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Physics Motivation

o Direct probe into the gauge structure
of the SM:
© S-channel probes triple gauge
couplings (TGC)
@ TeV with respect to LEP: explores
higher energy range

t-channel

P

s-channel .
@ Cross sections can be enhanced by
new physics
’ @ Diboson final states close to higgs final
Absent at LEP
qg' =W Wy {WWy only states

qq'—> W SWZ | WWZ only
qq 2 ZIyO SWw: WW y ,WWwZ
4q ~Zly" -2y :[7Zy,Zyy
g7 2y -2z |72y 777

Absent in SM

@ Benchmark for experimental
capabilities towards Higgs
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CDF detector

@ Proton-antiproton collision at /s = 1.96
Tev

Central EM Calorimeter

@ Peak luminosity 4.0 1032 cm—2 s—1

Central
Hadronic
Calorimeter

Central Inner Tracker

(Silicon)

p soufce

Main Injectdr ! Central Outer Tracker
& Recvcler 7 (Drift Chambers)
— @ CDF — Multipurpose detector

@ Data taking efficiency ~ 85%

V. Cavaliere WW/WZ at CDF ICHEP 2010, 22/07/2010



Heavy Diboson Production

Leptonic Decay Channels

Small branching fraction and low background
Clean signal but low yields
Key — increase lepton acceptance

Semileptonic Decay Channels

Larger branching fraction and much larger
backgrounds
Signal / Background < 0.5%
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WW cross section using 3.6 fb~!

O WW-— fv+ fv production 3
o Test SM predictions: x-section, TGC é
o Dominant background for H— WW i
(same analysis)
o Can be enhanced by new physics or
Higgs
@ Two isolated leptons and large MET
© Likelihood ratio formed from Matrix
element probabilities
N0 (pp — WW) = 11.7 £ 0.7pb
o(pp — WW) =12.11 1 5pb

Phys. Rev. Lett. 104 (2010) 201801
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WW cross section with a precision of less than 15 %.
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http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C104%2C201801

WW and Triple Gauge Couplings

@ Two diagrams producing WW: s-channel, and t-channel.

@ s-channel is susceptible to anomalous triple gauge couplings:
AK? AKY Agi,Ag] N\

@ HISZ scheme (Phys. Rev. D 48 (1993) 2182) ties these together to make 3
independent parameters
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CDF Preliminary Results at 3.6fb~T
A A Agt ARY
2.0TeV || (-0.14,0.15) | (-0.22,0.30) | (-0.57,0.65)
1.5TeV || (-0.16,0.16) | (-0.24,0.34) | (-0.63,0.72)
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http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD48%2C2182

WZ cross section

@ Require 3 e or u leptons and E7 > 25
GeV

@ Lepton ID optimization %12}
@ Improved electron/muon §10}
isolation r

@ Recover central /plug transition b

© Tight track quality of

@ Normalize to Z — #¢ to reduce
the systematic uncertainties

W m.

o(pp — WZ) =4.14+0.6(stat.) £ 0.4(sys.) pb

o(WZ)NLO = 3.7pb
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VV — Er + jets £

JJ

@ Jet final states are more difficult — Resolution i
much worse Z/ Z//
@ Select jj+MET events P_,\:;N_gbur L’Z*‘_pbar
o Acceptance to vv and lv events (WW, // v’/»/
Wz, 722) "1 v
° Mileston.e for low mass Higgs searches @ Reject QCD based on
o Similar final state to ZH — vv + bb sophisticated £ resolution
@ Analysis challenge: model [arXiv:0910.5170]
@ Triggered data dominated by QCD @ After QCD rejection:
multijet events with fake ET Signal/QCD~0.2

@ After trigger Signal/QCD ~ 10™*

2
§1u7 i 3 g T T+ Data
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http://arxiv.org/abs/0910.5170

VV — met + jets :

o\ B @ Fit M;; distribution
EGJ - Data (3.5 1) ] @ EWK M s shape: checked with v+jj
<] EWK Uncertainty T . e .
° =1 Background | — significantly reduces systematics
c " .
S F e S;gﬁjf’ﬂﬂgﬂi'm 1 @ Fitted Jet Energy scale compatible
4 u with 1
. PRL 103, 091803 (2009)
oc(WW +WZ+227) =

18.0£2.8(stat) +2.4(syst) +=1.1(lumi) pb
SM: 16.8 £ 0.5pb (MCFM + CTEQ6M)

First observation in hadronic final
state: 5.3 o significance

40 60 80 100 120 140 1o Phys. Rev. Lett. 103 (2009) 091803
Dijet mass (GeV/c?)
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http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C103%2C091803

WW/WZ — lv +jets

o Require high pr lepton, large E7, and

- two jets
a W-W}T“ﬁ-::gi‘—” @ Build W or Z from two-jet system:
J\%‘\}N\ét‘v ' o Dijet mass resolution doesn’t allow to
b ‘ distinguish between W and Z
a ZD'W+'W&7"=-'-'::E'_ o WW is dominant (WZ has lower cross
-

section, branching ratio)

Two measurements of WW/WZ — lIvjj have been carried out at CDF
@ Matrix element analysis in 4.6 fb=1 (2.7 fb~! published)
@ Search for resonance in dijet invariant mass spectrum in 4.3 fb~! (3.9
fb~! published)
Phys. Rev. Lett. 104 (2010) 101801
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http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C104%2C101801

Mj; method in 4.3 fo!

o Two different approaches used:

@ First approach uses the shape of Mj; of the two leading jet to look for
a clear resonance

CDF RunIIF’rellmlnaryJ'L ot =4.30 o' @ Use pr > 40 GeV/c cut to smoothen m“

—~ Data (4317 distribution

@ Fit to extract ths signal :
1582 £ 275 (stat.) & 107 (syst)
WW/WZ — lvjj events

Events/8 GeV/c?

@ Compatible with SM cross section:
(15.9 + 0.9 pb)

@ Significance 5.2 o (5.1 expected)

50 700 750 200
M; (GeVic?)
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Matriz Element method in 4.6 fo=1

Events / 0.05

@ Second approach uses a multivariate technique to exploit all the
information in the event.

o Use matrix element calculation to build discriminant (EPD) to separate
signal and background

EPD = Py;4/(Psig + Ppc)

o Likelihood fit to extract signal.

CDF Run Il Preliminary, L=4.6 fb” I"“"‘" e e
~ et @ Significance 5.4 o (5.1 expected)
104 150 Man-iy

™ 2+jetn
50

Q7 ATE of CEsoCo oo

OWW/WZ —

16.5133(stat. + syst.)pb

0.2 04 0.6 0.8 1
Event Probability Discriminant
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WZ — v+ bb

CDF Run Il Preliminary 3 fb”'

@ Cross section (W Z — lvbb) = 0.12pb oosF e
. E Al Entries 42912
@ Important benchmark toward higgs ::7 M I
searches 0057 !
@ Event selected requiring one lepton (tight 3
and central), E7 > 20 GeV and two jets. oo
0.03—
@ The two b-jets identfied with NN oozt
algorithm : e : i
@ Uses both the lifetime information as i} ° ° ** Romanhout
well as the lepton information. 5 F _ .
. € - CDF Run Il Preliminary L =4.3 fb
@ Per-jet output value — 1 = more R - e0in
C F pee T
b-jet like. - : %@@ e
@ Jet tagged if output > 0.0 o et
@ Another is NN used to discriminate i i
between WZ and other backgrounds i3 ez
@ Set a limit with 4.3 fb™*:
107 NN output

Oobs < 3.9 -SM (3.9 expected) at 95 % CL s - : s
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IW + 77 — 1l + jj

@ Combination of WZ and ZZ still unobserved:
o Expected cross section 5.0 4+ 0.4 pb
e Branching ratio of Z — leptons small
o Z+jets background is very large
o Motivates new quark-gluon discriminant
@ Jet Likelihood Ratio: Quark/Gluon
Discriminant
o Energy in g jets less spatially spread than in g
jets — quantified as Jet LR: larger = more
quark-like

@ Build NN discriminant

o Fit of 4.8 fb~! data to S+B template yields:
e set a limit on OZW+ZZ of

Likelihood Ratio of 2" Jet
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ozz+7w < 2.9 -SM at 95 % CL
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Conclusion

CDF Run I, pp at\s = 1.96 TeV

g : @ Diboson physics a rich and
.5 - o CDF Preliminary interesting p|ace
3 10"? - = CDF Published o SM tests
g [ Theory o Higgs benchmark
= 3L .
G 10°¢ o New physics searches
i=] F
S0k -
BV o Larger Tevatron datasets allows
b - for more targeted searches
E s
F R . .
I - + @ Most interesting results are yet
2 to come!!
T
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