V777272 Total uncertainty on Bkg | Q) 10 » 77777/} Total uncertainty on Bkg |
* a Ldt=5.0fb ,\Ns =7 TeV Zy— vvy (NLO) 5 5 a Ldt=5.0fb",\'s =7 TeV Zy— vvy (NLO) -
c :\,nv_]gv QCD |5 e 1
g 1 B I isID-y ( ) g) 18 I VisiD-y (QCD) 3
LU -"" et v+ets, Wy L & v+jets, Wy .
N Beam Halo 1 ’ =
10" aTGC h), = 0.0025 1 107 E Beam Halo =
10° = 102 I =
10° 10°F AL

10 10* & §

I T T N T T T T [ T ] Y M s E| T T T T B A
200 300 400 500 6OOY 700 200 300 400 500 600 700

by [GeV] Er [GeV]
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aTGC combined limit

-3 | wesssss CDF (5.1 b, 1.96 TeV, A=1.5)
N <+0.05 i—<+1(.) T L B S DO (7.2fb", 1.96 TeV, A=1.5)
= C CMS 95% CLs Limit on h% and h% J hZ e
0.04:— —— Observed —: 4 — m—— CMS Ily+vvy (5.0 fb', 7 TeV, A=)
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- ] — ©
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C 7 / .
0.01F s U B =
- . 0 0.05 0.1
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Z—41 (7 TeV)

Four leptons in a phase space similar to Higgs

search Z ...FSR
Can be used for direct calibration of Higgs mass !
and resolution a z

Signal definition: ISR :
> 80 <ma < 100 GeV

> mll >4 GeV for all possible pairs

0 X BR(Z — 40) = 12572 (stat) ") (syst) */ (lumi) fb, 4

Background from Zy*—4l and Z+X 125“"8 Preliminary @=7T6Dv,ﬂ:j.;fb
: W z+x
Theory BR: 4.45x | 006 o
(CalcHEP) 8- .
Cross Section: 120 £ 4.92 fb ! r.
ol

BR(Z — 40) = 4.47 ;9 (stat) & 0.2(syst) x 107°.

60 80 100 120 140 160
M, (GeV)
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Conclusions

CMS has provided many electroweak measurements that test the SM @ 7TeV & 8TeV

» Typical precision comparable to or better than size of NLO corrections
» Most results limited by systematics

So far, electroweak measurements are in agreement with SM predictions over several
order of magnitude in production cross-sections

Significant constraints set on pdf and new physics
» using differential distribution increase sensitivity

» limits on aTGC most sensitive in most channels

More results on 8 TeV to come...
Stay tuned!

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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CMS EWK results outlook

Nov 2012 CMS

§ 7 TeV CMS measurement (statbsyst)

[pb]

§ 8 TeV CMS measurement (statbsyst)

—— 7 T@V Theory prediction
— 8 TeV Theory prediction

Wy |
2= >3 1o : ZY

F—O— WW4WZ

IV
LY,

wwo
oz

T

E!>15GeV
AR(Y,)) > 0.7

ES > 30 GeV
| <24

b
o

Production Cross Section, o,

A

50fb' 49fb' . 491fb";
35’ 1P 5310

v
2.

36, 19 pb’ 5.0 fo

- e e e es s s s s s s-----

JHEP10{2011)132 OMS EWK-11-009 CMS-PAS-EWK-11-010 (W2)
HEP01{2012)010 CMS-PAS-SMP-12-005 (WW?7)

CMS-PAS-SMP-12-011 (W/Z & TaV) 007(ZZ7), 013(WWB), 014{ZZB), 015(WV)

Many thanks to the conference organizers
for the nice place and warm atmosfere!
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Backup slides



number of events / 1 GeV

CMS

Muons and electrons [ so 50" st s =TTV
> -
8 N data ]
Muon resolution dominated by inner 2" F 2wt
tracking for p;<200 GeV. Typical p, e L tt y
resolution for EWK studies: 1-2% G 10 ] :
Muon chambers: redundant trigger and é |
coverage, muon identification 2 i
Good identification capabilities: muons . §
can be reconstructed both in inner h .
tracker and muon spectrometer X of
-5

CMS

36pb" at \s=7TeV

— = Excellent energy resolution thanks to the
] precise PbWO, crystal calorimeter. Typical E

resolution for EWK studies: 1%

4 1 = Good charge assignment and track matching
% i thanks to fitting techniques that take into

X i
I '|||n!u ! |||

gl 1 account bremsstrahlung emission

= Jdentification based on shower shape
variables, tracking matching and Had./El.
ratio (good agreement with the simulations)

10*

-
o
w

T

N
o
)

IIIII| I IIIIIII| I IIIIIII| T TTTTT

M(e'e) [GeV] 28



MET w/ Particle-flow

Elll 25IIII|IIII|IIII|IIII| IIIIIIIIIIIIIIII ]

. > °F =
. - H HCAL é -+ type2 calof, (Data) 1Z
: : Clusters ~ [~ type2 calof, (MC) 19

1 : [AY — —]
neutral | HH e 20— 1 tck, (Data) 1 o
hadron : & . E . — tck; (MC) —a——A— 1o
; : 5? g - —+ pfE; (Data) 10
L O ;—% 15 — pfE; (MC) S
i o B ] 9

; photon ECAL °
; Clusjérs 10—

.;_; b ;; :. .
ch a d , Ei : ::.-.::.-_:“ i 5
charged & Qamcle-ﬂow |

0 50 100 150 200 250 300 350 400
Calibrated pf=E; (GeV)

In CMS, charged particles get well separated due to the huge tracker volume and
the high magnetic field (3.8 T)

CMS has an excellent tracking resolution, able to go to down to very low momenta
(~few hundred MeVs)

CMS has also an excellent electromagnetic calorimeter with good granularity
In multijet events, only 10% of the energy corresponds to neutral (stable) hadrons

Big improvement in resolution on jet energy and missing
transverse energy using Particle-flow
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Z pT and differential x-sec

Probes hard gluon pdf at high pt while it is dominated by UE
tunes at low pr

'—0.08 LA L ) I B B B B B T T T T ] Lo | 10-1:|||||I T T IIIIII| T T IIIIII| T T T H
Vi = ] i F A ;
> - —360b"at \s = . < et M
8 0.07jf|_dt 36 pb” at Vs =7 TeV CMS E % _ . CMS
— = e data (e + u combined) . ) a A _ N
o006 FF o E G 102} Lat=36pb"atNs=7Tev .
%S, - - +PYTHIA Z2 . ~ 2 e
_8 0.05 ; B _['i ----- PYTHIA Z2 é O‘I_ i X
o) - e PYTHIA ProQ20 . e ml<2.1, p_>20 GeV N
- I ] < 3L T _
— 0.04 —§31 —— PYTHIAPerugia2011 ] 5 107 . E
N . . S » data (e + u combined) " 3
0.03F — — E POWHEG + CT10 He—
— -4
10 .
0.02 L A A = 4
N —— ]
0.01 =0.05F =
105k € | z e
0 E S o004af —$ 3 E
2 4 ] ]
g 5— 0.03?—_{'_' — - i
o i i ]
< l -6 | [ = ] —
E 1 O - 0.02 . ] E
8 O ) 0'01(; 5 10 15 20 25 (;0
< - | s q, [GeV]
! : : '7 I | | | | L1 1 111 | | L1 1 111 |
o - 10 2
5 °r | | | s 1 10 10
©
= 0 5 10 15 20 25 30 GeV
q, [GeV] q. [GeV]

PRD 85 (2012) 032002

POWHEG+PYTHIA6 shows some discrepancies in the lower region
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Boosted-W polarization results

electrons muons

Pr(W) > 50 GEV  oprrrrrrry @0
400 - (- CMS,\Vs=7TeV -t R CMS, \/s = 7 TeV
350 g— "':: Lim = 36 pb'1 —g 00 —:Iot result 05::: L ing = 36 pbq g
. - EQCD . - .
P-(W) undetermined - 20 ewk 400 |- :
e 250 - —fit result g B
2 200 E * data P 300 |
=> can not measure =z s m ol
polarization directly 100 | :
. . 100 -
from lepton direction : :
. o ——
in W rest frame °
. 450 F———T T T T T T L0 B L L L B B
Use. Ins_tead Lepton 400 _ :L CMS, \s =7 TeV _ 500 _ :: ::NK cms,\/§=_71Tev E
PrOJeCtIOn: 350 ;— ""f: L iy = 36 pb 3 _§ E —fit result ® data Lin = 36 pb
~ 300 .g\?VDK _?__{; 400 |
— - S .o b :fit result = E -
SO UV S L
[Pr(W)|? “ 150 | | & 20f
too P T : 100 = E
where only transverse i e I DU
0 . 0 0.2 0.4 0.6 0.8 1 1.2

variable are involved
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Boosted-W polarization results

CMS,\s=7TeV,L_. =36 pb’

Consistent results in muon and electron
channels

Muon fit yields the most precise

measurement

Systematics dominated by MET
uncertainty

fi-fr> 0 => predominant left-

handed polarization for W+ and W-
(respectively 7.80 and 5.1c from 0)

With current sensitivity W+ and W-
polarization do not differ significantly

Results in agreement with Bern Z. et _
al. Phys.Rev.D84:034008,2011
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alGC

® | EP parameterization (A is defined as a difference
from the SM prediction)

- light Higgs boson scenario

Aky = Aglz — Ak, - tan®6, and \y = Ay = A

- Effectively reduces number of unknown variables to three

» For WYy this reduces the number of free parameters to two

® Hagiwara-Ishihara-Szalapski-Zeppenfeld (HISZ)
= Assumes the coupling between SU(2) x U(1) fields and Higgs
double are the same
Akyz = .lAH.ﬁ,-(l i tan‘zﬁw),AgiZ = B85 and Az =My = A

2 — 2c0s82%0,,

- Reduces number of free parameters to two

® Equal coupling relation Ag? = Ag] =0

- Two free parameters Akz = Aky and Az = Ay = A

Summary slide by Y. Maravin
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ZY—Vvvy bkg and efficiency estimates
> Backgrounds

using EM-enriched multi-jets events

Source Number of selected eve —
Misidentified jets 228 —» from a fit to seed timing distribution
Beam-gas processes 11156 —
Misidentified electrons 35+15 — - : : . :
Wy 33110 iInverting pixel hits requirements
Yy 0.6 0.3 } ~—
yHet 0.5+0.2 — from MC
Total 30.2 + 6.5
Zvy — vvy (NLO) 453 + 6.9
data 73
> Efficiency

> Trigger turn-on from prescaled triggers
> Photon-id from T&P using Z — ee

> Veto efficiency from W—ev and Z — ee
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