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Diboson Production

WWy Coupling WWZ Coupling

test of non-ablelian component W W
of SM SU(2); x U(1)y W W

sensitive for anomalous couplings [1—e 7
background for searches, especially Higgs Y [] —e COt( 2 )
-> understanding important w

couplings: WWy, WWZ,

p , p forbidden: 77V, 7Yy

t-channel: cross section violates
u-channel  unitarity for s = o0

2
] ] oWW ) 0 S
q 2 q Vs 377
(for massless quarks and large s)
s-channel cancels unitarity violation
in t- and u-channel
v for WW, WZ and WYy production

t-channel

s-channel




‘ WWy and WWZ anomalous couplings

in WYy production, only WWY couplings

1 T wWHYY —wT Hv A(S) =
WWV/ gWWV gV (W,uvw V W/.IVVW ) (5)
A nN=2 for WWy, WWZ
HiWIW, VA + 50w wiy”!
M /\ : form factor to avoid unitarity
V=2Zory violation at large s
SM: 5 CP conserving parameters: O,
)\Z - O )V - O % 2 L Selid clw=2.0, x=0.0
AKZ — O Aw: 0 (AK — K_1) g . L Dashed . &&“:O‘O, A=71.0
3 Dotted A Ax=0.0, x=0.0
Ag1z =0 (Aglz = glz _1) % °T
Q
H

in WZ production, only WWZ couplings

in WW production, both couplings

anomalous couplings lead to excess of events | ..., ol

for large E of gauge bosons
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WW Production

two triple gauge couplings present: WWZ and WWy 1 W
(same final state also in Higgs production)
observed final states: dilepton events (ee, e,H) + missing E
event selection: Zy
- two leptons (e or p) with p; > 20 (15) GeV _ W
- Bt miss > 20 - 40 GeV g
- Z boson veto
\s CDF hep-ex/0501050
T MC WW
3:_ « Data ee
r m Data up
=250 + Data oy Process ee e J
g PR L =184 pb™ WW signal 3.42+0.05 11.10=0.10 2.10+0.05
o 2 n Z/y* — ee 0.20 £0.06 — —
g e | " Z /v = pu — 0.284£0.09  1.60 + 0.40
S '. 5 Z/y* — 7T < 0.01 0.0+£0.1 < 0.01
i 3 » ¥ tt 0.18=0.02 0.344+£0.03 0.094+0.01
=1 ; Wz 033+0.17 0.3840.02 0.154+0.08
A 0.19+0.06 0.02+£0.02 0.10£0.04
W +jet/~ 140 £0.07 2.7240.07 0.01+0.01
* Njets=0 Multijet < 0.05 0.07 £0.07 < 0.05
%4'0' 5 a0 o0 430 4ac Background sum  2.30 £0.21  3.81 £0.17 1.95 £ 0.41
Er (GeV) Data 6 15 4



WW cross section

(CampbellEllis, Phys.Rev. D60 (1999) 113006)

a

o
NLO cross section: 12.4 £ 0.8 pb "’g
©

DO: L, =240 pb!

observe 25 events with
8.1 £ 0.85 = 0.5(lum) background events

o =13.8733(stat) "5 (syst) = 0.9(lum) pb
5.2 o significance PhysRevlLett 94, 151801

CDF: L. .= 184 pb’!

int

e DO Runli
CDF Run Il

CDF Run |
—NLO theory (WW)

s’ (TeV)

10

two analyses: dilepton and lepton plus track, i.e. second lepton identified by track and

does not have to meet lepton ID criteria
dilepton has better sensitivity
observe 17 events with 5.0 background events

0 =14,6720(stat) 55 (syst) £ 0.9(lum) pb
PhysRevLett 94, 041803



WW in jets plus lepton final states

first analysis with W/Z decaying in jets q 1
\YY . v
final state from W-> (v and W/Z->qq
advantage: much larger branching ratio q W/7Z 1
disadvantage: much lager backgrounds q
main background: W + 2jets production
fit background in sideband Background plus WW/WZ hypothesis fit to data
Ezuu; o (I:ﬁFIRlilnllllprlellin'llinlar;r, 194 'pd"' E
Y180 * ¥ Dala
E 1Gﬂf— — Background

P : : _ 140
fit in signal region yields: 120
observed 66 + 78 + 34 events 1::
with 91 events signal expectation

0 <40 pb at 95% CL

WW+WZ7 = 662 + 78_1 (stat) events

- Backg +signal

Y
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g I
(-]

1 I 1 1 1 I 1 1
60 80 100 120

1 I 1 1 1 I 1 1 1
140 160 1320
Dijet mass (GeV/c")



W transverse momentum ( ~A=38K=0.5)

anomalous coupllngs limits from WW

most sensitive variable for anomalous
couplings: p;of W
formed using lepton and E+ ;s (V) 10
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Events/200 pb
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anomalous couplings most visible at large 1
pr of W

10"

figure shows signal with anomalous T

couplings A = Ak = 0.5 o 100 200 300 400 500
W(I,MET) Pt [GeV]
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WZ Production

-only single triple gauge coupling WWZ
-LEP did not measure this vertex
independently of WWYy vertex

-Final state not observed elsewhere

NLO cross section: 3.7 = 0.1 pb

2 |

trilepton final states: eee, eell,lle, LU
very low background, very low BR~1,5%

DO: L;
lepton pair mass consistent with Z mass

observe: 3 events with 0.71 + 0.08 background events
and 2.04 signal expectation

main backgrounds:

- Z+jets: 0.35+0.02, Z+y: 0.15+£0.02, ZZ: 0.20+0.07
0 =4,57 (stat +syst) pb
0 < 13.3 pb at 95%CL 20

100

o
o

60

Missing Ey{(GeV)

Y
=]

=~ 300 pb'1 , lepton py>15 GeV, missing E;>20 GeV,

- DO Runli

\II|||\|||\|III|\
SR EE *

probability of fluctuation 0.71 = 3 is 3.5 %, less than 3 0 o

Ll ) "HEEEEs s sjagee - ,...EFTII. Ll
20 40 60 80 100 120 140

hep-ex/0504019, submitted to PRL
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WZ Anomalous Couplings Limits

< 1 g ___?“Run Lt inner limit
" T~ from analysis
0.5 ,——-—'—‘---—ﬂ..\ at 95%CL
As no deviation from the SM ( \ for A=15TeV
expectation observed: 0 \, \ _outer limit
set limit on anomalous couplings \ ) from S-matrix
-0 g unitarity
\“"“M_______ ‘_'_'___,_,..-——"'"/'
-11 -08 -06 -04 -02 0 02 04 D.ZB 08 1
Ag.l (:AKZ)
N=1TeV NAN=1.5TeV
Ag,2=0AK, =0 -0.53<A, <0.56 -0.48<\, <0.48
A,=0K,=0 -0.57< Ag,~ <0.76 -0.49< Ag,% <0.66
A, = -0.49<Ag2 =0k, <0.66 | -0.43<Ag?=0AK,;<0.57




WZ/ZZ Production

CDF: search for ZW and ZZ combined with L, . = 194 pb!

final states: ¢ vv, ¥ &, ¥ fv

observe 3 events with background expectation of 1.0 £ 0.2 events and signal
expectation of 2.3 £ 0.3 events

limit 0 < 15.2 pb at 95%CL (PhysRev D71,091105)

(SM: 0=5.0+£ 0.4 pb, a(ZZ) = 1.39 £ 0.10pb, o(ZW) = 3.65 + 0.26 pb)
sensitive to neutral triple-gauge-couplings and WWZ couplings
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q Wy Produktion

Initial State Radialltion

WWy Vertex
/4
q
CDF: L, =200 pb™', W = ev, pv
Eq(y)>7 GeV, |AR(Ly) > 0.7
observe 323 events with

114 events background expectation

Theory (NLO): 0 * BR (W—> {v) =193+ 1,4 pb
o*BR (W-> fv)=18,1 £3,1 pb
PhysRevLett 94, 211801

main background source:
W+jet events: 87.1 of 114 background events
jet > yfake rate:

0.4% at 7 GeV, 0.1% at 18 GeV, 0.04% >40 GeV

. Final State Radiationy

W l

x 1000

el

Fl:I'LE

2.5

-
T

0.5

% 0.4% at 7 GeV

jet = yfake rate
«— Pge X 1000

fit to P, X 1000

-||1||_i|-||'|||

ﬂIII




anomalous couplings limits from Wy

Events/8 GeV

, D@ Run I
10 £
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only single triple gauge coupling WWy

DO0: limits for anomalous couplings:
1D limits at 95% CL

-0.88 <Ak, < 0.96
-0.20 < A, < 0.20

D@: L, .~ 150 pb™!, W > ev, pv

EY; > 8 GeV, AR(ty) > 0.7

Theory: 0 « BR (W-> tv) =16.0 £ 0.4 pb
o*BR (W= v) =

14.8 + 1.6(stat) £ 1.0(syst) £ 1.0(lumi) pb
PhysRev D71, 091108

limits on anomalous couplings using

binned likelihood on photon E;

spectrum

limits calculated for M (W,y) > 90 GeV
04 D@ Run i
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Zy Produktion

Initial State Radiation Final State Radiation _ _
] neutral triple gauge couplings
7 ! are forbidden in SM
Y Zy
Y new couplings would show as high E;
q i bosons
q Y
Zb Drell-Yan "
osons leptons .E R = m —a— Z(y)ouuy
g 10 S s I\Q."I((:)?QCD
/ L - MC(hZ, = 2.1, h}, = -0.24)+QCD
<0 B MC(h, = 0, hy, = -0.24)+QCD
o 102 E_
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Number of Events/(10 GeV/cz)

b)

-k
o
TTTT]

«Integral: M>220 GeV/c’]

'

-k
TTTT]

50 100 150 200

M(I*,I';y) (GeV/c?)
CDF: Z> ee, i L, . ~200 pb!
M,p> 40 GeV/c?

Ex(y) > 7 GeV, AR (Ly)>0.7

MC: 06 x BR(Z2>0"0)=4.5+0.3 pb
(Baur and Berger)
71 events with 4.9 events background

measurement: c = 4.6 £ 0.6 pb
PhysRevlLett 94, 211801

Zy Production Cross Sections

DO: Z- ce, uu L;.¢~ 300 pb
Me> 30 GeV/c?
Ex(y) > 8 GeV, AR (Ly) > 0.7

1

MC: 6 x BR(Z2>0"0)=3.9+0.15pb

(Baur and Berger)

290 events with 45 events background
c =4.2 £0.4 (stat +syst) = 0.3 (lumi) pb

hep-ex/0502036

© - DO e Ily

= 102? ~ == acp

g - c o = SM Iy MC + QCD

= 10

. =

g C

u>J 1? LL
107 g
102 F
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2y Anomalous Coupling Limits

Non-SM characterized by an effective Lagrangian with 8 form-factor coupling
parameters called h1Vv, h2V, h3V, and hsV where V stands for yand Z.

CP violating h;Y and h,"
CP conserving hsY and hyV

SM: all couplings equal to zero

Limits on CP conserving and CP violating couplings found to be similar,
same for real and imaginary part

"Eoodf T A R R
0.04_ DO unitari y “mlIS ------ > : G o
0.02] e / //_ _\\ q10,3() |< 023 0.021" //—

o.oo' // // \ q20,4%) |< 0020 o.oo: //
-0.02_ C / ----- Sl ’]10’3(1)/|< 0.23 -0.02: k //

I g [ R
0.04|en @ [y 4(1)/ < 0.019 | o T .(3}.
04 02 00 02 04 04 02 00 02 04
z h
h30 30

ZZy limits 2D at 95%CL Zyylimits 2D at 95%CL



Comparison with LEP

LEP: e* e > ZIV* ©2Zy

—0.056 <h,;<0.055
—0.045 <h,/<0.025
—0.049 <h,F<0.008
-0.002 <h, < 0.034

-0.13<h?<0.13
-0.078 <h£<0.071
-0.20 <h2<0.07
-0.05<h2<0.12

LEP: 2001 results
2005 results slightly different, but no limits calculated

0.944 < g,#<1.035
0.786 < k, < 1.009
-0.069 < A, < 0.026

limits for couplings WWZ and WWYy from LEP much
stronger than from Tevatron

D@ has most restrictive limits in “h,” and “h,”

LEP has most restrictive limits in *h,” and “hj”




Summary

- et W v
3

- Cross sections in L
diboson production of = o Z T
- WW TP
-W2z/z2Z a
- Wy ‘E-" 10 -'-_'_WT%M .........................................................
VA" ———y Zy— I'Ty
have been measured in -
|ept0niC ﬁnal StateS .Q 1 ......................................................................................................

]
- first studies of lepton 3 10" WW iy e
plus jets final states /)]
started n ZW/ZZ - I'T (Iv, I'T, w)

g 10 .............. z W%H'ﬂ?)
- I|m|t_s on anomalous 6 4 H— WW — Iv Iv (160 GeV)
couplings 0 b
some better than results
from LEP +[ .4 DOPreliminaryRunllw) . .

10 ¥ D0 Preliminary Run Il (e+1)
¢ CDF Preliminary Run Il (e+y)
’ 0-5 == Theory | |



