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Motivation

: Wy
V+y physics Zy
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Massive diboson physics "4
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Jet final-states

see also J-F Grivaz’s talk
OUt|OOk on dibosons with Z—bb

in Higgs session.
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EM gauge invariance and C and P conservation
— 5 independent TGCs for WW {g.4, x>, K, Az, A}

WYy sensitive to K, )LY
WZ sensitive to 9.7, ks, A,

Standard Model: g,“= k; = k, = 1 so consider Ag,4, Ax,
A, =A,=0
2 R Aay
ZyZ vertex: Zy sensitive to h;%,h5Y,h,%,h,! (1 + S/ Np)
ZZy vertex: ZZ sensitive to ,4,f,",f-%,f.  all zero in SM




Tevatron

§ f - |:| 1 - ‘V'r/"‘.

I Calorimeter |/ ‘I

ey Eep— s 1

= e 77;..',_9-5-_--- : — ‘;_;; - -
- -_ . Fibre tracker to | n|<1.8
. ~—*“Calorimeter to | n|<4
Muon system t&% 17| <2

s, of 2

Drift-chamber t'c;\ﬁ]\'lf‘sg\l ——
Futther tracking from=Si<—
Calorimieter to*{n|<3  g&

Muon system to |n|<1.5




W and Z selection

R ISR R 0 2004 2928
Electrons: T azae 23 zen -
good EM shower shape *==" Muon
small hadronic energy P TR o
s . B ) . ..‘.
isolated in calorimeter Y e AT \
well-matching good track 0 NP P X s g
VREL L S Track
(except far forward) PR NGNS
di e
Muons: =P R
MIP in calorimeter ~ Muon R e
isolated N S,
=37 '.._T:_‘_.J
hits in muon chamber 7"'
well-matching good track

Z selection:

2 oppositely-charged electrons or muons
invariant mass consistent with m,

~2--.__Neutrino

Underlying event

W selection:
exactly one electron or muon
energy imbalance in reconstructed
event, associated with neutrino
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95% CL limits (A=2TeV)
-0.4 < AKY <04

~0.08 < A, < 0.07
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E-(e)(n)>25(20)GeV result
M,(W)>50(40)GeV/c?
Elv)>15GeV «— NN fory ID
AR(Ly)>0.7
M. (¢ yg,)>110GeV/c?
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» data - background
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E; (GeV)

o(pp > Wy+X > £y+X) = 7.6 + 0.4 (stat) + 0.6 (sys) pb

E(y)>15GeV, AR({v)>0.7

(SM: 7.6 £0.2 pb)
Accepted by Phys. Rev. Lett.
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result
CDF Run Il Preliminary (5.1 fo™) e
E_ % Standard Model
|h3| <0.037, |h4| <0.0017
C @95%CL (A=1.2TeV)
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95% CL limits (A=1.5TeV)
~0.020 < h,2< 0.021

—0.0009 < h,% < 0.0009
—0.022 < h;¥ < 0.020

—0.0008 < h,¥ < 0.0008

Phys. Rev. Lett. 107 (2011) 051802
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95% CL limits, A=2TeV
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~0.14 <A, = 1,<0.18 Phys. Rev. Lett 103 (2009) 191801
-0.14 < Ag,% < 0.30
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WW/WZ resonances i
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Phys. Rev. Lett. 107 (2011) 011801
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Earlier 95% CL limits (A=1.2TeV)
-0.28 < f,,7< 0.28
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Phys. Rev. Lett. 100 (2008) 131801



[7—Uvv it

CDF Run Il Preliminary [ Ldt=5.91b" CDF Run Il Preliminary JL =591b”
J - o 0N -
>  |Region: 2z .data [t o, 2 DY
o 10°- Ozz @wy = F j
— ? OWZ  [QWs+jets @ 180 Wy
= O°F A
2 gOww [JpY S 160F- {/tV "
Q 104 w 140:_ W2z
LIJ -
) -+ 7z
4 . 120 :—+ L —— Data
10 + 100
| 4 sof- .t
17 H 1 60 +—+
| ot H
1074 20— +i 44
M o o L B R NN NN B : *-;—4-.4___*# q,’-ﬁ*#m
0 20 40 60 80 100 120 140 160 180 200 O_I 1 1 | 11 1 | 11 1 | 11 1 | L1 I-“I L1 I | | I | 111 I 1 1 | | |

1
NN Output

-, cos(A q)ET’ S 2i0) [GEVI -08 -06 -0.4 -0.2

o(pp — ZZ) = 1457715 (stat.) T50(syst.) pb



>
[
0]
o
I
s
o
>
(m

77— Ujj

/—
f4 _0-3
CDF Run Il Preliminary [Ldt=19fb

0 50

100

Mass of fj _
e 17-02
—— e
- Z—up
—— WW

e WZ

Dilepton p; = [140.210]

150

200 250 300 350 400

Diboson Physics at the Tevatron

95% CL limits (A=1.2TeV)
-0.12 < f,%< 0.12

-0.10<f,"<0.10
-0.13<f.*<0.12
—0.11<f.'<0.11
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WW/WZ — tvij
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Diboson Physics at the Tevatron
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@) o TGCs

All 95% CL
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Outlook

¢ Rich programme of Tevatron diboson physics

¢ Huge advances over ten years of Run 2
testing standard model
probing for new physics
underpinning symmetry-breaking searches

Diboson Physics at the Tevatron
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Limits, Expected Limits and Probabilities for Obtaining Observed Limits (tex)

CDF Preliminary Results at 3.6fb~!

A A% Agf AR
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)
CDF Expected Limits at 3.6fb=!

A A\ Ag? AR
2.0TeV | -0.05-0.06 | -0.08 - 0.15 | -0.20 - 0.27
1.5TeV | -0.05 - 0.07 | -0.09 - 0.17 | -0.23 - 0.31

Probability of Observed Limits

A A\ Agf ARY
2.0TeV 7.1% 7.3% 7.2%
1.5TeV 7.6% 7.4% 7.3%

Diboson Physics at the Tevatron



Events / 5 GeV/c?

L7 — 41

Very general goodness-of-fit test:
p-value is fraction of PEs that have KS distance
greater than that of observed distribution: 0.14

More powerful test statistic for resonance search:
ratio of bck and bck+sig likelihoods (bck= SM M(ZZ2);
sig= Gaus with width = detector resolution at mean)

CDF Preliminary, L=6 fb’

I reliminary, ® data
AL | |PYTHIAZZ > 4L
il M(ZZ)
2 ° 1}
1+ ® o -

L1l i e i T I

Q00 150 200 250 300 350

w0 P-value is fraction of PEs that have likelihood ratio

Mzz (GeVIE) Loyi/Lovec lOower than data: (1-2)x1073
CDF Preliminary, L ~6 fb' e M,, <300 GeV
PT(ZZ) [ Pyminzz— aL For P;: no physics model, so p-value
is fraction of PEs sampled from SM
-- distribution that have KS distance
- %L 44 greater than that observed: (1-2)x10~*
i 11}1%—1—@ [ P N R B

" 20 40 60 80

100

120

140 160 _ 180 _ 200
P,(Z2), GeV



Data-BG-Sig

Events / 10 GeV

stat. ® syst.

300

WW/WZ — tvij

D@ Run I, 1.1 fb!

—+-Data

B Diboson Signal
I WHjets

[ ]Z+jets

B Top

[ JMultijet

H%-‘t

- D@, 1.1 b —+- Data - Background % 10*
1 B Diboson Signal S
200} — =1 s.d. on Background ~ 10°

- =
N 0
. >

oF =102
E I | L [ | L -

o +2 Prob = 0.45 10 3

oH |—'-| = -
T L,-l"'l_r' L

-2_ T - L L ) \ \ Eo
0 50 100 150 200 250 7300 0 50

Dijet Mass (GeV)

95% CL limits, A=2TeV
—-0.44 < AKY < 0.55
—0.10< A,=A,<0.11
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