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Diboson Cross Sections

- Cross sectionstell usabout boson self-coupling.

- Standard Model is very specific:
> Requires self coupling in some processes.

> Forbidsitin oth(?rs.
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- Each measurement isthusnot only atest of the Standard

model, it iIsalso a search for new physics.
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The Experiments:

CDF | DO

The experimentsthemselves have been covered
earlier thisweek. | will not do so here (time).

0P, Vs=1.96TeV
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W, Z, and y Identification

- Analyses presented here are only leptonic
decays: e,

- Clean signals at a hadron collider.
- Require high p_, isolated e or L.

- Efficiencies measured through inclusive Z->ee
(L) eventsin data.

- For photon identification, rely on Monte Carlo:
- No clean source of isolated photonsin data.
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¢~ » Threeleadingorder diagrams:

- Initial State Radiation
- Final State Radiation
- Trilinear Vector Boson Vertex
> Cross sections contain all of these:
- Always measured with respect to athreshold on photon E,
and lepton photon separation.

- Dominant background isW+] wherethejetis
misidentified asa photon.
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CDF Wy Cross Section

Channel: | evy Y

n 2.6 1.0

p. 25 20

7. 25 20

n, 1.0

P’ /

M 30<M_<120
Lum(pb?t) | 202 192
Bkg: 67.3£18.1 47.3t7.6
SM exp: 126.8£5.8 95.2+4.9
Observed: | 195 128

o(pp->lvy; EY>7 GeV, dR|y>0. 7)=18.3 = 3.1 pb
SM:19.3 = 14pb

PRL 94, 041803 (2005)

Number of Events/(10 GeV/c2

Number of Events/(7 GeV)
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D@ Wy Cross Section

2
Channel: | evy Ly g
| 1.1 2.0
L 25 20
7 25 20
\ 1.1
Ty 8
M 40<M _ 0
Lum (pbt)| 162 134 -
Bkg: 60.8+4.5 71.3%5.2 ¢
exp: | 59.5+5.4 94.0+7.4 §
bserved:| 112 161

o(pP->lvy; E¥>8 GeV, dR >0.7)=14.8 =2.1pb

D@ Preliminary SM:16.0 = 0.4 pb
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Wy Anomalous Couplings

> Photon Eragreesw/ SM.
(last is overflow bin).

> Form abinned-likelihood

E Y Combined Channels:
D@ Preliminary
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TT

2 —&— Data (e + u channels) D& .
% |:| Monte Carle + Background based On Ery In a )\y VS' m(y
L% 10_— |:| sum of Backgrounds grld (l nC|Ud|ng bkgd) on
: gy eventsw/ M13>90 GeV/ c2.
e T T D@ Preliminary
B = 041
10_1__ jEi::;:I% 0.3
u.zi—
i 0.1
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-0.1F
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Zy

First two are allowed, final state and
radiation.

In the Standard Model, the last i1s for

For thelly final state there are contri
both on-shell Z production, and Dre

Only significant background is Z+j.
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CDF Zy Cross Sectlon

Channel: | eey Iy

! 2.6 1.0

. 25 20

v 1.0

Ty 7
M, 40<M, <130
Lum(pb? | 202 192
Bkg: 2.8£0.9  2.1+0.6

exp: 31.3x1.6 33.6x1.5
bserved: 36 35

o(pp->lly; EY>7 GeV, dR >0.7)=4.6 = 0.6pb
PRL 94, 041803 (2005)

SM: 4.5 = 0.3 pb

Number of Events/(10 GeV/c? )

Number of Events/(7 GeV)
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D@ Zy Cross Section

Channel: | eey 1y Initial State Radiation
| 11(25) 20 & . J" Drell-Yan leptons
-~ D@ ., _
. 25 15 > | Y
/ 1.1 0] ° o
T 8 > § *
M, 30<M, =
Lum (pb%)| 320 290 l |
Bkg: 23.6£2.3 22.4+3.0 I q
exp: 95.3t4.9 126.0+/.8 I . ’ eej
bserved:| 138 152 - I B s

Ll , ,
M 1 (GeV/ ¢?)
o(pp->lly; Ey>8 GeV, dR >0.7)= 4.2+ 0.5pb Final State
hep-ex/ 0502036 SM:39=+0.2pb Radiation
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Zy Anomalous Couplings

Most stringent

) ZZy Coupling Limits " <023 limitsto date.
<0.04[-D@ |t 10300
e [IN%04]<0.020 hep-ex/ 0502036
0.02 o e . 9 ,/Q ‘!_. hy <O_23
i p oD 10,30
- —l—||“-f
0.00f / 7 hY,, ,/<0.019 o
-0.02 \‘/// — SMI'fy + QCD
- U nitary T
0.04] e (@) -
04 -02 00 02 04 1— %T}_l_
hZ -
A =1000 GeV i
The ZZy and Zyy :
AC contoursare similar. 0 100 20 300
E! (GeV)
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g w* q '
q T/zo Tripla-gauge
ling Vertax
E’ w;F El w:F

> Final state has couplingsto both y and Z.

- Highly constrained by studies at LEP.
- Backgrounds: DY, WZ, ZZ, top...

- Favored discovery channel:

- Higgs (covered later this week).
- Heavy resonances.

Andrew Askew
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CDFWW Cross Section

12|

i DWW+Bkgnd
10:_ ——| Bkgnd
8:— 4i » Data
|Channe|: ee el 11 6_ 1 L =184 pb

| 2 2(1) 1 [
I 20 T
Z, 25 (&, > 20° if E<50) L

. O_H | t | 1
sig 3 0 20 40 60 80 100 120 140 160 180 200
Lepton P (GeV/ic)

Leptons/10 GeV/c

t Veto E_>15, |n<2.5 i3 .
Lum 184 184 184
Bkg: 4.5 1.9+04  1.3%° . v ois
E\A exp: |45%4 . 7.0£0.8 3.8 5 o i
bserved: | 6 5 6 -
o(pp->W'W)=14.67>¢ ; (stat)*'*, (sys) £0.6(lum) pb o -+
hep-ex/ 0501050 SM:12.4 = 0.8 pb e ﬂug:_

A |
0 20 40 60 80 100 120 140 160 180 200
Dilepton Invariant Mass (GeWcz)
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D@ WW Cross Section

Channel: | ee el I
i 3 3(2) 2
| 20(15)

7. 30 20 40
s 15 15
TE, > 20, In|<2.5 50 50 100

Lum 252 235 224

Bka:

2.30£0.21 3.81+0.17 1.95+0.41

E\A exp:
bserved:

3.42+0.05 11.10+0.10 2.10+0.05

6
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4

Events / 4 GeV

o(pp->WW)=13.8"4° _ (stat)*'*  (sys)*0.9(lum) pb
hep-ex/ 0410066 (accepted by PRL) SM: 12.4 = 0.8 pb
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W2Z/ZZ Limit (CDF)

Set an upper limit on WZ/ZZ production
combined.

ldentify two leptonsto resolve the Z, and then
make additional requirements (which can be
looser to gain efficiency).

Small backgroundsfrom DY, WW, top.

Three Channels considered:
- Two leptons plusmissing E_.

- Threeleptonsplusmissing E...
- Four leptons.
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CDFWZ/ZZ Limit

3.5
. © [ (a) e Data
hannel: B2 HH > 30 e | U (ZZ+ZW)+bkgd
2.5 1.0 1 bikgd
| 20 20 g
g 2:— [ ]
I 76<M, <106 §-15-
Lum(pb? 194 194 ;
Bkg: 1.02+0.24
exp: 2.31+£0.29 | ———
_ 0 30 40 50 60 70 80 90 100
bserved . 2 1 Lepton Pr (GBV/C)
Il observed eventsarein 23-5 ) e Dam
IZ_channel. s % S aenkgs
S25F
Q
4

o(pp->ZW/ Z2Z2)<15.2 pb
hep-ex/ 0501021 SM:5.0 = 0.4 pb

Error barsomitted for  ° ﬁ

-
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q W+ q w+
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- D@ performed a search exclusively for WZ
to threeleptonsplus missing transverse
energy.
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D@ WZ Analysis

Tri-electron candidate

Channel: | eee  eepu e o
| 25 2502) 252) 2 |wr
3 100f
T 1> g 0
7, 20 !
M, 71<M_<111 51<M <131| «f
EFHAD 50 40__
Lum 320 292 285 289| %
Bkg 0711008 20__ ...l'.:.';:.;'...'l.............:..".;'... .
E\A exp: 2.04+0.13 03, - R
bserved: | 1 0 0 2 PR TR ioeton invariant mass
o(pp->W2)<13.3 pb Probability of
or, interpreted as cross section:o(pp->Wz)=4.5"% _ pb = background to
D@ Preliminary SM:3.7 = 0.1pb fluctuate up to

3 events: 3.5%
19
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WZ Anomalous Couplings

A=10TeV D@ Preliminary A =15 GeV
—0.53 < Az < 0.56 —0.48 < Az < 0.48
~0.57 < Agf <076 1950 C.L.|  —0.49 < AgZ < 0.66
—20< Akz <24 -
. . ‘é\lL:i DO Preliminary
Inner contours: 2D limits. Outer | N=1.5 TeV
contoursare from unitarity.

Best limitsin WZ final states.
First 2D limitsin X, vs. A; using

Best limits available on Ag,*, /X,
and A; from direct, model-
Independent measurements.

TheD@ Run Il 1D limits are ~ factor
of 3 better Run | limits.

DO Preliminary

N=1TeV

Andrew Askew




Summary

- Many new results
on Diboson
production and
coupling strengths.

- All results
represent a subset
of current Run ||
Data:

- You'll be
hearing from us
soon!

(Pb)

)

—
=

—
=

Cross Section

WWoiviv

—f— COF Runll(e- 1)
e D Run [ Preliminary (e
e [ Run | Preliminarny ()
s [ Run || Preliminary (e- 1)
e [ Run |l (e- )

m= Theory |




The followingisabackup slide.
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Previous Coupling results:

> D@ and CDF put limitson anomalous WWy and

WWZ Couplingsin Run 1. -0.25 <Ak, =Ak, <0.39

- WWy and WWZ couplings from WW ~0.18<\, =\, <0.19

- WWY couplingsfrom Wy analyses Y

- WWZ couplingsfromwz  —
. D@ Combined Wy, WW, Wz  |A=2Tey theTevaror

05% C.|. Tightest from

> LEP Combined (1D 95% CL)

LEP EWK Working Group hep-ex/ 0412015

-0.105<Ak, <0.069 | [

—0.059 < )\y < 0.026 < “HISZ” SU(2)xU(1) coupling relations
A, =\, and K, =g; —tan8,, (K, -1)

- 0.051 <Ag; <0.034
Didn't use atorm-ftactor
dependencein their
couplings.

-
(complementary in several ways)
2
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