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@ Standard Model Dibosons

Diboson Final State

Y SM Tests:
Wy " >’\/\/I<//\/\€i 1)  Test SM production predictions
, 2) Look for “anomalous couplings”
W Cross sections similar to Higgs
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W~ Production

Diboson Final State
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SM Tests:

SM Tests:

Look for “anomalous couplings”
« CP-conserving effective Lagrangian
non-SM parameters: K and A,
*AK=1-K =0& A, =0inSM
* 0.49 <K, <1.51 (DO)
* -0.12<A,<0.13 (DO)

Test SM production predictions
* Cross sections (AR > 0.7)
* o(E;y>7 GeV)=18.0 + 2.8 pb
(CDF)
« SM:19.3+14 pb
* o(E;y>8 GeV) =14.8 + 2.1 pb (DO)
« SM:16.0+£ 0.4 pb
» Radiation Amplitude Zero



W~ Production
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FIG. 3. The differential cross section for pp —~W™ X
and pp —~W yX, with a photon energy cut E, > 30 GeV.
Oc,m, is the angle between the W~ and the proton direc- an(y.) = nl(y) - n(1)
tion in the W™y c.m. frame. VS =540 GeV and My = 85
GeV/c?,
pr(y) > 5 GeV, m(y)| <3,
pr(€) > 20 GeV, In(€)| < 3.5,

Pp >20GeV,  AR(y,£) > 0.7.

Dashed:p(y) > 10 GeV
Dash-dotted: no p+(¢) or MEt cuts



WZ Production

Diboson Final State

z SM Tests:

W W
WZ 1) Test SM production predictions
g - Cross sections
W c0=43+214+%1.1pb (CDF)
« SM: 3.65 £ 0.25 pb

SM Tests: + 6=2.7+1.7-1.3 pb(D0)
Look for “anomalous couplings” * SM: 3.68 £ 0.25 pb
« effective Lagrangian non-SM
parameters: Ag, AK ,and A, ,
*AK ;=K 1 =0&Ag=»,,=0inSM
catscale A =2 TeV
« -0.12 < AK,(=Ag %) < 0.29 (DO0)
« -0.17 <A, <0.21 (DO)

. -0.13 <A <0.14 (CDF)
. -0.76 < AK < 1.18 (CDF)
. -0.13 < Ag < 0.23 (CDF)



WZ Couplings

CDF uses Z P; of WZ events to test WWZ coupling

> Parameterize WWZ coupling £ = L1y +L,76c w °
Latec/iQwwz = Ag(W,, WHZZW,W*HZ")
| A
1 . x 225 A * 7! vp W
- AWWLZH W W2
2 Ag=Ax =A=0 in the Standard Model !
> Would see L,,=0 in cross section ‘
» Anomalous coupling limits from Z P, distribution
04 CDF Run Il Preliminary det= 1.9 " 10 CDF Run Il Preliminary _[Ldt= 19"
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@ WW Production

Diboson Final State

W+

WW Y

SM Tests:

SM Tests:

Look for “anomalous couplings”
« CP-conserving effective Lagrangian
non-SM parameters: K ,and A, ,
-AKY =K ,-1=0& A ,;=0inSM
*-0.32<AK, ,<0. 45 (DO)
* -0.12<A,,<0.13 (DO)

Test SM production predictions
» Cross sections
«0=13.6£23+1.6%1.2 pb (CDF)
« SM: 124+ 0.8 pb
c 0=11.8 5,7 ,4*10£ 0.7 pb (DO)
« SM: 12.0to 13.5 pb



@ wwawz- v+ jets

Search for Iv + 2 or more jets

E;>20GeV ME;>256GeV M;> 30 GeV/c? (CDF)
Er>20GeV ME;>206GeV M;> 35 GeV/c2 (DO)

Use neural net or Random Forrest to enhance W/Z->2 jets

Fit for signal & background

DO:
o(WV)=20.2+45pb
o= 16.1 + 0.9 pb (SM)

CDF:
Nagigna = 410 £ 212(stat) + 107(sys)
o x Br=147 +0.77(stat) + 0.38(sys) pb

oxBr<«<288pb (95% CL.) g



earch for Diboson Resonances

Combine e + £t to W, and, jet+jet to W or Z, then,
combine WW or WZ for new particles.
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/vy Production

Diboson Final State

, SM Tests:
ZY Test SM production predictions
’ - Cross sections (AR, > 0.7)
* o(E;y>7 GeV)=4.6 + 0.5 pb (CDF)
i « SM: 4.5+ 0.4 pb
SM Tests: | + o(E;y>90 GeV) = 32 + 9 + 2 fb (DO)
Look for “anomalous couplings” « SM: 39 + 4 fb

« effective Lagrangian non-SM parameters: h:
“pand hv<,
*0in SM
* | hv%,, | <0.033 (DO, A=1.5TeV)
* | hv%,,| <0.0017 (DO, A=1.5 TeV)

« | hZ,| < 0.083 (CDF, A=1.2 TeV)
« | hvy| <0.084 (CDF, A=1.2 TeV)
« | ivZ,| < 0.0047 (CDF, A=1.2 TeV)
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Events
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/vy Production

Anomalous couplings look like ISR events, but have more events at higher photon Et.

CDF Run Il Preliminary, 2.0 fb™
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ZZ Production

Diboson Final State
Z7 i

SM Tests:

Test SM production predictions
» Cross sections)
«0=14+0.7-0.6 pb (CDF)

SM Tests: « SM: 1.4 +£0.1pb

Look for “anomalous couplings” *0=1.61%0.7 pb (DO)
- effective Lagrangian non-SM * SM: 1.4 £0.1pb
parameters: %4, and h"?,
*0in SM
. -0.26 < f1, <0.26 (DO)
. -0.28 < fZ, < 0.28 (DO)
-0.30 <1, <0.28 (DO0)
-0.31 <%, <0.29 (DO)

-0.10 < f1, < 0.10 (CDF)
-0.12 < f£,<0.12 (CDF)
-0.11 < fi, <0.11 (CDF)
-0.13 < f£.< 0.12 (CDF)
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ZZ Production

CDF Results

» Search for 4 |leptons or
2 leptons + 2 v

>4 leptons (eeee, eeuy,

Céndidates Without a C;andidates witﬁ a
Category a trackless electron a trackless electron
2z 1.990 + 0.013 + 0.210  0.278 + 0.005 + 0.029
Z+jets/Zy+jets  0.0147291% + 0.003 0.082°59% 1+ 0.016
Total 2.004:391° + 0.210 0.3605:9%% -+ 0.033
Observed 2 1

> J1AAY
* many backgrounds
- WW-sllvv

- use as much kinematic
information as possible

- use matrix elements

3 events in
signal box:
* two 4-u
e one 4-e
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ZZ Production

> DO Results
> 4 leptons

> (eeee, eeuy,
AU

TABLE . The integrated luminosity, expected number of signal (Z/y* Z/¥") and background events [7f and Z(y) + jets which
includes all W/Z/y + jets contributions], and the number of observed candidates in the seven ZZ — €* ¢~ ¢'*{'~ subchannels.
Uncertainties reflect statistical and systematic contributions added in quadrature.

Subchannel 46"_)C 4(’3C 4/1, 2[1«26’0(:' 2[1«26’](:' 2#26’2(:'
Luminosity (fb"hH  L75=0.11 .75 = 0.11 1.75 = 0.11 1.68 = (.10 1.68 = (.10 1.68 =0.10 1.68 = 0.10
Signal 0.084 = 0.008 0.173 =0.015] 0.140 = 0.012 0.534 = 0.043 ().()58i3% (0.352 = 0.040 ().553i8:$§

Z(y) + jets 0.030500%2  0.01859008
1

Observed events 0 0

0.0003 = 0.0001

0.03:002 0.05 =0.01  0.008-59%%
0.001273:90%0.005 = 0.002  0.0007 90002
0 0 0




‘ Search for ZZ Resonances

4 leptons or lI+2jet for ZZ
significantly expanded lepton acceptance
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Summary

Diboson production is well
described by the
Standard Model

> All modes have been seen
> Cross sections match SM

» Couplings look like SM
- Limits on Anomalous Couplings

> No resonant diboson
production is observed

Now seeing processes
with cross sections
similar to Higgsl!
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