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t-channel
@ Diboson are unique probe of

triple gauge couplings:
© Sensitive to new physics:
277, 7Z7Zvy, Zyy absent in SM
@ TeV with respect to LEP:
explores higher energy range

i

s-channel

e Significant backgrounds for

! several interesting processes
Absent at LEP
qg' =W Wy {WiWy only @ Processes topologically similar to
P *) .
qq' oW oW L only WH, ZH, SUSY.

qq =21y S Ww Wy Wz
qq HZ/y(*)AZy ZZy Zyy
qq =ZIy" -2z :|72y,222Z

Absent in SM
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CDF detector

@ Proton-antiproton collision at /s =1.96

TeV
@ 36 bunches: crossing time = 396 ns Central EM Calorimeter
@ Peak luminosity 3.61 - 1032 ecm—2 51 Central Inner Tracker H(;il':':)r:ilc

(Silicon) Calorimeter

R S Central Outer Tracker
Main Injector ! (Drift Chambers)
& Recycler =

ke

@ Data taking efficiency ~ 85%
@ About 5.7 b~ ! on tape
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Improved Lepton Selection NN
(A

epton acceptance is a key in final states with 3 or more leptons!
@ Try to use all tracks and electromagnetic objects found
@ Use as much information as possible for each candidate

Electrons: Muons: Tracks:
@ Central calorimeter @ Central muons with matched @ Fill in regions not
@ Forward calorimeter muon chamber hits fiducial to calorimeters
@ w/ or w/o Si-based (4] (M!P): central and forward @ No distinction between
track region e and p.
Electrons Muons
P - i jons 7
Central —t 20 ]
F Central
orward "
(w/ Si-based 1 1} .l uons
track) Central
e 0 0f 1~ wmP
i Forward
i(w/o Si-based: -1 At 1
track) — Forward
. 2f o T Me
3L T Track

[] [
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Event Topology Cartoons

© Two leptons (e or u) with pr(1ly) > 20,
pT(lz) > 10GeV

/
@ Dilepton invariant mass
2 ww Drell-Yan
My > 16GeV/c” to reduce heavy CDF Run IT Preliminary [L£=36Mm""
Process Events
flavour backgrounds i e
S . wZz 138 + 1.9
© Njet = 0, with In| < 2.5 gnd is orr L ors
pT > 15GeV to reduce tt and WW/WZ  wjets 1127 + 312
o 7z 207 + 2.8
@ Drell-Yan contamination reduced i 13 + 02
. Total Background 3201 + 468
requiring that the Ft transverse to each —pr————— LT
lepton is greater than 25 GeV (15 GeV  _Signal+Background | 637.6 & 79.6
Data 654

for e 1)
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Likelihood ratio formed from Matrix element probabilities

CDF Run Il Preliminary

[emsow’

Fitted Templates

Events / 0.04

[ W+jets
. Wy

Ewz
lzz
C1Zh
e
= ww
+ Data
Nominal MC

+

0.3 0.4 0.5 0.6

0.7 0.8 0.9 1

Matrix Element Likelihood Ratio (LRWW)

o™V (pp — WW) = 11.7 £ 0.7pb

alpp — WW) =12.1715pb

o WW cross section with a
precision of less than 15 %.

CDF Run I 14.6 * &,
184 pb’ :
—_—

DO Run II 13.8 70

224-252 pb' g
—

CDF Run Il 13.6 *3Y

825 p’ -

—n.

DO Run II 11.5 *22

1000 pb' -
-

CDF Run I 12.1 %8

3600 pb' -

ol b b b b | Ly
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WW a TGC in 3.6 fb~!

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

@ s-channel is susceptible to anomalous triple gauge couplings:
AK? AKY ,Agf,Ag) AF N

@ HISZ scheme ties these together to make 3 independent parameters

q w G ———— AW
2y
q w q—t—J\N\,W
lep1_pT
@ Analysis strategy: 00
. 0.018
@ Take generator level leading lepton pr 0016 Standard Model
_— . Agl=02
distribution from MCFM 0014 os
0012 A?=0.15

100 150 200 250 300 350 400 450 500
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@ Two diagrams producing WW: s-channel, and t-channel.

@ s-channel is susceptible to anomalous triple gauge couplings:

AK?* AKY ,Ag,Ag] A* A

@ HISZ scheme ties these together to make 3 independent parameters

q w
q w

@ Take generator level leading lepton pr
distribution from MCFM

@ Multiply by leading lepton pt dependent
efficiency function to get expected
leading lepton py distribution for a given
coupling

@ Analysis strategy:

G ———— AW

q — AW

rebinavg

Average of anomalous coupling poins
0. Fittoaverage
08 Systematic error bands

0.7
06
05
0.4
0.3
0.2
0.1

0
0 50 100 150 200 250 300 350 400 450 500
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WW a TGC in 3.6 fb~! mew

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

@ s-channel is susceptible to anomalous triple gauge couplings:
AK? AKY ,Agi,AgY A2 A

@ HISZ scheme ties these together to make 3 independent parameters

q w G ———— AW
2y
q w g——— AW
@ Analysis strategy: %n* %TL. “+oma o017
@ Take generator level leading lepton pr E— 8 [ s a5=0%
distribution from MCFM 2 Eowanns - aroom
@ Multiply by leading lepton pt dependent @ °

efficiency function to get expected
leading lepton py distribution for a given

T T T T Ty

v

coupling WERSS S SN e e
. . . . 50 100 150 200 250 300 350 400 450 500
@ Fit lepton pr distribution Lepton p, [GeVic]
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@ Two diagrams producing WW: s-channel, and t-channel.

@ s-channel is susceptible to anomalous triple gauge couplings:
AK? AKY ,Agf,AgY AF N

@ HISZ scheme ties these together to make 3 independent parameters

q w G ———— AW
Zy
q w §—<—~/W\,W
@ Analysis strategy: A{Ge) A Agk K
@ Take generator level leading lepton pr Bpeced 15 (005006) (0.04014) (017030)

distribution from MCFM
e Mu|t|p|y by |eading |epton PT dependent Observed 13 (—017|017) (-026‘035) (—068‘077)
efficiency function to get expected Boeed 20 (D05005) (004013 (015020
leading lepton pt distribution for a given
coupling Obeerved 20 (015015) (-0.25,032) (062067)
© Fit lepton pr distribution

V. Cavaliere (Univ. Siena & INFN Pisa) Diboson production at CDF EPS 2009, 16/07/2009 7/ 17



WZ cross section measurement

@ Require 3 e or 1 leptons and missing transverse energy
@ Sensitive to WWZ vertex

) CDF Run Il Preliminary I Ldt=1.9fb"
coupling

- Data Ozy
. Owz Oz+jets
@ Unique access to WWZ Ozz B

separately from WW y

Nsyst. Uncertainty

Events / 2.5 GeV

W,z

B, [GeV]

o(pp —» WZ) = 4.4 £+ 1.3(stat.) £ 0.2(sys.) = 0.3(lum.) pb

o(WZ)NLO = 3.7pb
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WWZ a TGC hen
L/ Istituto Na:

@ The Z pt distribution measured for the observed events is fitted for
each of the paramaters:A, Ag, Ak. This is done individually as well as
two dimensional pairs. The Z pr distribution is used since it is
sensitive to these couplings and it can be measured experimentally.

. o _ 4
") Ana|y5|s strategy: CDF Run Il Preliminary det 1.9

IN
N

@ Take generator level leading lepton pr
distribution from MCFM

Events /1.9 fb"
N

NI B B L
0 50 100 150 200 _ 250 300
P,/ GeVic
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WWZ a TGC B,
L/ Istituto Na:

@ The Z pt distribution measured for the observed events is fitted for
each of the paramaters:A, Ag, Ak. This is done individually as well as
two dimensional pairs. The Z pr distribution is used since it is
sensitive to these couplings and it can be measured experimentally.

Efficiency Curve

@ Analysis strategy:

o
o

—— nominal

@ Take generator level leading lepton pr
distribution from MCFM

@ Multiply by leading lepton pt dependent
efficiency function to get expected
leading lepton pr distribution for a given 0.15
coupling

== =+ systematic variation

Efficiency
°
»

0.2

0.1

0 50 100 150 200 250 300 350
ZP,/GeVic
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WWZ a TGC B,
L/ Istituto Na:

@ The Z pt distribution measured for the observed events is fitted for
each of the paramaters:A, Ag, Ak. This is done individually as well as
two dimensional pairs. The Z pr distribution is used since it is
sensitive to these couplings and it can be measured experimentally.

CDF Run Il Preliminary JLdt=1.9m"

@ Analysis strategy: 12

A=2.0TeV

5 ===+ no systematics
10

@ Take generator level leading lepton pr
distribution from MCFM

@ Multiply by leading lepton pt dependent . % g5 Gonfidonce Level
efficiency function to get expected % 013<1Z<0.14
leading lepton pr distribution for a given 6 k
coupling

© A -2log L is then formed for a binned ¢
distribution in data to come from an
expected Z pT distribution given any
coupling value

-2log L/L,

— with systematics

0 T T T T T T
-0.2 -0.15 -0.1 -005 -0 0.05 0.1 0.15 0.2
7\2
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WWZ a TGC B,
L/ Istituto Na:

@ The Z pt distribution measured for the observed events is fitted for
each of the paramaters:A, Ag, Ak. This is done individually as well as
two dimensional pairs. The Z pr distribution is used since it is
sensitive to these couplings and it can be measured experimentally.

@ Analysis strategy: N CDFD Run Il Preliminary JLdt=1.9m"
@ Take generator level leading lepton pr "oz iiﬁﬁ?CZf’i”fSoLffén Az2.0TeY
distribution from MCFM 015
@ Multiply by leading lepton pt dependent o4
efficiency function to get expected 005
leading lepton pr distribution for a given 0
coupling -0.05
© A -2log L is then formed for a binned 01
distribution in data to come from an -0.15 -
expected Z pT distribution given any 0] T N0 Systematies
coupling value opsl__Whoystemates
o 2D ||m|ts 0.2 0.1 0 0.1 0.2 0.3 Ag(:ZA
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27 production NN
L/ 1

@ Very small cross section (1.4 + 0.1 pb

Campbell, Ellis, PRD 60 (1999) 113006) < FOn R L Erehminay [E’;”"’"
@ Two decays mode considered i 120] R e
O UL ~05% =S
o Small BR 8 wofiiiiil
o Clean Sample 2 eof *
Q llvv: ~3% 401
o 6 times larger BR B o TR T
4] Large Backgrounds (WW, M, leading P_ Z (GeV/c?)
WZ,DreII-Yan) CDF R'.un n P.reliminary [Ldi=19m"
g_ ZZ Fit Region «gata D
Observed Results 2
P-Value 0.12 1.1x10° 51x108 3
Significance 1.2 o 420 440
Measured 1.4+07(stat. + syst.) pb (NLO prediction is 1.4 pb)

Cross-Section

06 0’8
LR (ZZ, WW bkg)
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TGC: ZW and ZZ

@ Trigger Lepton with Et > 20GeV

@ Second lepton with Et > 10GeV : 1::cDFFhmnPrewwnary i} [Let=10m’
@ 76 < My < 106 GeV :suppress non Z FR
production * 1:: Dilepton py = [140.210]
@ 2 jets (cone AR < 0.4, [n|<2.5) ‘Z }
¢ z U7CDFH5U”P W‘UU 150 200 250 SUU[LI?EF f‘;‘ﬂ
W, 3 T oo prozto M Fitto Data
% UUUZ:: —— Data
3 » g 002 1] Fit Results
se3p(Z3bins, ..
Ty ™ =
it .'n:, 1l,g':*' ‘J!?JGC = %
xla WY [Med| Y, g
TP )
[ 5(WZ) 140 < Z%(p,) 234 fb
- g| -{SM 5(WZ) 210 < Z°(p,) 135 fb
T T 8[a0” ¢ s(ZZ) 140 < Z°(p,) 280 fb

o (ZZ) 210 < Z°(p,) 77 fb
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V. Cavaliere (Univ. Siena & INFN Pisa)

First observation

@ Selection:
Q Fr > 60 GeV
Q exactly two jets with Er > 25
Gev and 1 < 2.0
@ Fr significance > 4
Q Ad(Fr,jet) > 0.4

@ Select jj+MET events

© Benefited from L2 met/cal
trigger upgrade (doi:

10.1109/NSSMIC.2006.354160)

@ Acceptance to vv and lv events
(WW, WZ, 727)

ismeasured jet tends to
/ align with MET

— A should help rejection

@ QCD rejection: MetModel

@ Remaining QCD: based on
Ad(calMET — trkMET)
@ Reduced to only 16% out of
selected events

o EWK mJJ shape: checked with

v+ijj — significantly reduces
systematics

Diboson production at CDF
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VV — met + jets

First observation

x10°

CDF Runll Preliminary
T T

»

Events/8GeV/c?

=
T

Data (3.5fb7)

EWK Uncertainty 1
Background 1
-] Diboson Signal
--------- Signal Uncertainty

X2/ndf has 37%
prob

Parameter Fitted value
Jet energy scale, JES 0.985 + 0.019
Yield of EWK background events 36, 140 + 1230
Yield of MJB background events 7249 £ 1130
Yield of Diboson candidates 1516 + 239

oc(WW+WZ+ Z7) =
18.0 4+ 2.8(stat) + 2.4(syst) +
1.1(lumi)pb
SM: 16.8 + 0.5pb (MCFM +
CTEQ6M)

V. Cavaliere

120 140 160
Dijet mass (GeV/c?)

60 80 100

5.3 o significance
PRL just submitted: arXiv:0905.4714

(Univ. Siena & INFN Pisa)

Diboson production at CDF
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Leptonic W candidate:

@ one tight lepton (electron or
muon) with Et > 20 GeV,
N < 1.2 and F1 > 25 GeV
e Mt (W) > 30 GeV/c? to get .
rid of large part of the QCD Jet
background
Hadronic W candidate:
@ At least 2 jets (reconstructed
using JETCLU,R = 0.4) with:
Q@ Et > 20GeV corrected for

detector effects.

QO Inl<24
Q An<25
@ Electron removal

leptons

jet
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@ Two different approaches used:

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

@ Use pt > 40 GeV/c cut to smoothen mjj

2000 —— Data (3.9 b distribution
E\gg @ Binned fit to extract signal: template EWK,

QCD and signal.

@ We estimate combining the two decays:
1070 + 232 (stat.) + 86 (syst)
WW/WZ — 1vjj events, for 4.61 o where
4.9 was expected.

[ wwiwz
— Sum

Events/4GeV/c?

@ Finally, we measure:

oww,wz = 14.4 £ 3.1(stat.) £ 2.2(syst.)pb
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@ Two different approaches used:
@ First approach uses the shape of Mj; of the two leading jet to look for
a clear resonance

CDF Run Il Preliminary IL di = 3.90 fo!

@ Use pt > 40 GeV/c cut to smoothen mjj

£ w00l distribution
i @ Binned fit to extract signal: template EWK,
H QCD and signal.
200
H ﬁ» @ We estimate combining the two decays:
I iy e 1070 + 232 (stat.) + 86 (syst)
ol —i%‘g ' +H WW/WZ — 1vjj events, for 4.61 o where
0T +
H 4.9 was expected.
50 100 150 " 200 @ Finally, we measure:
Mu GeV/c
5 o
© oww,/wz = 14.4 £ 3.1(stat.) & 2.2(syst.)pb
-2t
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O Second approach uses a multivariate technique to exploit all the
information in the event: expect more sensitivity
Q Different selection since the shapes of the two discriminants are
different:
o Exactly two tight jets with Et > 25 GeV and n < 2.0
o Harder cut on Mt (W) > 70GeV/c? and Et > 40 GeV
o Use matrix element calculation to build discriminant (EPD) to separate
signal and background
o Likelihood fit to extract signal.
COF Aun i Prliminay, L2 7' @ Found a significance of 5.4 ¢ where
5.1 was expected : First observation

oww/wz =
17.7 £ 3.1(stat.) = 2.4(syst.)pb

Candidate Events
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CDF Run I, pp at\s = 1.96 TeV

g : @ Measuring processes with cross
§ ™ » CDF Preliminary sections similar to Higgs!
107 W = CDF Published .
o F @ New limits set on anomalous
] F IThecry li
ok couplings
-é F - o First observation of diboson with
107 - leptons+jets:
- @ Opens the way to diboson
0F = - " studies with jets
i - +
1
E u]
101k T

s

@ W wmyod Wt Hoyle;

M,=160
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