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Introduction

Diboson studies at the LHC

Important test of the
Standard Model

Testing sensitivity to gauge
boson interactions via
trilinear gauge couplings
(TGC) :-WWZ,WWy
Coupling values are fully fixed
in the SM by the gauge
structure of the Lagrangian
deviation would indicate new
physics
WW and ZZ are Important
irreducible background in
Higgs searches
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WZ process

Virtual off-shell W decay to TGC g
W and Z via the WWZ AN P
vertex > “““ .. :
small t-channel contribution q z’ "fﬁf_
Cross section I
Theoretical (inclusive, NLO): t-channel

5. no=17.53 % 0.55(pdf) pb R
for M, in [60,120] GeV range :

= k“““m+

focusing on leptonic (e,L) .
decay channels of W and Z WZ— L5078~ (£,£ = e, p)
boson

BR : ~1.5, includes all four
final states eee, eep, ppe and ppp
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WZ signal and backgrounds

» WZ-33lv (e,n) decay characterized by

a pair of same-flavor, opposite-charge, high-p; leptons with an invariant mass
corresponding to Z boson

third, high p; lepton from W boson

significant amount of missing transverse energy (E;™*), associated to the escaping
neutrino

Backgrounds - events with three leptons, genuine or fake
» Leptonic WZ decays containing t-lepton
t—decay can result with e,u in final state
cross section proportional to the signal cross section (which we measure)
» Non-peaking (no genuine Z):
ttbar
WHjets, QCD(negligible)
» With genuine Z and third fake lepton:
Zy and Z+jets (including Z+heavy quarks)
»  With genuine Z and genuine third lepton: ZZ->4l

4th lepton can escape detection, so a fraction of this background is irreducible
small production cross section
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Event selection overview

Analysis done separately for all four e and u channel combinations

Lepton selection
electrons: narrow shower in ECAL matched to a charged track
muons: track in the muon system and in the inner tracker matched
Isolation: require low energy in the cone around the lepton
In| < 2.5 (electrons) or |n| < 2.4 (muons)
Z selection
Opposite-charge same-flavor leptons with invariant mass in [60,120] GeV window

Kinematic cuts: leading lepton p:>20(15) GeV, trailing lepton pt> 10(15) GeV Z—>ee (Z>up),
tuned to trigger thresholds CMS Prelimimary 2011 \F=7 ey

If second Z candidate found, event is vetoed E | J.Ldl=ll.ll]'!illﬂlflg
(reduces ZZ background) s +Dam " WW-ers
i — v Bf 3
WV lepton selection: g 30 EZ+Tets TWZ-3lv
» tighter selection requirements than on Z E 40 + =
leptons, pr> 20 GeV 3
» reduces backgrounds with fake third lepton - E
and soft p; spectrum 20 + =
Transverse missing energy (MET) > 30 GeV 10 3
discriminates against high p jets faking BT
lepton(Z+jets), or photon conversion (Zy) % 50 100 150 200 250 300
MET (GeV)
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Yields

Z invariant mass

(all channels)

expected and measured
number of events after all
selection criteria applied

( 1.09 fb1statistics)
observed: 75 events
expected:73 events (MC)

CMS Preliminary 2011~ +Js=7 TeV
SR T

';_-..-h: L B L B
= F Lat=109f" § |
30 +-Data - l@W=Tets g £
= - vV g = LT
E 250 B E+Tes COWZ—3lv 7
= F .
T Jf 3
15 =
. EETRS =
0 70 20 90 100 110 120
m, (GeV)
Sample 3e0p | 2elp | 1e2u | 0e3pu
Z + Jets 082 | 004 | 031 | 0.07
Z — bb + Jets 004 | 006 | 0.00 | 0.10
Z — cc+ Jets 003 | 0.00 | 0.00 | 0.00
tt 083 | 095 | 0.56 | 0.59
ZL — 4L 040 | 095 | 040 | 097
Vo 080 | 0.10 | 0.03 | 0.00
W 4 Jets 0.00 | 0.00 | 0.00 | 0.00
WW — 2f2v + Jets || 0.02 | 0.04 | 0.00 | 0.00
Background 295 | 214 | 131 | 1.72
WZ — 3fv 1447 | 17.49 | 13.95 | 18.56
AlIMC 17.42 | 19.62 | 15.26 | 20.28
Data 22 20 13 20
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Background estimation o
» Using the data-driven estimation method (the DO matrix method) to
estimate backgrounds with fake third lepton: Z+jets and ttbar
events with events
genuine W with fake
lepton Wilepton

*efficiency factors €., and py,,
estimated from data samples:

Pfake -
sisolation efficiency of fake leptons

*estimated on samples containing
fake leptons (W+jets)

8tight :

*isolation efficiency of genuine
leptons

*estimated with“Tag and Probe”
method on Z—2>ee and Z2>upu

selection yield without
W lepton isolation cut ™
P Nigose = Nlep + N}Et

final selection
" Niight = |€tight Niep - Prake Nj
yield (observed) ~tsht fake Njets

MC
( N

y- N
hght
Type Etight -N;EP Piake - Nigt | True Nle{:

3e0u | 20.24+4.76 | 1.76+0.67 | 14.4733.80
2e1p | 17.464.56 | 2.54+0.86 | 17.491+4.18
le2u | 11.40+£3.67 | 1.60+0.58 | 13.95+3.73
Oe3p \ 17.82+4.54 ) 2.18+0.76 | 18.56+4.31 )
~ < background o
estimated number of events with isolated W

lepton
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Background estimation ‘

» ZZ and Zy estimated from MC
assuming 7.5%(ZZ) and 13%(Zy) uncertainty on cross section

A
Nbackg = PFake * Nfet T Nt% T Nhlgé

» WLZ decays to tau’s considered as proportional to signal: ¢ o (1 — f)
A

WZ->1’s
fraction
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» Signal Acceptance x efficiency F = Axe& =20-25%

Result: WZ cross section

» Cross section calculation:

int. luminosity = 1.09 fb-!

lumi uncertainty — 6%

N obs N backg

cross section (pb)

o= {1 _fr] T T channel Nﬂbswzlm’
P OWZ —eeev 22 0.086 & 0.022(stat ) + 0.007(syst) + 0.005(lumi)
% TWZ —seepy 20 0.060 £ 0.017(stat ) £ 0.005(syst ) £ 0.004(lumi)
data/MC OWZsppiew 13 0.053 £ 0.018(stat ) + 0.004(syst) & 0.003(lumi)
corrections OWZ s pupw 20 0.060 £ 0.016(stat ) + 0.004(syst) + 0.004(lumi)

Combination of channels:
o(pp = WZ+X) x B(Z — £6)B(W — fv;) =0.062 £ 0.009 (stat.) = 0.004 (syst.) + 0.004 ( lumi.) pb.

WZ (inclusive, M5 in [60,120] GeV ) cross section measurement:

e

.

\

c(pp - WZ+X) =17.0+ 2.4 (stat.) £ 1.1 (syst.) = 1.0 (lumi.) pb.

Good agreement with NLO o =17.53 + 0.55 pb

CMS PAS EWK-11-010
J
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Search for WZ resonances

» W’ and Technicolor WZ decay mode searches
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W prime : W>WZ

» Extension of the Standard Model — heavy W boson-like resonance

» current limit on Sequential SM W’ search
» Excluded M, <2.27TeV @95% C.L. (CMS) CMS PAS EXO-11-024 (2011)
» Assumes that W >WZ is suppressed (W’ heavy analogue of SMW boson)

» W’ >WLZ search is complementary to leptonic decay search
» W->WZ BRis a factor ~2 smaller than W—=>In BR
» further reduced sensitivity due to leptonic BR of W and Z
» leptonic decays suppressed in some models (enhancing vector boson channels)

» Test for W’ evidence in [300,900] GeV range e
(100 GeV mass point intervals)

» Tevatron excludes W’ masses between |88 and
520 GeV for SSMW’ >WZ

[DO, Phys. Rev. Lett. 104,061081 (2010)]
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Technicolor =
» Dynamical breaking of electroweak symmetry (QCD-like new dynamics)
»  Walking gauge coupling — allows TC scale accessible at LHC energies (LSTC)
» Associated with problems linked to precision electroweak observables
» Large S parameter contributions
» Recently proposed that this can be suppressed if the lightest p and its axial
vector partner ,a;c, are nearly degenerate
» K. Lane, S. Mrenna, Phys. Rev. D67 (2003)
» “Technicolor Strawman Model” — TCSM
» Lightest prc and oy are below | TeV and decay to y,W, Z, i1
» Very narrow resonances: ['<5 GeV
gy Prra;?WZ l
» Relationship of M, 1 and M 1 significantly W
affects BR (prc2>W2Z) we o oar o 5
» IfM7c>2* M 1o, WZ BRis reduced ~I0x ~ peeeeee —, /
> For M 1c < M,qc + My, ,WZ BR is ~100% Pr z
» DO excluded M ;. in [208,409] GeV
q 14
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Technicolor =

» TC test on [300-500] GeV TCSM mass points

» assumed parameter set from “Les Houches” study

» not excluded by other experiments while accessible below 5fb-!

My =3 - My, —25GeV

M(arc) = L1M(prc) Mipre) = M(wrc)

Parameter Set M (prc) = M(wrc) Mlarc) M(mrc) My =Ma ¢ x BR(fb) (WZ)

A 300 330 200 300 429
B 400 440 275 400 129
C 500 550 350 500 52
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Event Selection =

» Extension of the WZ cross section measurement selection
» using the same integrated luminosity
» 1.15 fb-! + 3% (updated)

» Adding Hr =) " p7 and WZ mass window cut for each mass point
» Optimized for S/ JS+B to give best expected limit

CMS Pre]_u:nman- 2011 Js =7 TeV
[ [

} g | T T TT | IIIIIIIIIIII | IIIII | LI | LI Ig
3 F o Ldt=115f" 3
> 102 HT distribution 4-Data * BW+lets _|
= E ’ BVV i =
= (W 600 GeV m.p.) mZ+lets IWZ_s3ly 3
Z - W' 600 .
5 10E E
et E 3
K n . ]
1 X I L ] —-
§ Al — §
: 'L""LLL :
10" -
107 =
111 11 1 1 1 1 rl |-L |-||-||-|-LIJ-| 1 I:E

0 100 200 300 400 500 600 700 800

Lepton Pt Sum: HI (GeV)
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i )\ : v | T
Event Selection
. CMS Preliminary 2011 [c =7 TeV
% D- E T T T | T T T | T T T | T T T | T T T | T T |1 E Sﬂmplﬂ' HT Cul_ {C-E“h‘r;'l NERQ NSTE Dﬂ.tﬂ
= E . . . Ldt=1.15f - T - . r
O E My, distribution D ) w1 V300 Gev 140 2 | % | A
— L (W’ 600 GeV m.p.) myy B _| W’ 400 GeV 190 8 45 12
~ 10 ( P W Z+Tets DIWZ—3lv = 7
o F o7 EEEI —alv 3 W’ 500 GeV 250 3 19 7
= - - :
o B ] ] W’ 600 GeV 300 2 g 3
&4 1 ' ¢+ 4 = W’ 700 GeV 340 0.9 5 1
= = W’ B00 GeV 380 0.6 3 1
1- ‘JJJJ 1 W’ 900 GeV 480 0.2 1 0
100 3 n 3 prc 300 GeV 160 14 12 18
: 3 [ prc 400 GeV 210 3 5 10
0L N‘h J‘[H 1 [prc500Gev 280 2 [ 2 | 4
E 1 1 1 I |rJ-| | 1 1 1 I 1 1 1 | 1 1 ” H H ” E
0 200 400 600 800 1000~ 1200 expected and observed number of events
My, (GeV) P

after HT selection cut is applied
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Background estimation

total estimation using
» Background contributions for each mass point MC |

Mass point | Window | Nzjas | Nif | Nzz | Nvy | Nwz | Naemc | Naig
(GeV)

W’ 300 259-353 00 |02 02 | 01 7.6 8.0 9.8
W 400 323-472 0.1 00| 01 | 00 3.3 3.4 43
W’ 500 412-575 00 | 00| 00 | 00 1.2 1.3 14
W’ 600 496-688 00 |00 | 00 | 0O | 06 0.6 0.6
W’ 700 590-795 00 |00 | 00 | 0O | 02 0.2 0.2
W’ 800 681-900 00 |00 | 00 | 0O | 02 0.2 0.2
W’ Q00 787-997 00 |00 | 00 | 00O | 01 0.1 0.1
ore 300 253-352 0o |02 01 | 00O 5.4 5.7 7.0
orc 400 347-455 0.1 0.0 00 | 00 1.9 20 25
ore 500 430-555 00 |00 | 00 | 0O | 07 0.7 0.8

search window
used per mass

point
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Limits: W’ mass |

» 95% C.L on cross section x BR, using bayesian statistics and flat prior on
the signal

»[Myy > 784 GeV @ 95% C.L CMS PAS EXO-11-041

CM5 Preliminary 2011 tEI= IT-' =

E :| I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 Ij 1 I 1 1 1 I-II I:
a [ Ldt=115/&" -
o B |
@ L W' Limit = 784 GeV_|
o = =
.\‘ i

2= T— —
107 \ e
1+l y

- + 2o .

lﬂ-j L I L I::Ism:-l L L L L I L L L L I L L L L I L L L L I L L L L I L
300 400 500 &00 700 800 Q00

Myz (GeV)
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Limits: ppe mass

» for parameter space M, = % - Mo — 25GeV

»| Mprc > 382 GeV @ 95% C.L. CMS PAS EXO-11-041
. EMEIPrf-_lj:Iujnlanlﬂ:lll I«JEI=?I'F‘UI .. I
3 1w0'F | | JLdr=1.15m'l’_—
x i
= p, Limit= 382 GeV _
-
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Limits: pp- and np- parameter space

»[Mrc > 436 GeV @ 95%.C.L.

» for the parameter space M 1

. Ldt=115f" ]
= — > (CMS Preliminary 2011Ys =7 TeV A
Z2 95% C L. limit (exp) —

= . 05% CL.limit (obs)

100320 340 360 380 400 420 440 460
CMS PAS EXO-11-04] m(p ) (GeV)
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v

A 4

v Vv

v

Summary o

Measurement of SMWZ cross section in leptonic decay modes
c(pp > WZ+X) =17.0£ 2.4 (stat.) £ 1.1 (syst.) £ 1.0 (lumi.) pb.

» agreement with SM predictions

We searched for resonances in context of W’ and Technicolor

95% C.L. W’ mass exclusion limit: M\,,> 784 GeV
95% C.L. Exclusion limits on Technicolor:

» excluded M > 387 GeV (LH parameter space)

» excluded M rc > 426 GeV (M 7c <M 1c + My )
» currently best experimental limits

Planning improved results with the full 201 | dataset
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BACKUP
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Results

CMS,

Y T

» Summary of expected and observed event yields and limits

Mass point || Window | Npgonmc Esig Nsi, | Data | Exp. Limit | Obs. Limit
(GeV) (%) (pb) (pb)

W' 300 259-353 8.0 20+£1 76 7 0.0459 0.0417
W' 400 323-472 3.4 31 +2 39 2 0.0186 0.0142

" 500 412-575 1.3 33 +2 17 4 0.0113 0.0215
W' 600 496-688 0.6 36 +£2 8 1 0.0105 0.0105
W’ 700 590-795 0.2 42 + 2 5 0 0.0064 0.0064
W' 800 681-900 0.2 40+ 2 3 0 0.0067 0.0067
W’ 900 787-997 0.1 35+2 1 0 0.0077 0.0077
orc 300 253-352 5.7 173+ 09| 11 6 0.0436 0.0436
prc 400 347-455 2.0 22+1 4 2 0.0207 0.0207
orc 500 430-555 0.7 22 +1 1 3 0.0172 0.0279
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