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Introduction

® The standard model
® A successful theory

® | ow-energy approximation only
1. Origin of mass
2. Mechanism of EW symmetry breaking
3. Hierarchy problem
4. Origin of dark matter
Oabiticy
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How to solve puzzle(s)?

e Different theories developed
® Higgs mechanism
® Supersymmetry (SUSY)
® Fxtra-dimensions (ED)
® And, maybe none of those?

® Experimentally being tested

e \W/Z production could be sensitive
® Probe the SM and beyond
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The WZ production

® Tree level productions

® The triple/quadruple couplings allowed
between gauge fields

W

z° P 70 P

® The |least-well tested sector of EW
Interactions

® Charged final state — could not be
_produced at LEP
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The WW/Z vertex

® The effective Lagrangian  cwwz/sws =idw,w+z —wiz,w)
of WWZ vertex +ing W2

"’)‘Z t e gzve
] Z M2 WP#W Z
® C,Pconserving — g4, Xz, A; ez + 00
* SM: gZ,=1, k,=1, A,=0 e (WO, — W8 W) Z,
+ KWWY Zm
’I,Az ” p
I S WIWEZ

® Measure WWZ coupling
® Direct measurement of WW/Z vertex

® o(WZ2)/WW/Z coupling — probe the SM
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Particles we searched for...

® Sequential W’ rooy =AMy
® Similar coupling to WZ bosons p . -
® Probe for different coupling strength
between W'W/Z %
e Within low scale Technicolor P 20

® Masses of light particles <500 GeV
® |p;/a; =W*Z| — dominant decay for heavy m;
® Very distinct signature, narrow resonances
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Signature of WZ

® Study leptonic decay of WZ
® Three charged leptons missing transverse

energy due to neutrino V/f P
4
® eeev, eeuv, UUeV, UUUV R iy
«i\
® The smallest branching y )y

fraction — 0.369% &) »
® The clean signature @

P
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Electrons

® Reconstructed as v\\ )
® Fnergy deposit in calorimeter TITIT H
® |solated track T
* |dentification g” T | | IEE
® |solation, EM fraction O EL0D
® [rack match, isolation £en0.2)
® Shower shape emfr=%>90%

® Multivariable discriminators

Keti Kaadze, KSU ' April 5, 2010




Electron ID efficiency

® Several definitions of electrons

S & B efficiencies for pT = 40 GeV
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Electrons in ICR

® One of the first using ICR
e 1.1 <|n| <15 ICR___\\
® Coarse sampling layers
* Limited EM coverage
® |dentified as
*E.>10 GeV
® p.trk > 20 GeV
® NN to reduce background

3
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ICR electron data/MC
agreement
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Muons

® Reconstructed as muon track
matched to central track

® Different Muon qualities m mﬁ

® # of hits in muon system

® Suppress cosmic muons — |Athit5|<10 ns

® Presence of central track
®* Matching %2, distance of closest approach

o # of SMT hits
® |solation
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Muon |ID efficiency

All Data - Medium Muon Eff vs cft_eta | [ Data - Track Loose Eff vs cft_eta |
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Missing transverse energy

e |nitial state momentum p:é’4< Lp—
not known (&) g

® Momentum in transverse plane is =0 @

® MET is calculated from calorimeter
® Excluding coarse hadronic layers

cells cells

miss miss .
Er = _EETiCOS¢i Ep” = _EETi SIn g,
i i

A

miss miss 2 miss

® Corrected for muons in the event

Keti Kaadze, KSU ' April 5, 2010




Event Selection

® Energetic leptons, spatially separated,
originated from the same vertex

e Different lepton identification for Z/W decay
products

® M(ll) consistent to Z boson mass

o Slgnlflcant I\/IET

h
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Triggers:
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Triggers:
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em particle et: 34.35
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mu particle et: 43.53
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Are those WZ events?

® Three leptons + MET can be mimicked
® Physics
® // production
® |nstrumental backgrounds
® /+jets
® Jet(s) is identified as an electron/muon
® /vy
® v IS identified as an electron
® ttbar, W+jets — negligible
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Estimation of Z+jets |

® Jet — spray of hadrons
® Fake lepton, mainly electron
® Track(s)
® Energy deposit in calorimeter. e.g.: a’—>yy
® Genuine non-isolated leptons
® Semi-leptonic decay of heavy flavor quarks

false

Jet id. as false |
Measure in m

/
Estimated
.\ Z+jet background

Extract

~—~al

T—— — p— —
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Estimation of Z+jets |l

® Misidentification ratio measurement
® Good quality jet
® MET < 10 GeV
® Avoid contamination from W events
® | ook for “false” lepton away from jet

® Electron — shower shape inconsistent
® Muon — non-isolated track

dN "true"/ d77
dN . false"/ dn

dN "true" / dp T
dN " false" / dp T

Jfr(n) =

fr(pT) -

- —~—— :
S
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Misidentification ratios
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Estimation of Z+jets Il

® /+"false” lepton sample — for each channel
® | imited statistics

® Systematic effects
® The statistics in multijet sample

® MET cut for measurement of mis-id ratios

® Vary up to MET < 20 GeV
® Difference Is assigned as systematic unc.

® AR(jet,"fasle”lep) — negligible effect
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Estimation of Zy |

e Background to W+Z—=ev+Z channels
® |nitial and final state radiation

N 4 q

Y Z,
ISR FSR y .
Y
q q 1
® Photon I1s misidentified as electron -\/“\

® Conversion y—>ete~
~ ® Track mismatch

—

\__ e
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Estimation of Zy Il

® Measure the misidentification rate

® /(un)y FSR in data
® M(uwy) consistent with the Z boson mass

o Z(uu)y ISR in MC
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Misidentification rates

® For tight selection misidentification
probability is small
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Estimation of Zy Il
e Use Baur Zy MC sample
o oNLOXBr(Z~>I) = 2.89 £ 0.15 pb

Ny,
® The largest systematics due to MET
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Measurement of WZ cross
section and limits on WW/Z
couplings

In review for publication

-

i
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Event Yields

® Selection yields
® Observed 34 candidates
® Fxpected signal 23.3 + 0.2 (stat.)
® Fstimated background 6.0 + 0.4 (stat.)

14— SM WZ
12
10

Events/10 GeV

6
4
2
%
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WZ Cross Section

The cross section Is calculated as

o x Br(WZ —lllv) = —2——% Uncert.

Acc x € x L Electronid 5%

Channel Cross section (pb) Muon id 49,

eee 5.14 + 2.56 — 1.90(stat + syst) £+ 0.31(lumi) ICR el. id 6%

eep 4.36 + 2.18 — 1.66(stat + syst) + 0.27(lumz)

epp 5.46 + 2.44 — 1.91(stat + syst) £ 0.33(lums) Floies 5%
[LLLLL 1.95 + 1.50 — 1.08(stat + syst) + 0.11(lums) o(ttbar) 5%
eejcre | 1.34 + 3.11 — 1.34(stat + syst) £ 0.08(lums) o(Z2) 109,
eejcrlt | 3.75 + 3.74 — 2.51(stat + syst) + 0.23(lumi) °

MET on Zy  30-50%

V+jets 20-30%

0 =391 (stat.+ syst.) = 0.24(lumi.) pb| Luminosity 6.1

The best measurement to date of WZ cross section!



Anomalous WZ production

® Observables
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AC signal

<
o. ﬁ|< IIIIIIIIIIIIIIIIIIIIII >
® Use MCFM generator o
N | |
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-log(L)

Limit setting

Using negative log-likelihood method
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Limits
* WWZ and WWy coupling relation

o | FP: Ak, = Ag/ - Ak tan’ 6, A, = A,
o H|S/Z: Ak, = Ak (1-tan’0,,)/2,Ag = Ak, /2cos’ 0,4, = A,

® Fqual couplings:  |Ak, =Ak,.A, =A.Ag =Ag =0

Coupling Relation 95% C.L. Limit
LEP —0.08 < Az < 0.10
—0.05 < Akz < 0.15
HISZ —0.08 < Az < 0.10
—0.05 < Akz < 0.16
EQUAL —0.08 < Az <0.10
—0.26 < Akz < 0.72

| The best limits on WWZ couplings obtained from the

ct measurement of the WW/Z vertex!
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Search for new resonances

Phys.Rev.Lett.:104,061801(2010)
arXiv:0912.0715v3 [hep-ex]
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Signal Selection

® Signal is generated by Pythia
® \W’ and Technicolor resonances

e W/ production is an additional background
® The standard 3I+MET event selection
® Apply tighter thresholds

* AR(I',I) > 1.2 — removes significant
background contribution
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Event Yields

> L B L B L B

W' (500 GeV) 4.4 + 1.1 S [/} Wz Monte Carlo E

W 9.0+ 1.5 5 LA TXOE )

' ; ' T R U I IR W’ 400 GeV SSM signal ]

£z 1.0x0.2 - — W’500GeV SSM signal -

Z+jets 0.2 +0.1 F E

/g 0.1 £0.1 - o : .

Total bkg.  10.2 + 1.6 T . E

- . .

Observed 9 ol S L v S .
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Very good agreement with the SM
background prediction



Limits on W—W/Z

We exclude sequential W'
e 188 GeV < M(W") <520 GeV (obs.)
e 188 GeV < M(W') < 497 GeV (exp.)

S B 1 I 1 LI I LI L] I LI L L I LI L L I LI L L] I LI L LI I LI I LI I 1 I_
E 10k DD, 416" e Expected 95% C.L. limit
S S 3
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T 100 : 5
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m 10, ~— E
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W'W/Z coupling

Variation of coupling affects on o(W') and

Br(W—-W/Z/ >
( ) WWZ=oaxWWZ(SM)x Aj‘jz ((VV;))

- Excluded 95% C.L. region

108 I Expected 95% C.L. limit
--------- SSM value

W’WZ coupling strength / SSM

{ 1 (SSM) 520 497
| 4 767 752
. 309 903 881

_I IIIIIIII Illllllllllllllllllll IIIIIIII ]
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Limits on p—WZ

Previous searches in p;—Wnr—/vbg
¢ Excluded M(p+) < 220 GeV (DY)

(b) [

120
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(=]
o

60

We

D@, 388 pb™
M, = 500 GeV

Excluded Region (NN)
Excluded Region (Cut-based)
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L
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e 208 GeV < M(p1) <400 GeV at 959% C.L. (obs.)
e 201 GeV < M(pr) < 339 GeV at 959% C.L. (exp.)




Summary

® Extensive study of WZ process at DY

® The best measurement of o(pp—=>WZ) and
limits WW/Z couplings
® The first search for X=>W/
® Limits on SSM W’, W'WZ couplings
® The first limits on pt=WZ — excludes
almost all allowed phase space
® Technicolor is not dead yet! @
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