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h couplings at the Tevatron
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Diboson Final State

SM Tests:
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. Generalized Zy Couplings
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» CP Violating:
>h,Y and h,"

» CP Conserving:
>h,V and h,"

Form factor A:
= ie T, (@1, g2, P) hv

hi (8) = (1+%

Parameterization from G.J. Gounaris et al. PRD 62, 073012.
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‘ Anomalous Couplings D&

> Non-zero ATGC (Anomalous Triple-Gauge Couplings)

= increase Z Y cross section
= stiffen Et, distribution
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Additional cross section pp = 1717y
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‘ Tevatron Experimen’rs D5

Central Tracking
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/vy Production

» Search for Z y with
Z->e'e’, uru, V'V
» SM Z y production:

= Initial-state radiation
(ISR)

= Final-state radiation
(FSR)

> No direct Z-y coupling

in Standard Model

- Anomalous coupling
produce excess
events at high ET,

|+|_7 . Low backgrounds
V\_)')’ . higher branching fraction

ISR (M ~M.)

FSR (M, ~M,)

Anomalous
Coupling
(M ~M.)




Zy Analysis

CDF Run Il Preliminary (5.1 fb™)

> Select Z-> I*I

- Standard lepton selection

i o Data
+ Prediction

- Et1>20 GeV, Et2 > 10 GeV “F Chi?/NDF = 12.0/10 (p=28. 5%)_
3> 76 < My < 106 GeV/c? —+ + :

= then look for standard ¥ ! _%__%__%_
20f ++
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> Select Zy -> vvy
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= no jets or high-Et tracks Q@\ : E
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» Anomalous Couplings
produce excess high-Et ¥

o Data
- use low-Et photons for control - Prediction

regions

> look for ATGC in high-Et ¥ B B % o




‘ Zy Invariant Mass D&

Ety >7 GeV
ISR (Mi~Mz) &
FSR (Mii, ~Mz) Clearly visible

$\3 ET‘)/ > 50 GeV

% FSR removed
X3

CDF Run Il Preliminary (5 fb™)

DY 1fb™
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@ ~76CsignalRegion DO

»Use MC to generate Ety templates
= function of Anomalous Triple-Gauge Couplings
2use to look for & set limit on ATGC's

CDF Run Il Preliminary (5.1 fb™) B Data
9 E e Z(y) - Iy data -1 3
E : Y Dg 1 fb o - —— h,ZZy =0 (SM) template
Ty 5 - Z+jet background | | E %—h n — h,; ZZy =-0.08 template
Dy 10 F 55200 > Iy SMMC(h, =0, =0) + (Z+jet) 5 . | —— hyZZy = +0.08 template
1 - Z(y) o Iy MC(h$0=-0.18,h;O=0.016) + (Z+jet) * J0 I + fake distn
102 - - - lepton fake distn
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CDF Run Il Preliminary (5.1 fb™)
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o Z(y) —» My data DO 1fb-1

Z+jet background
== Z(y) -y SM MC(h_=0,h, =0) + (Z+jet)
- Z(y) - Wy MC(h_=-0.18,h,_=0.016) + (Z+jet)

200 300
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. .

51 = SM signal MC + backgrounds

D@, 3.6 b’
* Data
-+ Sum of backgrounds

ATGC signal MC + backgrounds
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@ ATGC Limits (A=1.5 TeV)
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Zy Anomalous Coupling Limits Di>

Existing limits:
. | hvZ,| < 0.033 (DO, A=1.5TeV)
. | itZ,]<0.0017 (DO, A=1.5 TeV)

Includes 1fb-'e, u,and 3.6 fb-1v

Includes 1fb-"eand2fb-1u add 2 fb1 v
. hZ3| < 0.083 (CDF, A=1.2 TeV) < 0.050
e | h1;] <0.084 (CDF, A=1.2 TeV) < 0.051
. hY,Z4| < 0.0047 (CDF, A=1.2 TeV) <0.0034

New limits: Includes 5fble, u, v
A=1.2 TeV A=1.5TeV

hv, (-0.022, 0.021) (-0.017, 0.016)
hv, (-0.0009, 0.0010) (-0.0006, 0.0006)
hZ3 (-0.018, 0.020) (-0.017, 0.016)
hz, (-0.0009, 0.0009) (-0.0006, 0.0005) |,




‘ 2D ATGC Limits (A=15 TeV) DEY

& A =1.5TeV

o
%Q’ 0.004 CDF an 1l Prt_ellmlna_ry (4.9 fb ) | | ; -:-.-r (a) Zw Dﬂ, 3.6 fb.l ]

ghg vs h,, A =§1500 C?EeV,y Z—> I+ yéZ—wv 005
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‘ ZZ Production

Diboson Final State

ZZ \ I: AN z

AN £

Z/y 4%

z

» /7 cross section is small

>77->eeee,ee UL, (LILULLL
* low backgrounds

* smal
/7 ->

branching fraction

17jj or I'l" vv

* larger branching fractions

» significant backgrounds




ZZ ATGC Limits (1/fb) DES

» DO Results
> 4 leptons

> (eeee, eepy, uuuy) o,
> 1 event, 0.13 + 0.03 bkg 4

anomalous couplings limits:
- effective Lagrangian non-SM

parameters: h»%;and h?,
«0inSM

« -0.26 <f1,<0.26 (DO)

. -0.28 < f?,<0.28 (DO)

« -0.30 <fi,<0.28 (DO)

« -0.31 <f%,<0.29 (DO)

A=12TeV




‘ 77 ATGC Limits (1.9/fb)

Anomalous couplings Limits:
CDF Results - effective Lagrangian non-SM

parameters: hv%; and hv?,

» Search for 2 leptons and  -0insm

. . -0.10<fi,<0.10 (CDF)
2 jets . -0.12<f£,<0.12 (CDF)

. -0.11 <fi.<0.11 (CDF)
¥sort results by Py . -043< <012 (CDF)

> Search for excess Z->jj A=12TeV

| Ldt=1.9fb"
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ZZ Production (1.7/fb)

-

- D@ Runll, 1.7 fb’ ® 4edata
2.5: v 4udata

- [ Isignal

L Bl background

[ sorad

background

| D& Runll Preliminary, 1.7 1b” ¥ emcata
» DO Results | i s

Events/50 GeV
N

vy

> 4 leptons

-
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> (eeee, eeuy,
uuuu)

150

» 3 events, 0.14 bkg LD 2a »

200
M, (GeV) Four lepton invariant mass (GeV)

25.3 6 observation

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

Subchannel de5c desc de40 e 2uene 2ue o 2uleye

Luminosity (fb™') 1.75=0.11 L75=011 | L75=0.11 168 = 0.10 | 168 =010 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 | 0.05870%7  0.352 =0.040 0.553700:

Z(y) + jets 0.030700% 00187200 | 0.002793%%  0.0003 = 0.0001] 0.037093 0.05 =0.01  0.0087 703
7]

0.001272001  0.005 = 0.002 0.0007 20002
Observed events 0

~0.0003
0 0 0
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‘ ZZ Production (1.9/fb)

CDF Run Il Preliminar I =101’
CDF Results - ’v:E JLat=19tb

Jzz
|ZZy+jets

=
=3

8

» Search for 4 leptons or 2
leptons + 2 v

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

g

&

> 4 leptons (eeee, eeuu, uuun)

M, subleading P_Z (GeV/c?)
EY

» clean, but small branching fraction

&
o

* increase acceptance wherever
possible

60 80 100 120 140
leading P_ Z (GeV/c?
=> ||lvv M, gP Z( )

COF Run Il Preliminary [Ldte191" COF Run Il Prefiminary [Ldt=19m

ZZ Fit Region cdota Bt ZZ Fit Region s dsta  Dhi
Oz Bw 51§, > 50 GeV Oz Bw
Bwz DOwsjets Bwz DOwsjers
Bww Oov Bww Oov

| Syst. Uncertainty ISyst. Uncertainty
! |

 many backgrounds
- WW-sllvy

« use as much kinematic informa-
tion as possible ’ o !

Events / 5.0 GeV
Events / 10 GeV/c?

- use matrix elements

Candidates without a Candidates with a
Category a trackless electron a trackless electron 1

V4 1.990 = 0.013 + 0.210 0.278 + 0.005 = 0.02 2 0

Z+jets/Z +jets 0.014.5%7 + 0.003 0.082_5 geo + 0.016 S o i ol e R ST NP b S

i M., [GeV/ic?
_ : €, (Z region) [GeV] r
Total 2.004°09'% +0.210 0.360 3 oea + 0.033
Observed 2 1

18




‘ ZZ Production (5.9/1b) %»%

o~ 200 s '
CDF Results R A P

4 events
160

> Search for 4 leptons = (3 new) in
" signal box:

100

>4 leptons (eeee, eeuy, . ks * one 4-u

) : * two eeup
+ clean, but small branching ~ * * one 4-e

%20 40 60 80 100 120 140 160 180 200

fraction M
+ 76 < M1 <106 GeV ¥ S P
* M < 300 GeV ¢
- will look for ZZ 3;

*Dala
| |zz

resonance above this

2>Normalize to o (Z) 1 |
. 6(ZZ) =172+ 02 pb f

Q20 40 60 80 100 120 140 160 180 200
m,




Summary

> All modes have been seen, including ZZ
» Couplings look like SM!

A=1.2 TeV A=1.5 TeV
h, (-0.022, 0.021) (-0.017, 0.016)
hv, (-0.0009, 0.0010) (-0.0006, 0.0006)
hZ, (-0.018, 0.020) (-0.017, 0.016)
hz, (-0.0009, 0.0009) (-0.0006, 0.0005)
fi, (-0.10, 0.10)
fi (-0.11, 0.11)
2, (-0.12, 0.12)
12 (-0.13, 0.12)

Diboson production is well described by the Standard Modell
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‘ CDF ATGC Limits (A=1.2 TeV
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Data, y+Z—vv Channel, A = 1200 GeV

Likelihood

H A
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CDF Run Il Preliminary (4.9 fb™)

1
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h,

Data, y+Z—vv Channel, A = 1200 GeV

Log Likelihood
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‘ CDF 2D ATGC Limits

QQ:
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A=12TeV

CDF Run Il Preliminary (4.9 fb™)

C h:Y3 Vs-éhzu A =1200 G:;eV,y 2=l +Y§Z—>vv

A=15TeV

CDF Run Il Preliminary (4.9 fb™)

4 -
 hy vs. hy, A

m— 68% CL

m— 95% CL

% Standard Model

-0.06 -0.04 -0.02

. CDF Run Il Preliminary (4.9 fb™)

-0.08 -0.06 -0.04 -0.02 0 0.02 0.04

4 -
Fh3 vs. h, A
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m— 95% CL

% Standard Model
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hY

CDF Run Il Preliminary (4.9 fb™)

04 -
Eh vs. hi, A

— 68% CL

m— 95% CL

% Standard Model

0. oehz 0.08

=§1500 QeV,y Z—> [! +y§2evv

m— 68% CL

m— 95% CL

% Standard Model

0.04 0.06 0.08
hZ
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W~y Production Di>

Diboson Final State SM Tests:

W \\ \ W Test SM production predictions
Y [ " - Cross sections (AR > 0.7)
AN, Y « o(E;y>7 GeV)=18.0+2.8 pb
7 (CDF)
SM Tests: « SM: 19.3 % 1.4 pb
Look for “anomalous couplings” « o(E;y>8 GeV) =14.8 £ 2.1 pb (DO0)

» CP-conserving effective Lagrangian « SM: 16.0 £ 0.4 pb
non-SM parameters: K and A,  Radiation Amplitude Zero

. Tevatron Run |l, pp at\'s = 1.96 TeV
-AKY=1—KY=O& AY=O|n SM
. 0.49 <K, < 1.51 (DO)
. -0.12 < A, < 0.13 (DO

¢ Data Candidates
—+— SM MC + Background (x=1, A=0)
---4--- AC MC + Background (x=1, A=().2)
Background

. CDF Preliminary

* CDF Published
DO Preliminary

* DO Published

BTheory

2

D@, 0.7 fo’

=

2

Production Cross Section [pb]

iy
o
v v

200 ww wzZ ZZ H-WW NP7

Photon E, (GeV) w160




