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Why Study Diboson Production?

W, 7.y

e Probe non-Albelian nature of SU(2)L®U(1)Y — gauge boson

self-interactions (triple, quartic) W.Z,y

— Diboson production a sensitive probe of new physics (NP) W.Z.y

(anomalous trilinear gauge couplings)

* Tevatron (pp) complementary to LEP (e*e)

— Tevatron has sensitivity to different coupling combinations compared
to LEP (e.g. direct WWZ)

— Tevatron explores higher §, where one might expect NP effects to become

evident o W
I
* SM diboson production important background for many o <
high pt analyses (e.g. HWW®, SUSY, tt) o W

— Demonstrates experimental sensitivity . P,
to multi-lepton final states pp = X X3
(e.g. pp —» W*Z" — trileptons + E similar to

v [
pp —x,"x,” — trileptons + E SUSY signal) Zi W'<l X2 Zz’< ]
4 VA
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The Fermilab Tevatron

World's highest energy particle collider
until turn-on of LHC @ CERN

g
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Main Injeétdr
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Run Il Started 2001:

*\s=1.96 TeV

L .=181.8x10* cm™s™
(record luminosity)

e [Ldt=~1.6"fb"
— 4 - 8 fb* expected by 2009
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Collisions:

* gluon-gluon

* gluon-quark

* quark-antiquark

Initial Luminosity (E30)
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The Detectors: CDF and DO

Detectors upgraded for Run II for improvements in:

* Trigger & Data Acquisition e Electron and muon coverage

* Charged Particle Tracking e Particle identification

I Time of Flight I f}(:;:vnall)risl\/lini-drift Central Scintillator | | Forward Scintillator

R A R B R A R E T T

I Muon Chambers I NORTH

51—

o f———

—] R

ot _-=

Beamline || |

ST
LA RN R R R e SR —
New Solenoid, Tracking System | | | Col
Si, SciFi,Preshowers 0 5

+ New Electronics, Trig, DAQ

I Tracking Chamber |
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WWy and WWZ Anomalous Couplings

Parameterize NP in terms of coupling parameters in an effective Lagrangian:

s V v %
L8, =ig (WWW“V -W, vV W) - (3] x,
; V=Z,y X S)= A A 2\2
FORW WLV gy ey SR
Vv M v 2 Au \%
M N
w \E = CM energy of subprocess
5 CP conserving coupling parameters A = scale of NP (form factor)
oY= — — —\ —
SM at tree level: g /=g/=k =k =1, A=A =0
Trilinear gauge couplings:
a - ﬁ = A=15TeV —Ax=0,2=0
w s ,f 0, A=1
WW: both WWy and WWZ e 1 2=0
q Zy E
q W 10 =
>Afi~< Wy (WZ): only WWy (WWZ) :
q w
Anomalous couplings enhance . “_;i

cross-section at high gauge boson E, I5g10(E /GeV)
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# 80 L Wys lvyMe -
q ! B _ i
Y 60! s 128 Wy— pvyCandidates
FSR >AN\</— - e 195Wy— eyyCandidales -
w n _
a, v 40_ c e e e b e b by by g
40 60 80 100 120 14l.'J2
M.(I, v)(GeV/c?)
a(pp->Wy) SM, pb Ev;
CDF |181%+£16+*24+1.2 |193*1.4 7
DO 148+16x10+1.0 |16.0x0.4 8
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WWy Anomalous Couplings

\ D@ Run Il
10"
8 = —=&— Data (e + p channels) %
© " \:| SM MC + Backgrounds g
€10 = [] sumofBackgrounds +
N 4 o
1 é_ - RS ;%)
ol ?Dct H{
10'2_...|...|...|...|...|...|...|
0 20 40 60 80 100 120 140
EZ (GeV)
. . ~04
DO: limits for anomalous ~ s
couplings: b2
. . 0.1
1D limits at 95% CL o
—0.88 <Ak, <0.96]
-0.2
~0.20<A, <0.20 h
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ZZy and Zyy Anomalous Couplings

Non-SM characterized by an effective Lagrangian with 8 form-
factor coupling parameters called hiv, hyv, h3v, and h,Y where V
stands for yand Z.

CP violating h,V and h,V
CP conserving h;V and h,Y

=0.04f Df,&‘ __________
N ///—\
I /
0.00
Ay
002 T
[ \\ // _______
0.04] oL @)
04 02 00 02 04
h%
ZZy limits 2D at 95%CL
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SM: all couplings equal to zero

o Z1< 0.23 ::: _____ [
R0 461< 0.020 O_OOE // /
o s01<0.23 / 3 // _____
h30,461<0.019 | \‘/

Zyy limits 2D at 95%CL
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WW Production

Involves 2 triple gauge couplings
q w q 114

NLO cross section: 12.4 = 0.8 pb

(Campbell,Ellis, Phys.Rev. D60 (1999) 113006)

Q
S
Q

Previous Run Il measurements:

CDF: [L dt = 184 pb™
Observe 17 with expected background
of 5.0 events PRL 94 (2005) 211801

o=14.6""(stat)” " (syst)+ 0.9 (lum) pb

0

DO: [L dt = 240 pb™
Observe 25 with expected background
of 8.1 events PRL 94 (2005) 151801

o=13.8" " (stat)” > (syst)= 0.9 (lum) pb

0.

Same final state in Higgs decay

¥

e DO Runli
CDF Run |l

CDF Run |
— NLO theory (WW) -

- ol IIIII‘ I III|||||
. TS

10

s’ (TeV)
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WW Cross Section

New measurement from CDF using [L dt = 825 pb™

WW — dileptons + MET:
* Two OS leptons (e,u) with Pt > 20 GeV

Z veto (76 < Mll < 100) if MET/XE, < 3 for ee, uu
MET > 25 GeV
Ad(lepton,jet) > 20° if 25 < MET < 50 GeV
0 jets with Et > 15 GeV and |n| < 2.5

Mode

ce

e

[

l

Ww

12.82 + 0.06 £+ 1.06

28.82 + 0.09 £ 2.39

10.71 = 0.05 £ 0.89

52.36 £ 0.12 + 4.35

Drell-Yan
tt

WZz+ 77
Wey
W+jets

4.83 £0.02 £ 1.20
0.05 = 0.01 = 0.01
3.62 £ 0.02 £ 0.36
3.07 £0.12 £ 0.71
2.96 £ 0.23 £ 0.71

3.00 £ 043 £0.93
0.11 £ 0.01 £ 0.01
0.93 £ 0.01 £ 0.09
3.25 £ 0.10 £ 0.65
6.69 + 0.41 £+ 1.98

2.82 £ 037 £ 0.73
0.04 = 0.01 £ 0.00
3.39 £ 0.01 £0.34
0.02 = 0.01 £ 0.00
1.33 £ 0.17 £ 0.53

1121 £0.77 £ 2.91
0.20 £ 0.01 = 0.02
793 £ 0.02 £ 0.79
0.83 £ 0.16 = 1.37
10.99 £ 0.50 £ 3.20

Sum Bkg

15.03 £ 0.58 £ 1.65

14.54 = 0.60 £ 2.28

7.60 £ 041 £ 0.97

37.16 £ 0.93 + 4.61

Expected

284+ 0.59 + 1.96

43+ 0.61 = 3.31

18+ 0.41 + 1.31

90+ 0.94 = 6.33

Data

29

47

19

99

Expect:
37.2 background

Observe:
95 events

o(pp—>WW)=13.7%£2.3(stat)£1.6(syst)= 1.2 (lum) pb
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WW Candidate Event
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WW Kinematic Distributions
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WZ Production

Involves a single triple gauge coupling:

100~
? "« Not available @ LEP E - DO Runli
W e Measure WWZ coupling 80
independent of WWy =
* WZ— trileptons rare but  § 69
v 2 distinct signiture = s
*Yet to be conclusively 40—
observed - otk
NLO cross section: 3.7 £ 0.1 pb 20— e —
(Campbell,Ellis, Phys.Rev. D60 (1999) 113006) - il === SRS
CDF (WZ+ZZ): JL dt = 194 pb™ O ——og 40 60 80 {00 120 140
Observe 3 events with expected Dilepton invariant mass (GeV/c?)
background of 1.0+0.2 and signal o o Bun 1l
of 2.320.3 in 2,3, and 4 lepton final states — e
PR D71, 091105 ull T~
0.5 T —
o<152pb @ 95 C.L (SM:5.0+0.4 pb) ( \\
DO (WZ): [L dt = 300 pb 0 N 95%.C.L. \
Observe 3 events (leee, 2uuu) with expected N\; 5 TeV )
background of 0.71+0.08 and signal -0.5 -
f2.04 in 3 lepton final stat
0 in 5 lepton final state hep-ex/0504019 1\‘_‘_%__ IRy
+3.8 -1 -08 -06 -04-02 0 02 04 06 08 1
o<133pb @95 C.L  0=4.5_] (stat+syst) pb AgZ(=A,)
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WZ—trileptons + MET

New from CDF USiIlg' .“— dt = 825 pbl Signal and Background Expectations (825 pb™')

WZ —> trileptons + MET: Signal:

) WZ.: 3.72 +0.02 (stat.) £0.15 (syst.)
e 3 leptons (e,u) with Pt > 20,10,10 GeV

e Zregion (76 < Mll < 106) Backgrounds:
* MET > 25 GeV o 0.498 + 0.007 (stat.) +0.050 (syst.)
) Zy: 0.025 £ 0.011 (stat.) £0.005 (syst.)
Observe 2 events with tthar: 0.047 + 0.010 (stat.) +0.005 (syst.)
expected background of 0.9+0.2 Z+jets (fakes): 0.34 +0.07 (stat.) "% (syst.)
and signal of 3.7+0.3 Total: 0.91 +0.07 (stat)*%¢ (syst.)

6(WZ) <6.34 pb (95% C.L.)
| ch. ] Ilﬂrglirpinlarg (!|325| pt}dll _

CDF Il Preliminary (825 pb™)
LA L B L B L B N IR L SN B

-
=
o

> [ T ! T 1 T T 1 T T T Nd'-'h [
e _T Ztunh L i CWZ signal [
0 7 - EZ(HM)I > 90F B backgrounds|]
N (ee) e i « data ]
T 6l @z > 80¢ ;
2 Jzz 270 ;
g Otbar 2
i B Z+jets o 60F B
n [
b s 50 F E
> :
g 40| . E
| 2¥ | H -
1 8200 ;
! =A0F L po_oizio . -EME 0 :
; ob  TTASERRE-TEET- 00
[ ——— ] 40 50 60 70 80 90 100 110 1220
0 20 40 60 80 100 20 Dilepton Invariant Mass (GeV/c")
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WW/WZ—lvjj

1
Pro: much larger branching fraction d W~ o q——7 W
Con: much larger backgrounds, v Y
mainly from W+jets o Wz

* Lepton E_> 25 GeV, |n|<
2 ET > 25 GeV.

% At least 2 jets E_> 15 GeV
#* Dijet mass 32-184 GeV

Background plus WW/WZ hypothesis fit to data

* Fit signal and background di-jet mass shape to data.

> 450
— -
T 400
- m —
WW/WZ to leptons + jets, Monte Carlo £ -
‘-'n T | “ T | T T T | T T T | T T T | T T T | T T T | T T T -1| : g 350 —_
&350 CDF Run Il preliminary, L = 350 pb — w =
=] 7] C
g 2 MC backg. 300
3 300 P(f)=0.16 —C fit 250
g v
a2° - 200
=
o Wi
£200 [ 150
[]acD

Wz 100

WWH+WZ

iy
o
=

predicted

50

0||||||||

WW+WZ = 109 + 110(stat) + 54(sys) events
1 | 1 1 1 | 1 1 1 | 1 1

T T | T T T | T T T I T T T | T T T
CDF Run Il preliminary, L = 350 pb'1
¥ Data
— Background

— Backg. +signal

Prob(+%)=0.18

= 160 events

40 60

P

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

80 100 120

40 60 80 100 120 140 160 180

o(WW+WZ) < 36 pb (95% C.L.)

Dijet mass (GeVic?)
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Anomalous Couplings: WW/WZ—lvjj

WWWYZ to leptons + jets, W transverse momentum

W pt found to be most sensitive
for anomalous coupling limits

W pt formed using lepton pt
and MET (v)

Full spectrum fit for AC hypothesis
and used in setting limits

6 WWMWZ to lep.tjets, measured 95% CL limits
T T T | T T T | T T T | T T T | T T
CDF Run Il preliminary, L = 350 pb'1
— Systematics included
A=1.5 TeV, equal TGC for y and Z.

04

= Statistics only

0.2

02—
'0-4_— —l— 1D systematics includec—]
_0- i | 1 | | | | 1 | | | | | | | | | | | | | | | | i
-%.6 -04 -0.2 0 0.2 04 0.6
Ak
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1
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—w¥— Data
—=— MC total
WY
W2

Wi
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=

L
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I1DDI 1 1

Izuul 1 1

I3DDI 1 1

400 500

W{LMET) transverse momentum (GeV/c)

Determined 1D 95% C.L.

limits:

(Ak,A)=([-0.51,0.44],[0.28,0.28])



Summary/Outlook

Diboson cross

section studied in: =1 0°
Q

" WW 510°
e WZ/Z7Z &

* Ly $10
in mainly leptonic channels,g

but also final states with jets” 10? 5

Limits on anomalous
trilinear gauge couplings
were determined

-> more on the way 1

Dibosons interesting on their =, :

own in studying EWK physics 10
but...

Looking forward to more
diboson physics aiding in the
search for higgs and NP
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Tevatron Run Il pp at Vs = 1.96 TeWcz_

o @ DO Preliminary

10 |

& CDF Preliminary
+ CDF Published

«» DO Published ]
B SM Expectation -
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