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Di—Boson Production at the Tevatron
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Goals of the Run Il program so far :

@ Establish di—boson signals.

@ Measure cross—sections as inclusively as possible.

@ Compare cross—sections & kinematics to theoretical predictions.
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Di—Boson Production : New Physics Probe

# Test Gauge Boson Self Interactions

@ - SU(2) O uQ),

W, Z,y
o LEP I results hard to beat, but :
W, Zy » Complementarity : W—Wy
@ Probing couplings at higher S
W, Z,y
7 Resonance Searches
g W q wW
H W*
g w g v
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Everyone Else’s Background
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Relevance to Light Higgs Searches

pp—WH—1vbb

o(WH; m =115 GeV) = 0.2 pb

a(WZ) x BR(Z - bb) = 0.6 pb

T

pp—ZH—vvbb

0(ZH; m =115 GeV) = 0.1 pb

0(ZZ) x BR(Z - bb) = 0.2 pb

@ Major backgrounds T
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@ Calibration signals
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Relevance to Light Higgs Searches

"Tevatron Higgs Sensitivity Study'", 2003 :
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Di—Boson Production

: Predictions
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Vector boson pair production in pp and pp
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Heavy BB (NLO) : Campbell & Ellis 99

W/Z+y (NLO) : Baur, Han, Ohnemus 93/98

Cross section in pb
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Di—Boson Production : Tevatron to LHC

@ Knowledge of di—boson production rates important for many LHC analyses.
@ But there are important differences with Tevatron — for example importance of V'V scattering.

Tevatron : 0O(10) pb O(0.1) pb

@ In addition, LHC is so far above threshold > 55 M
that novel detection methods also available :

Butterwoth, Cox, Forshaw 02

high mass mono—jet
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e [Jevatron & CDF

* Y
o W/Z+Yy

¢ €
¢ ©

¢ WZ/ZZ
¢ H_WW
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CDF

n=—In[tan($/2)]

muon chambers

plug
calorimeters | | central 8-layer, 750k channel
In|<3.6 tracker Si Vertex Detector
(COT)

November 19, 2004 Di—-Boson Physics @ CDF 10



Luminosities & Event Rates

~ 350

(pb

300
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200

2003

delivered Luminosity

100 o
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@ At high luminosities, Tevatron is a
factory for many massive states

Including boson pairs.

'

-t
150 /

/ 2001
w———

g - e
) 50 100 150 200 250 300 350

t

@ ~ 680 pb™ delivered so far in Run II.
@ ~ 350 pb~* being analysed now.

@ Results here based on 200 pb™
collected up until September 2003.

Process Events/Week
t1 50
W—ev, 18,000

y R 1700
WW 90

Wy—evy (high-pry) 130
gg— H (Mp=115GeV) 6

11
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e W/Z+y
o WW

e WZ/ZZ

¢ H_WW
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Di—Photon Production

Standard Model :

New Physics :

November 19, 2004

q——y Ay T

.

°®CMS: 3years

@ Critical to know
backgrounds well

Events/500 MeV far 100 fb~1
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Di—Photon Production

# Select two photons with E_> 13 (14) GeV

#* Subtract background (mainly T° - yy)
statistically :

Shower Max Detector

'y I— -

Tcnnlllllllll-'r:.'::::

Y
CPR Detector

(pb/GeV/c?)

do/dM.,

E'>14GeV,E*>13GeV

30 20

u'-

R / T A
" <0.9
= T™® COF 1Daa 207 pb ) ? =
- | — DIPHOX CTEQSM p, =p, = m 2 3
& !|-- - ResBos CTEQSMp, = =m_ -
- ,-' - .= PYTHIA norm fo data -
—Il;-l:.lllllll]lllI]llll]lllllllllllllll]l III]]I-
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# Datain good agreement with NLO prediction.
# PYTHIA describes shapes well; normalisation

off

by factor of ~ 2.
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e W/Z+y
o WW

e WZ/ZZ

¢ H_WW
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W/Z+y

Pp—W(y)+X—=lvy+X (l=eu) pp—Z(y)+X—=1"1"y+X (I=¢u)

q Y | q Y |-

7 ISR >
g v q I
q v q Y-

VvV

W Y 4

g v a -

FSR

=
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X
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W/Z+y : How Might New Physics Manifest Itself ?

y & sty —Ax=0,10
q | Anomalous couplings : Ak, A | § .f: — Ax=0, A=1
mad —Ax=1,A=0
" uW=e(1+Ky—|—2\y)/2mW : k=1, A
2 ks
_ Oy, = —elk —A )/m, o0 L
o v -
o 42 Excess at large photon E_ ' &
LT 1 J U S— L S | A -
L and AR(ly). wi
1ee ‘ @ Tevatron competitive @  °° ' '8 2 {5910(8 1GeV)
b LEP Preliminary  high luminosity —few fb™ “°[ RS N =Y
095 |-t B 0.4;, WYy, WW Unitarity A, = 5.0 TeV
0.9 ; 95% c.I. @ Complementa“ty : 03 2 bt
0ss - | m esscl W-Wy (no Z) oal -
o Lol oo, 1, oaTe @ Probing couplings at N e Y
0.1 0 0.1 ; N :
. higher § % o
“oaf
g \ 02 N Y
5 o W*, Z* |*, ... 03f Wy WW,WZ
B @ Resonance or high U3 95% CL |
e Mass €XCess 0505 04 03 02 01 0 01 02 03 04 0.5
q y Ax'=Ax"
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W/Z+y : Photon Identification

EM cluster with ET > 7 GeV
Il <1.1 and AR(Ly) > 0.7

EM fraction consistent with y

If 3 matching track—must be soft
Well reconstructed cluster in both

views of shower- max detector.
Calorimeter isolation.
Tracking isolation.
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W+y

(1) Select W - Iv events : .
: : (2) Search for additional photons
# Electrons : E_>25 GeV; ;ZT>25 GeV —

7 Use previously described cuts.
xMuons : E >20 GeV;  F >20 GeV
# 30 < M_(Iv) <120 GeV

Electron Muon
W+yMC 126.8 £5.8 95.2+4.9
W+jet BG 59.5+18.1 276 £7.5
W+ vy (tau) 1.5+£0.2 2.3+£0.2
Z+y 6.3+0.3 174+ 1.0
Total SM 194.1 £19.1 142.4 £ 9.5
data 195 128
0*BR 1942129 16.3+23+1.38

o(Wy) xBR(W - Iv)= 18.1£16_,_+24 _ + 12  pb

STAT = ~ " 'SYST

a(Wy) x BR(W = Iv) (SM) =19.3 + 1.4 pb
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W+y
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Z+y

(1) Select Z- 1"l events :
# Electrons : E >25 GeV, (N°*00< 2.6 )

# Muons : E_>20 GeV, [IN"LU< 1.0
#40 < M(I'I") < 130 GeV

(2) Search for additional photons
7 Use previously described cuts.

Electron (xsys) Muon (x sys)

Z+y MC 30.9+1.6 33.2+£15

Z+jet BG 28+0.9 2.1+0.7

Total SM 33.7+1.8 35.3+1.6

data 35 35

0*BR 47+0.8+0.3 45+08+0.2

o(Zy) xBR(Z- I'T)= 46+05_,_+02 _ + 03  pb

. November 19, 2004

0(Zy) X BR(Z - I'l) (SM) = 4.5 + 0.3 pb
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Z+y
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W/Z+y : Kinematic Distributions

+ —_—
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#* Data agree well with SM prediction.
#* These distributions sensitive to anomalous WWYy and ZZy couplings.
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W/Z+y : Kinematic Distributions

W(Y) - lvy Z(y) -1y
Nﬁ 2 I | P13 | T ‘ ¥ | i 1 | 1 11 | 1 1} | L] | L 111 I N’-\ | | I ¥ | L] | L | I 13 | B | UL ‘ =¥ | L L -
10 -§- — B E
§ - " D ] § : b) e Data ]
o O Wy— vy 1 o ot d
S O W+ jet 1€ | [z 0y
o | ~ | o _
ot 8 & T []Z + jet
PRUS | oy 4 20p -
® F CDFRunlil 1 £ - CDFRun Il -
> B 4w m 7
1 i ] ..,6 - .
— a2 - -
O = S 4 =
5, [ L :
— - -9109- -0-9- -8
E ¢ -|_ =
E C l | L 1 & 1 %
: -L_L‘- -|—._; C :
_ ki _ : | . DR} (. | b !
-1 4 I Lt | L ‘ L ‘ L - el I 1 L 13 | b g - - I
10 40 60 80 100 120 140 160 180 200 220 40 60 80 100 120 140 160 180 200 22(21
M. (ly,v) (GeV/c?) M, (1,1,7) (GeV/c?)
#* Data agree well with SM prediction.
# No hint of new physics/resonances at high mass.
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W/Z+y : Testing EWK SM
o _ Mikaelain et al.,79;| * 2 T T T T T ]
Radiation Amplitude Zero : Baur, Errede, i PP Wy > 1 By j
Y Landsberg 94. 10~ V5 = 1.8 Tev B
C ; Born ) ]
)0 OAUSREAMWY = 0| = sl =
- » ;g)‘ T \.i‘ ]
u d @ cosB* = -1/3 = _ i i ]
K> 0.6 — B —
w* Wb 5 / |
T - / i
o 0.4 — , / —
observable as y-lepton Borcs o 246// i ]
rapidity correlation Sl P E
B / f
P . | IETTI PERTIL .
Cross—Section Ratios : S gty R > 4

inclusive : 1/R = o (Z)XBR(Z-1"17)
O'(W)X BR(W—)lv)

=916 £ 0.18 %

o (Zy)XBR(Z—1717)
o (Wy)XBRW-1v)

radiative : 1/R= =25+5 %
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e W/Z+y
e WW

e WZ/ZZ

¢ H_WW
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WW : Why ?

Y
g —
g
- H_
g

W

W q W
G,Z

W q W

1.2 £ 0.3 background :

# Detected with very limited significancein Run | @ CDF : 5 events observed with

o(WW) = 10.2°2°+16 pb

=517

# Many interesting tests of the Standard Modéd are possible.
# Critical channd @ LHC (background & signal).

November 19, 2004
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WW : Decay Channels

WW S tvlv (I=e,u)

LOW BR x EFFICIENCY

WW — Ivlv (I=e,p)

BR =5%

DIFFICULT FOR o MEAS.

WW - Jjjj
IMPOSSIBLE

. November 19, 2004

Di—-Boson Physics @ CDF

28



WW : Backgrounds

CI—>—./W\<
W

Y

o(pp - WW - evev) ~ 0.15 pb

ol

Drell-Yan :
o(pp-yJZ - ee) ~ 250 pb
Must have “fake" missing-E._.

a—<—NV\<
W
vy
W

ol

5

e
v
v
e
q e
>/WZ\<
e
e
v

WH+jets :
o(pp-W(- ev)+=1-jet) ~ 500 pb
Jet must fake a lepton.

—+ |

q

November 19, 2004

b

lepl

oOo<< o

i _
o(pp - tt - evevbb) ~ 0.1 pb
Contains additional jets.
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WW : Analysis Strategies

# Central electron/muon & plug electron triggers.
# An isolated E_>20 GeV lepton(e or p) with full
identification criteria applied :
= central : [N*"[k 1.0; plug :1.1 < [N°0< 2.5

x E_> 25 GeV.
# Second isolated E_>20 GeV lepton (e or L) 4+ Second i1solated track with P_>20 GeV/c.
with full identification criteria applied. # Topological cuts (mainly MET-significance)
# Topological cuts (mainly MET- to remove Drell-Yan events.
significance) to remove Drell-Yan events; # Allow 0—jet and 1-jet events.
applied only to like—flavour leptons with
76 < M(I'I") < 106 GeV. l
# Remove top background by requiring no
additional jets. "LEPTON + TRACK™
* lower purity
‘ ¢ additional acceptance (1-jet
“"DILEPTON" bin; 1-prong tau decays)
¢ high purity

November 19, 2004 Di—-Boson Physics @ CDF



WW : Drell-Yan Background
MET Significance
@ Background due to large / mis—measured )E/T Em: COF N Preliminary 200 pb°
@ Reject events consistent with/I?T being a g 1 E — W
i c » :- @S + Drell-Yan
fluctuation of the total transverse energy flow : @, F ‘ B « e
E/ ;ué_ SEE 4 WW (g, = 13.3 pb
- e— CDF Il Data
=10 E
F_— significance = < => 5.k s
SE S f jet =
T i
@ May not be well described by Monte Carlo - & 2F
estimate DY background using data—based u: e
methods. ; MET Significance
a: @ Drell-Yan is also the most important
c Ei control sample in this analysis.
% CET @ For example, measuring the rate of
g ” production of additional jets :
0.6 =i Tt R Beretinnarainins HIT— v essnrieaiians (R e [Pt Brresnins «
D s :CDFE Run Il Preliminary ww WW & Drell-Yan
'g‘ . E | - Drell- Yan e’e” Monte Carlo (=W q W, I+
a.séé ..... ................ - Drell- Yan e'e” Data . 1
30760773000 120 140 160 180 200 a%mw _
Mass(e'e) GeV g W, 1=
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WW : Fake Background

@ Mainly from W+jet(s) events.
@ Additional fake lepton due to jet fragmentation fluctuations, punch—through, heavy quark decays,

photon conversions etc.

@ Measure "fake rates" in jet samples :

P(jet - isolated track) =

@ Apply fake rates to events that

contain 1 lepton and 1 jet but
which are identical in all other

respects to WW events.

Check : apply
Jet50 rates
to Jet20 sample

@ Correct for some subtle effects

such as charge correlations :

q >

9

November 19, 2004

W

Y
@)

+ = predicted

= measured
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WW : Results

DILEPTON LEPTON+TRACK (STAT ERR.)
WW Signal 11.3+£1.3 163 +0.4
Drell-Yan Background 1.8+04 1.8+0.3
Fake Background 1.1£035 9.1%0.8
Other Background 1.9+£0.2 42+0.1
Total Background 4.8 0.7 15.1£0.9
Total Expected 16.1 £ 1.6 31.5+£1.0
Data Observed 17 39
c6(WW) [pb] 14.3"°? (stat )= 1.6 (syst)=0.9 (lum)| 19.4+5.1 (stat)+3.5 (syst)+1.2 (lum)

- Two0 measurements statistically consistent given estimated acceptance overlap.

= ~ 30 significance.

. November 19, 2004

o (VV\N)THEORY

NLO

= 124+ 0.8 pb
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WW : Systematics

4 Backgrounds

Uncertainties large for instrumental and
fake backgrounds :

- Drell-Yan (fake ¢T) ~40 %
C- W+jets (fake lepton) : ~ 40 — 50%

g(WW) =

/ m..

N DATA N BKG

e X L X BRIWW—=lviv)

~\

L / o
Luminosity J

4 Selection Efficiency
6%

~10%
- signal modelling

uncertainties

.

- acceptance & identification

J

. November 19, 2004
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WW : Results

= 10
o
—
O
;
» 10
)
7
O
&
=
<
1

I === pp CTEQEM (NLO)

........... pp CTEQ6L (LO)

----- ppbar CTEQBM (NLO)

ppbar CTEQS6L (LO)

& Run | CDF

(O Run |l CDF DILEPTON

£ Runll COF LEPTON+TRACK
O

Run Il DO

CDF Run Il Preliminary

LHC

NLO Prediction
@ 1.96 TeV :

12.4+ 0.8 pb

November 19, 2004

1 10

Center of Mass Energy (TeV)
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WW : Kinematic Distributions

CDF Run Il Preliminary - Lepton P, Leptons Transverse Momentum

@ Good agreement with signal plus
s e background expectation.

0 20 40 soL 3(1) n1%0 1éov140 160 180 200 o These distributions are being fitted to
epton Py (GeV) extract anomalous coupling limits.

" E : CDF Il Preliminary 200 pb "’
12__ e B Wz 27 411
i DWW+Bkgnd E B8 .+ Drel-Yan
L c a0 B | fakes
10__ M DBkgnd I.% n + WW (measured o)
- *—0— 30 ._ —— COF |l Data
> L o Data [
CH r : N_ <1
=2 1 L = 184 pb 20} jet =
e 6 0| LEPTON+
B L DILEPTON E TRACK
3 | 0 B Y T Lo
41— 0 20 40 60 80 100 120 140 150 1B&e&|!ﬂ
ol
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WW : Kinematic Distributions

CDF Run Il Preliminary - Dilepton Mass Dilepton Invariant Mass
B > 20 > h -1
- 3 i CDF Il Preliminary 200 pb
ol — -4 . +ZZ 41t
8: N5 S"“ " —.—iuliz)rellziiantt
- — [
vy c 14 ——— 8- . fakes
E Bkgnd I.% 12 + WW (measured o)
6L + it = I —e— CDF |l Data
> C
S sf L =184 pb” ! N <1
o I 6
3 F R LEPTON+
E TRACK
s | DILEPTON 2
u 3 ——]—e— 0 ‘Eﬁ.n_n_
- 0 50 100 150 200 ‘;50
= M, (GeV)
p) =
/| S I N [ e
‘ ! i —+ @ No sgn of unexpected structurein
o_l 1 i 1 LY 11 | L1 1 111 i o - - -
0 20 40 60 80 100 120 140 160 180 200 dilepton mass distributions.

Dilepton Invariant Mass (GeV)
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WW : Events

Run 155364 Event 3494901 : WW — ety u~ 5, Candidate
)Z? pr{e) = 42.0 GeV/e; pr(p) =20.0 GeV/e; M., = 81.5 GeV
. Pr = 64.8 GeV; &(Fr) = 1.6
A®(Fr ,lepton) = 1.3; A®(e, ) = 2.4; Opening-Angle(e, 1)=2.6

# epl channel has little Standard M odel
M background

# Signal/Background = 4
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WW : Events

WW = e‘evy

?

. OF . 7°7° . e'evw ?

= M_=88 GeV

November 19, 2004
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e W/Z+y
e WW

e WZ/ZZ

¢ H_WW
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ZZ+Z\\N

g =

q() ———

z 1
_ 76 < M(I'I") < 106 GeV
N |-
11" : 76 < M(I'I) < 106 GeV
1", v, |
Wz Y lv : lepton + ﬂT > 20 GeV
N5y w : large g/T—significance

CDF Run II Winter 2004 Preliminary, £=194 pb~!

Process 51525354 51525315*1* flggET CDIIlbiIlEd

77 0.07 = 0.01 | 0.13 =+ 0.01 | 0.87 = 0.14 | 1.07 = 0.15

ZW - 0.81 + 0.07 | 0.86 = 0.14 | 1.67 = 0.19

L2+2ZW 0.07 =0.01 | 094 £ 0.08 | 1.73 = 0.27 | 2.72 &= 0.33

WW - - 1.26 = 0.20 | 1.26 + 0.20

Fake 0.01 =0.02 | 0.07 = 0.06 | 0.56 = 0.30 | 0.64 = 0.34

Drell-Yan - - 0.31 = 0.13 | 0.31 = 0.13

it - - 0.08 = 0.02 | 0.08 = 0.02

Total Background | 0.01 = 0.02 | 0.07 £ 0.06 | 2.21 & 0.38 | 2.29 =+ (.42

Expected 5. + B. | 0.08 = 0.02 | 1.01 + 0.10 | 3.94 + 0.57 | 5.01 + 0.64
Data 0 0 4 4
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CDF Run Il Preliminary, 194 pb ™

3.5F
ZZ+ZW E «Data
i 3:_ DS.+B.
%2.52_ B.
o 2F &
o (pp—ZZ/ZW+X) < 139 pb s
(T(I3[_3—>ZZ/ZW+X)NLO = 50+04 pb 1— i N
0.5
9675 80 85 90 95 100 105 110
M(l.L) (GeV)
[ ] -— 1 = | | S
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* Y

e W/Z+y
e WW

e WZ/ZZ

e H_WW
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H - Ww®

_ g W
# Take advantage of largest (gluon—gluon) production H
cross—section. o
# Large branching ratio to WW" above 140 GeV.
# Relatively low backgrounds.
d ) g W
1025"'| 1 —rr - - 1 1 Fho g o
F o(pp—H+X) [pb] " i =W
- i WW
0k H=RLEY ' Standard Model
M, =175 GeV I _
gg—H CTEQ4M BR{hSM) |
1 i ;J‘I,
| rj‘
<l / g
10
/72
) f
10
. —— gg,q(_]—)Htf
10 F e 10 3 | .
4f gg,qq—Hbb . .
e 80 | I 100 | I 120 — 140 l I 160 l | 180 200 80 100 120 140 160 180 200
M, [GeV] f M 8 [GeV] ?

o(gg—-H) ~ 0.3 pb @ 160 GeV

November 19, 2004
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HWW

= WW
ZZ+ WD fttbar
fakes

CDF Run Il Preliminary
M, Cut

M, =160 GeV

arb. norm.

T =

H - WW" Kinematics

i -
. [—data
S5E e HWW X 10
‘: » W
- LAWY+
: ttbars fakes M =160 GeV
35 H
gE CDF Run Il Preliminary
250

0 05 1 15 2 25
HWW Di-Lepton Phl Angular Separation

]]I.
3

Tend to have:
He MII < MH/2

-+

4

# Small dilepton opening angle.

Y
dz/ﬁ

2

y Cut
140 GeV | M < 55.0 GeV
150 GeV | M < 57.5 GeV
v, 160 GeV | M, < 62.5 GeV
170 GeV | M < 70.0 GeV
180 GeV | M, < 80.0 GeV

Di—-Boson Physics @ CDF



H - Ww®

(1) Start with WW analysis.
2 Apply dilepton mass cut.
(3 Fit dilepton A® distribution. Find

maximum allowed Higgs contribution.

CDF Run Il Preliminary : 200/pb

Higgs Mass 140 GeV 160 GeV 180 GeV

osm(gg—H) 0.45 pb 0.30 pb 0.21 pb

BRsu(H->WW) 0.48 0.90 0.94
Expected Signal 0.10+0.01 0.22+0.03 0.17+0.02
WW Background 3.5110.41 4.4510.52 6.4910.76
Other Backgrounds 0.68+0.16 1.3410.35 2.40+0.55
DATA 2 3 8
Counting Limit (95% CL) 18.4 pb 6.2 pb 8.8 pb
Ad— Fitting Limit — Obtained (95% CL) 17.8 pb 5.6 pb 6.4 pb

November 19, 2004 Di—-Boson Physics @ CDF
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H - Ww®

S e e )
) - oy ]
S, 184 pb? 95% C.L. upper limits :
gy CDF Run Il Preliminary | _ o _
§ | # Cuts will be optimised for Higgs search.
{ # Maximal use of kinematic information to
T separate Higgs from SM WW.
= 10 | - # Will soon set model limits — for example
% —  on 4" quark generation :
2 g s
e
T = I— H
4™ generation M ) m——---
0 1 | o
e S -
0 : g 2999999/
" o(gg - H; 4G) ~ 9 x o(gg - H; 3G)
. Standard Model
10 K MR P DRl (S PSR I oS O
140 150 160 170 180
Higgs Mass (GeV/cz)
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CDF Run Il Higgs : Summary

CDF Run Il Preliminary

P LYV 1§ 1 | I K 1} | | N B | | L L7 1 | 1 1] | | L L L | | L Y B R L I §_d
O - g
3 . |
j S—

L 10 F \ -------- =
m E et s E
* - —— ) .
= : WH —> Ivbb e i
e |—Int_-162 pb_1 t

—'_J 1 = ——
QO 2 E
QO C .
m - -
tlo 10 L i
8 e [ g™ w020 eeuee Expected Limit =
"o - -  (Observed Limit ]
© g iE I J 1 g SlM Preldictiorlw i

120 130 140 150 160 170 180 190

my (GeV)
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Future : Global Analyses

@ Many of the signals we are trying to isolate are not cleanly separable from each other :
pp - WW
pp — tt -~ WWhbb
pp-Z -1
pp - H-WW

@ "Cut & Count”" experiments may not be making best use of the available data.

@ Another approach isto fit the datain a space of N variables to shapes corresponding to each
contribution :

\,’T

N

A

va vy

1 2
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Global Analyses

Future

Z->tTMC

eu space

mFIH-ll-Inc-'rI

v
low background

J

N
i

i %___.n_.‘____.

i

Data

i
{

...

,a.w.wm..._.w

Fixed BEknd.)

)
i -m.,.ﬂx 5

.5
=

_-_‘W _-_.ﬁ%
Vs

|

#* 2 isolated
leptons
# NoO other cut

|

51

Di—-Boson Physics @ CDF

November 19, 2004



Future : Global Analyses

@ Fit the data to 2D shapes corresponding to different
physics processes :

|WW vs. tt 1 c confidence contour |
16

12—

EDF Il Preliminary .

WW(pb)

12
10
s

6

llllll 11l Illllllllllll
10 11 12 13
tt(pb)

example likelihood contour

@ Statistical precision compares
favourably with individual cut
based analyses — full power of
data being used.

@ Method may be particularly

d*N_,
d dN — O(NtT+BN\AAN+yNZ—>TT+nOther
/ET jets
CDF Run Il Preliminary 200pb™
other
o’s fixed guonly |ee+ pp+ep| Theory
a(tf) (pb) 86727 £0.0 | 86725 +£11 | 6.74£0.3
a(WW)(pb) |11573840.6(126723 £12 ) 125£0.8
a(Z — 7r)(ph) | 28375 +17 - 953.1+£0.5

useful for searches.

November 19, 2004
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Future

WW
# measure WWy/WWZ couplings

7 examine kinematics & event properties
in more detail with larger samples

7 use jets channels WW - lvjj

# WW-+y ; quartic couplings

# optimise & utilise global analysis ‘
techniques

W/Z+y
7 measure WWYy couplings

7¢ radiation amplitude zero

7 ratio measurements

# W/Z+2y ; quartic couplings

WZ/ZZ
+ measure WZ cross—section with ~ 1 fb™

H-WW
7 optimise selection for scalar production

All Analyses :
7 extend acceptance

# deal with effects of higher instantaneous
luminosity
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Summary

3
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o
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Di—-Boson Physics @ CDF

@ Di-boson signals established

in Run Il :

= \W/Z+y with substantially

improved significance over
Run I.

= \W\W for the first time at
the Tevatron.

Looking forward to analyses
made possible with more data :

= precision di—boson
measurements.

= discovery of ZW/ZZ
production

- discovery of, or stringent
limits on, new physics.
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