First Observation of WZ Production

Mark Neubauer :
University of California, San Diegof =% ©

........

Uucs - ; : g ST -
Mark Neubauer SMU Seminar/Jan 22, 2007




Some Open Questions in the SM

The Standard Model (SM) has been very successful at describing the
known particles and their interactions (except gravity) under extraordinary
experimental scrutiny

A cornerstone of the SM is electroweak symmetry breaking (EWSB)

e SU(2), ®U(1), is a spontaneously broken symmetry
e generates masses of the weak gauge bosons (W=, Z°) and the fermions
* predicts the existence of a scalar particle: the Higgs boson

However, the SM is an effective theory describing physics at the electroweak
scale and is incomplete:

* Neutrino masses

* Gauge coupling unification

* Dark matter

o Higgs mass (m ) unstable against radiative corrections (hierarchy problem)

New physics could come in many different forms

e Supersymmetry (SUSY), Technicolor, New heavy gauge bosons (W', Z', ..),
Extra dimensions, ..., ?

More experimental input needed to show us the way...

Mark Neubauer SMU Seminar/Jan 22, 2007



Supersymmetry

Symmetries play a central role in physics P“"if"“\ i
9 2

New spin-based symmetry: dad
* SM fermion (boson) « Sparticle boson (fermion) . .
Enlarged Higgs sector (2 doublets — 5 physical states) I
"shadow" particles
[ua da c, s, ts b]L,R [8, H, T] [Ve,p,,-r] Spin % i
MSSM [@,d, & 3,5,blo.r  [6 i, 7] [De ] Spin 0 ___“___,O___“___
g W*, H* ~,Z,H HY Spinl/Spin 0 :
g 72:1t2 2{1),2,3,4 Spin % i(’ \i'i
H H
SUSY provides et

e solution to heirarchy problem

* gauge unification

* natural dark matter candidate: LSP (typically lightest y)
- LSP is stable if R-parity (= (-)®®**?9) is conserved

1o

Superpartners not yet observed — SUSY is a broken symmetry -

* numerous breaking mechanisms (e.g. mSUGRA, GMSB) FIEPU SN Y

log10(Q’)
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The Higgs Boson

em _is a free parameter in SM

e LEP direct search: m_ > 114.4 GeV (95% C.L)

* Constraints from fits to EW data (http::/www.cern.ch/LEPEWWG):
e Best fit: m = 85" GeV

e 5% C.L..m_< 166 GeV latest CDF W mass result
i h fit to:
o« EW fit + direct search: 114.4 <m_ < 199 GeV changes best fit to

m_ = 80"°_ GeV

Intensive search for Higgs underway at Tevatron
o Strategy / Sensitivity depends upon m

SM Higgs production o Heavy
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Diboson Physics

The gauge boson_s of the electroweak interaction (W, Z, y) are readily produced
in high energy pp collisions

Boson pair production is far more rare and probes gauge boson self-interactions
— consequence of non-Albelian nature of SU(2)L®U(1)Y

— sensitive to new physics in trilinear gauge couplings (TGC)

P

Tevatron (pp) complementary to LEP (e*e)
e Sensitive to different TGC combinations
S TGC * Tevatron explores higher § than LEP

s-channel

qq'—Ww" Wy : WWy only
gg'—»wW" —WZ : WWZ only
qqg —>ZIy" -WW: WWy, , WWZ
qq = ZIly" =Zy :|ZZy,Zyy
qq —>ZIy" —»2727 |Z2Zy,77Z
Absent in SM

p

P

t-channel

P
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WWy and WWZ Anomalous Couplings

Parameterize new physics in terms of coupling parameters in an effective Lagrangian

_ sV v v
Ly 8y = 18 (WE WHV WLV W) =y
iA
+ ik WEW V" 4 VW’rA wHyvA Phys.Rev.D48 2182 (HISZ)
po Vv 2 oV
M
W

5 C and P conserving coupling parameters (g, =1 by EM gauge invariance)
. Z— [ —_— J— J—
SM at tree level: g /'=k =k =1, A =A =0
— zZ __ zZ__ 7
Ak, =Ak,=0 (Ak=k—1) Ag/=0 (Ag =g/ —1)

Form factor anzatz to avoid

T.-‘E - —— A=Ag,=Ak =0
. . . ~ N Ak =Ag,=0,1=05
unitarity violation at large § : = L =Ag,=0,Ax =20 WwzZ
2 —— .=Ax=0,Ag,=05
Q
n X, @ 'E
x = «(§)= N -
(1+s/A%) i .
\/ 5§ = CM energy of subprocess - -
A = scale of NP ~1 to 2 TeV -
Anomalous couplings can enhance 1’ .
cross-section at high gauge boson P_ L

2.5 3
log., (Z P,/ GeVlc)
Mark Neubauer T



Motivation: Demonstrate Sensitivity

Finding multilepton signals with very small ¢ x Br (e.g. Higgs, SUSY)
— Search for WZ in 3 leptons + Missing Transverse Energy (/ET)
— Search for ZZ in 4 leptons

3 leptons + ET final state common to: Tevatron Run Il pp at\s = 1.96 TeV

a ]
e WZ = . e OCDF Preliminary
e WH — WWW 5 1075 - m CDF Published
¢ "SUSY Golden Mode" 9 DO Preliminary
0 ] # D0 Published
7 10°4 M Theory
E ]
O
1024 T G
q ]
w* ]
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| -T-f} -
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w' 2w 2 Wy W 22 Hﬂ;ywsusy
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WZ: SM Mirror of SUSY Golden Mode

PP — WZ' - ¢¢*¢ + E, pp — %%~ O + E_

P SM WZ

P

X2

p

Mark Neubauer SMU Seminar/Jan 22, 2007



Physics Motivation Summary

e Study trilinear gauge couplings
 Demonstrate sensitivity to
rare multilepton (3 or more leptons) signals
(e.g. SUSY trileptons, WH)

 Important background for many high p_
analyses (H-WW*, ZH/WH, SUSY, tt, ...)

e Could have contributions from SUSY, Technicolor,
W', ..., or maybe something completely unexpected?
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WZ/ZZ Production in the Standard Model

Involves a single SM triple gauge coupling: I1jj

: . [
"'« Not available @ LEP VVJjJ Y

q W q
l1Iv
WZ | w* * Measure WWZ coupling g
K independent of WWy VJJ
z » g » *Yet to be observed (>50) JJJJ

NLO cross section: 3.7 + 0.1 pb  Firstevidence (3.30) from DO
Campbell,Hlis, Phys.Rev. D60 (1999) 113006 BR(WZ — 3 elu) = 1.8%

Triple neutral gauge couplings absent in SM: VVVV

VVjj [Ivv

q Z q Z2°
e Search for ZZy or ZZZ 11
ZZ q 2ly, coupling (=0 in SM) I1jj
* SM ZZ production JjjiJj
: » 5 not yet observed in pp

NLO cross section: 1.4 + 0.1 pb
Campbell,Hlis, Phys.Rev. D60 (1999) 113006

BR(ZZ — 4 e,u) = 0.5%
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‘ Previous WZ Search ’

Using [z dt = 0.8 fb™ Signal:
W*Z° — €=¢*tv selection: WZ: 3.72 £ 0.02 (stat.) £0.15 (syst.)
e 3 leptons (e,u) with Pt > 20,10,10 GeV/c
* 7% region: 76 < M({*") < 106 GeV/c? Backgrounds:
e B >25GeV ZZ:  0.50 +0.01 (stat.) +0.05 (syst.)
Observe 2 events (eee) with an expected Zy: 0.03 £ 0.01 (stat.) £0.01 (syst.)
background of 0.9 + 0.2 and WZ signal of 3.7 £+ 0.3 tt: 0.05 £ 0.01 (stat.) £0.01 (syst.)

Z+jets: 0.34 £0.07 (stat.) *335 (syst.)
Total: 0.92 +£0.07 (stat.) /5 (syst.)

o6(WZ) < 6.34 pb (95% C.L.)
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DO: [L dt = ~0.8 fb!
Observe 12 events with expected background of 3.6 + 0.2 and signal of 7.5 £ 1.2

[ Wz Candidate Transverse Mass | mTCZ - ‘\/ETET(I - COSA(I))

Events / (10 GeV)

N « e
N W o b,
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D@ Run Il Preliminary
0.8 fb™

—&— \WZ Candidates
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Events / (10 GeV)

B
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—&— WZ Candidates
- WZ Signal MC + Backgrounds

- Sum of Backgrounds
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P BRI B
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WZ First Evidence

3.30 evidence

o=4.0" " (stat+syst) pb

Decay |Number of | Overall |Expected| Estimated
Channel|Candidates| Efficiency | Signal |Background
eee 2 0.15840.0121.81£0.18]0.96040.069
eefl | 0.16740.029|1.88£0.52]0.48540.053
[ij€ 7 0.17540.043|1.77£0.66]0.96340.080
[LfaL 2 0.20540.033|2.04£0.5411.20340.143
Total 12 - 7.54+1.36 | 3.61£0.20
‘ WZ Candidate Mass vs. Missing ET
31:;3%%5" Il Preliminary S
w~ | —*%— WZCanddates ..
£ %L Jl wzsignaivc L0
é m;—-SumofBackgrounds . : : :
i R
N I
L s e 0 12 1o

Dilepton Invariant Mass (GeV)
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The Fermilab Tevatron

- . . Year2002 2003 2004 2005 2006 2007
World's highest energy particle collider ﬁ,}sgg‘{“thl. 4 7 101 4 7101 47 147101 710
until turn-on of LHC @ CER "5.
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Beamline

>

The CDF Il Detector

! Muon Chambers}

Tr
......

.......

Tracking

* Central drift
chamber

- Track acceptance:

100% of layers In| <1

0% by In| <2

» Silicon coverage out
to [n| < 2 for large
In| tracking

Calorimetry

* Segmented sampling
EM/Had calorimeters

e Shower maximum
detectors

- shape measurement

- central (gas)

- forward (scintillator)

Muon Detection

e CMU/CMP (Central)
(In] < 0.6)

e CMX (Extended)
(0.6 <|n| <1.2)

e BMU (Forward)
(1.2 <|n| <1.5)
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Integrated Tracking System

20 — .. Wsoson Forward tracking
i //n =D ad — 0.8F .
- oS - | | \ x Combined
5 P e
is g 05: ‘ | >|< ; ;SOiSA
] : S| =1 =+ :
s T X :3 . T L | ke
s A u £ 0.5 % ? ('
1.0 = ] 3] = 2.0 g., = | ke
- coT g - ? -
: : : £% I e s
] 3 5 8 03 s ——7]
8 = @ - r . i
i E.: :g: = 3.0 0.2
:_ pap ___....-u----"'" 3 0.1 E_ m _D__i_
0 I 1 I O E| ${_$l - s |
o 5 \ 1.0 1.5 2.0 2.5 30 m 0— 1 1.2‘ | ‘1.4| | 1.6 1.BI 2 |2.2
sSvx 1 — INTERMEDIATE n
5 LAYERS SILICON LAYERS
* Central |n| < 1 tracking: efficiency ~100% (Outside-In=0I)
e Silicon-seeded tracks (Inside-Out=10)
> increase high |n| tracking efficiency
e Silicon-only tracking for very forward tracks (Silicon-standalone=SISA)
* Forward electrons use plug shower seeded tracking
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Lepton Selection (Winter 2006 Analysis)

Electrons Muons

e Central calorimeter fiducial e CMU+CMP (CMUP) stubs
e Forward calorimeter fiducial ¢ CMX stub

- With Si-based track e Minimum Ionizing Particle (MIP)
Electrons n vs. ¢ Muons n vs. ¢

: - [cMUP CMX
Central 2t b 2 .
?VS;"W e 1 ‘ — 1 — Central ]

Si-based [ o [MIP

track) o 1 0 _ 1
Af 1 Af ]
2| | 2] :
-3 _ ] =3 E . . N
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
n n

All leptons required to be calorimeter isolated: minimal transverse energy around lepton
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Lepton Selection (Current Analysis)

In final states with 3 or more leptons (WZ and ZZ), lepton acceptance is key

* Try to use every track and electromagnetic shower found
 Exploit as much of the available information as possible for each candidate

Electrons Muons Tracks
* Central calorimeter fiducial e CMU+CMP (CMUP) stubs * Fill in regions not fiducial to a
e Forward calorimeter fiducial < CMX stub calorimeter (shower max)
- With or w/o Si-based track e Minimum lonizing Particle (MIP) ¢ Considered flavor neutral (e or u)
Electrons n vs. ¢ Muons n vs. ¢
= 3 i o soun T T 3 i T ok T T ]
g il | - |CMUP CMX
Central 2 = 1 2L ]
Forward [ fiai, = ] i ]
(w/ 1 el ot ] 1| |Central Forward|
Si-based i o ] - (MIP MIP ]
track) o 0F 1
Forward| & :
(w/o | iy I
Si-based | - : | Lrack
track) 2t e 21 ]
Track%_ i ] -3 _ o | i

All leptons required to be calorimeter isolated: minimal transverse energy around lepton
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WZ Candidate Selection

WZ° = t*tt*v Candidate Selection:
e Triggers:

e Central e*,
* Central p* (CMUP, CMX)
« Forward e + large E._

CDF Run Il Preliminary [Ldt=1.11"
e Trilepton identification 006] 7979 Veto mZz
= @mWZ

* 3 reconstructed leptons with ]
E > 20,10,10 GeV 0.05-
* Z° mass region: 0.04

» =1 opposite-charge, same-flavor ]
lepton pair in (76, 106) GeV/c? .

—. Indicates leptonic decay of Z° boson 0.02-5

o 7°7° Veto: 0.01
* Invariant mass of non-Z° ("W") lepton 0-:
+ additional high p_track (> 8 GeV/c) 0O 20 40 60 80 100 120 140

not inside Z° mass region (76,106) GeV/c? Motk (GeV/c))
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WZ Candidate Selection (cont)

W+Z? — t*tt*v Selection (cont):

« Missing Transerve Energy (}):

. ﬁT>25GeV

- Indicates unobserved neutrino

from leptonic decay of W* boson 1-

. E/T Quality:

« A¢(E_, nearest lepton or jet) > 9°

CDF Run Il Preliminary j Ldt=1.11f0"
7 -_ T T T : T T
[ [ Jziy—ee
6L O zy >
[ [ Z+jets
: I 2z
2k [ wz
4f
.,
3F
2

1

o A §MET, ndatestdep,fet) (rdd)

S /NS+B

286
zmé
252

2.6
2.58-
2.56-
2m{
2méf

2.5]

10

WZ Signal Region

CDF Run Il Preliminary

[Lat=1.110"

; Ad=016

o 01

a2

03

Y

05
A o (MET, nearest lepton or jet) [rad]

[Jz(eeyy
Ozuwy
[CJz+jets
mzz
mwz

50 60 70 80 90
MET (GeV)

Optimized using
independent
background
samples
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Signal and Background Modeling

Expected backgrounds from Zy, ZZ, Z+jets, tt

Geometric and kinematic acceptance for WZ, 7ZZ, Zg, tt using Monte Carlo
calculations and GEANT-based simulation of the CDF II detector

Use CTEQSL parton distribution functions (PDFs) to model momentum
distribution of initial-state partons

e 7Zv: U. Baur's ME generator + Pythia + GEANT
e WZ, ZZ, tt: Pythia + GEANT

Z+jets determined from data

e Measure P_ (lepton-like jet — lepton) in inclusive multi-jet data
after small MC-based correction for leptonic W,Z decays

e Scale dilepton + lepton-like jet(s) events in data by P_
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WZ Control / Signal Regions

100 CDF Run Il Preliminary _[ Ldt=1.1fb"
+~70 +p+.p- 1 1 o ]
W'Z® — ¢*t*t" + E_ Signal Region > Blwzvoneca| Signal
, 90
« Z°mass region (76 <M, < 106) Q J [l Backgrounds
. ];/T > 25 GeV 5 80‘5
L 70
LLl ]
Dilepton (Drell-Yan) Region: Q60
Tests efficiency and acceptance o 50-;
calculations % 40]
e Z°mass region (76 <M < 106) = 305 LowMet
. InvertﬁT cut 2 '
g 20- A  Z Veto
Trilepton Control regions = 0] e
Tests background modeling 040' 50 RS~ anasan vy 115 {20 130 140
. : : 2
Low MET Region: <« ZyISR, Z+jet fakes ilepton Invariant Mass (GeV/c")

e Invert JZ/T cut

q / r q y ' r
/. Veto Region: : y .
g < Zy FSR dominated and Z+jets
e Invert Z° mass cut _ z° 7
g FSR M7 r; ISR

e Invert 124 cut q v
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Dilepton (Drell-Yan) Control Region

1200- e Dat
| Central p Y.
_— + Track
| in Crack
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600-
400
200
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40 50 60 70 80 90 100 110 120 130 140
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o 1 g B .--ii -------------- ®
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8 09 - ¢ :
g i
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07 data _
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ez

&g

All of our triggerable dilepton pairs
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Trilepton Control Region Results

low-H .. Z-veto
Category Expected Data Expected Data
€ €e 116.3 4+ 19.2 103 114.8 4+ 22.5 103
e e 1.8 £ 0.3 2 1.4 4+ 0.4 4
€ I 62.5 + 10.3 50 69.2 + 14.0 62
[T 1.1 £0.2 1 0.3 &£ 0.1 1
eet 29.6 + 4.6 20 33.5 + 6.2 31
e ut 24.9 4+ 4.1 33 26.5 £+ 5.2 34
ot 2.7 +04 5) 1.9+ 04 3
ett 4.0 £ 0.7 1 2.6 &£ 0.5 2
pntt 0.4 + 0.2 0 0.4 + 0.1 1
| Total 243.5 + 38.8 215 250.9 4+ 48.3 241|
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Trilepton Control Regions: Flavors

Low MET
CDF Run Il Preliminary j Ldt=1.11fb"
i e Data [JZ+jets
1& Owz [@zz
i Ozv Bt
100+
80-
60-
40 |
- - .
20 ——
: T .
() M e S T —— — ——
eee eey epp ppp eet ept ppt ettt ptt
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Z Veto

CDF Run Il Preliminary [ Ldt=1.110"

120. e Data [JZ+jets
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? 02y Bt
100-
80-
60- +
40-

] |
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20 \
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Low MET Region: Kinematics

CDF Run Il Preliminary J Ldt=1.11fo"
o 60,
§ « Data [JZ+jets
[ Owz [@zz
Q 50 POz B
~
n
T 401
GJ =
> -
L
30 J
20
10/ + * ﬂ-
0_
40 50 60 70 80 90 100 110 120 130 140
M, [GeV/c?]
CDF Run Il Preliminary f Ldt=1.11fo"
(&)
S «Data [bZ+jets
8 351 Owz [@zz
™ 0zr Bt
~— 30
8
c
O 251
>
L
20
154
10+
5_
0 : T 1 T 1
0 20 40 60 80 100 120 140
leading lepton p; [GeV/c]
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Events / 6 GeV/c?

Events / 3 GeV/c

350

CDF Run Il Preliminary I Ldt=1.11fb"
« Data [JZ+jets
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Z Veto Region: Kinematics

CDF Run Il Preliminary j Ldt=1.11fo"
NO 60_
S » Data [JZ+jets
8 Owz @zz
50- I Oz i
B O0zv Bt
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T 40
q) -
> =
T
30 )
20
101 +H II—
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40 50 60 70 80 90 100 110 120 130 140
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Events / 6 GeV/c?

Events / 3 GeV/c

CDF Run Il Preliminary I Ldt=1.11fb"
e Data [JZ+jets
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80-
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CDF Run Il Preliminary J Ldt=1.11o"
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Control Region Summary

CDF Run I Preliminary [ Ldt=1.11"
©
)
o _
:& 142 Drell-Yan Zy MC and Z+jets
)
5 _
o 1.2-
Z -
()]
n
O [ O s s
S 1 I
0.8
0.6 « Data
[1Systematic Uncertainty
0.4

Dilep(e e) Dilep(u u)  Trilep LowMet Trilep, Z-Veto
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WZ Signal Region Expectations

Good agreement in control regions validates
background modeling, acceptance calculations, and luminosity accounting

In the signal region:

sSource Expectation & Stat & Syst £ Lumi
Z+jets 1.22 £ 0.27 £ 0.28 + -

77 0.89 £+ 0.01 £ 0.09 £+ 0.05

2 0.48 £ 0.06 £ 0.15 £+ 0.03

tt 0.12 £ 0.01 £ 0.01 £ 0.01
Wz 9.79 + 0.03 £ 0.31 + 0.59
Total Background 2.70 £ 0.28 £+ 0.33 £ 0.09
Total Expected 12.50 £ 0.28 + 0.46 £ 0.68
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WZ Signal Region Results

sSource Expectation £ Stat + Syst &= Lumi
Z+jets 1.22 + 0.27 £ 0.28 += -

A 0.89 £ 0.01 £ 0.09 £ 0.05

Zy 0.48 £+ 0.06 £ 0.15 £+ 0.03

tt 0.12 £ 0.01 £ 0.01 £ 0.01
W2z 9.79 £+ 0.03 £ 0.31 £ 0.59
Total Background 2.70 &+ 0.28 4+ 0.33 £ 0.09
Total Expected 12.50 £+ 0.28 4 0.46 + 0.68
Observed 16
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Signhal Region: Trilepton Types

CDF Run Il Preliminary | Ldt=1.110"

e Data [JZ+jets
Owz [@zz

0zy B (2.7 £0.2) eee

(2.0+£0.2) eeu
(1.5+£0.1) eun
(1.2 +£0.1) puu
(2.0+0.2) eet
(1.3£0.1) eut
(1.1 £0.1) put
(0.5+0.1) ett
(0.2+0.1) utt

el

S

| —

OO R, NUIF = OO

eee eep epp puUp eet ept ppt ettt ptt
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Determining the Significance

Use K _information in addition to the vields = E

2 Y gusp 4378 2 bin MET
) ) .. .. <

Two bins in f (optimized a priori for expected L LH scan

significance using independent DY samples):

« N (25<K <45GeV)=9 (2.0+0.4bkgexp)
. N_(¥ >45GeV) =7 (0.7 +0.1 bkg exp) 1

Fit for most likely signal yield...

(=]

A(ln L) = In LNsigna1= 0" In Lbest - l'Lsignal
CDF Run Il Preliminary j Ldt=1.11fb"
Our result has 2A(In L) = 37.8 o sl L .Data [MZsjets
(Lg Owz @z
In 10 billion background-only pseudo-experiments, o Ozr @t
only 11 had 2A(n L) > 37.8 a 40
C
e Prob(background only) < 1.1 x 10 (6 o) ,j>j 3% { Signal Region
— |First observation of WZ production!

20-
We also note that our 2-bin result is ordinary for

the sum of Standard Model WZ and background.

* 49% of pseudo-experiments have a joint 2-bin
probability smaller than our data

10+

I-+-*-I-‘-I-+_+
0O 10 20 30 40 50 60 70 80 90
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Is it really WZ?

CDF Run Il Preliminary [Ldt=1.11b" CDF Run Il Preliminary [Lat=1.110"
§ n « Data [DZ+jets § 81 « Data [DZ+jets
L Owz [@zz 2 75 Owz [@zz

] 7 - . _
< 7_: 02y Bt g : [JZy Btt
o Z 6
..qC_J. 6— - 4(2 :

i = L o i
S 5
LLI 5_- = g 1

] LU ]

3 3 ==
2— B all= & -
t JJ i
0- 0
40 50 60 70 80 90 100 110 120 130 140 0 10 20 30 40 50 60 70 80 90 100
2 2
M, [GeV/cT] Transverse Mass [GeV/c]

m ¢’ = \/ETET(I - cosAd)

consistent with NLO
oc(WZ) =3.7 £ 0.3 pb
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Events / 4 GeV/c?

Events / 2.5 GeV

10

1074

b
™

2-D Plot: MET vs. M|

CDF Run Il Preliminary j Ldt=1.11fb"
e Data [JZ+jets
Owz [@zz
Ozv Bt
—> <
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0- .
40 50 60 70 80 90 100 110 120 130 140

g
L
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e Data [JZ+jets
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O0zy Bt
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Lt

L
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% {|[] WZ Monte Carlo
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WZ Signal Region Kinematics

CDF Run Il Preliminary J Ldt=1.11o" CDF Run |l Preliminary I Ldi=1.11fo" CDF Run Il Preliminary f Ldt=1.11f0"
o o o
§ 8 « Data [DZ+jets § 6 «Data [bZ+jets > 45] » Data [Z+jets
> O Owz [@zz > Owz @zz o Owz @zz
° . Dz B O 4 Dz B o 4 Dz Bt
P " 1 a > 3.5
c ..(B 4— —— —— E
> 5] (0] >
L > L
L 2.5
4] 31
L 2 —— —— ——
3 2 — — —— 1.5 J_—I_l_
2. LL L

| | ! b+ | U
; — ; Effl_ﬁ _I_L_l_:-_.__,_ O'Z_J EE:E_?_‘—'—-_._

40 50 60 70 80 90 100 110 120 130 140 50 100 150 200 250 300 350 0O 20 40 60 80 100 120 140
2 0
M, [GeV/c?] M, [GeV/c?] Z" p; [GeVic]
CDF Run Il Preliminary f Ldt=1.11fo" CDF Run Il Preliminary J Ldt=1.11" CDF Run Il Preliminary I Ldt=1.11b"
(@] (@] (&)
S ns e Data [bZ+jets S « Data [JZ+jets S e Data [JZ+jets
© 459 Owz [@zz o 8 Owz [@zz ORI Owz [@zz
O ~ Q) - Q] _
o 4] 0zv Bt o 7] Ozv B o 0zv Bt
o 35 o s 4 s 8 +
C C C
o 3 ) ()
i o2 T i
2.5] &)
4]
2_ —L
] 4
1.5 —| 3
2_
1 —— 2]
0.5 —I_I_|___ 1
0 T T T \H_l 1 07 1 ' T T T T 0 1 T T T I 1 T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
leading lepton p; [GeV/c] subleading lepton p; [GeV/c] subsubleading lepton p; [GeV/c]
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WZ°— eiVee+e‘ Candidate

=
[
| [ ]
!‘3 L 1 L
lepton 1
Central &
- p; = 45.4 GeV
E.= 60 1202
¥
%
Hl
. lepton 3
lepton 2 Forward e M
Central e* pr = 24.6 GeV
p; = 41.3 GeV n=-2.1 1
n =-0.6 = [

Run=154799 Event=1795709

- m12=87.91 GeV  |H;|=60.5 GeV
my13=104.37 GeV  A¢(Hr,lepton, jet)=1.5
m23:5962 GeV

Type pp n_ ¢

Central e 454 0.2 0.2
Central e 41.3 -0.6 -2.1
Forward e 246 -2.1 -1.1




W~Z° - e”v_u*u” Candidate

|
e . . lepton 1

Central e
pr =533 GeV
n=-0.6

lepton 2
Track efp”
p; = 47.9 GeV

n=1.1

lepton 3
Forward p*
p; = 40.4 GeV

n=1.6

= |

Run=167634 Event=627292

m1=131.15 GeV  |E,|=32.8 GeV
mi13=136.36 GeV  A¢(Hr,lepton, jet)=1.2
m23:88.09 GeV

Type p. . n_ 9

Centrale 53.3 -0.6 0.9
Track e/pn 479 1.1 3.0
Forward p 404 16 -0.6




W:Z°— eiVee+e‘ Candidate

 — |

1 [ E™ 1 L
lepton 2
Forward e” .
p; = 25.6 GeV -
n=19
A
lepton 1 S
Forward e Fr I
pr=28.4 GeV ¥/
n=-2.1 [
+
' +
A
# i
lepton 3
r Track efu*
p; = 34.4 GeV
|:'|- n=-01

Run=209534 Event=1735911

~ m12=190.88 GeV |E,|=31.1 GeV
m13=90.82 GeV  A¢@(Hp,lepton, jet)=1.2
m23:90.88 GeV

Type ppn__ ¢

Forward e 344 -21 28

Forward e 284 1.9 2.2
- Track e/p 25.6 -0.1 -1.2




WZ Summary

Yield improvements over previous (Winter 2000) analysis:

 Improved lepton idenfication: =x2
» Added forward electron + F_trigger: =10%

e Additional data: 30-40% (depending on channel)

WZ results

* Observe signal with significance of 66
 Measured cross section:

‘a(WZ)zS.Of}jg (stat.+syst.) pb‘

consistent with NLO prediction:
c(WZ) = 3.7 = 0.3 pb (Campbell, Ellis)
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ZZ -ttt Search Analysis

Z°7° — ¢ttt Selection:

e Same leptons as WZ search

* Triggers:

Background estimation:
Expected backgrounds from Z+jets, Zyy

* Zyy: Madgraph + Pythia + GEANT

Central e*, Central u* (CMUP,CMX)
e 4 leptons (e,u) with E_ > 20,10,10,10 GeV

* /Z mass regions:

 Z+jets from data

=1 opposite-charge, same-flavor lepton

pair in (76, 106) GeV/c?

=1 additional opposite-sign, same-flavor

pair in (40, 140) GeV/c?

Source Expectation + Stat £ Syst £ Lumi
Z+jets 0.007 £ 0.007 £ 0.004 £ -
Zyy 0.002 4+ 0.001 4 0.000 + 0.000
47 1.884 + 0.015 4+ 0.061 £+ 0.113

Total Background
Total Expected

0.009 + 0.007 £ 0.004 + 0.000
1.893 £ 0.017 £ 0.062 £+ 0.113

Mark Neubauer
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ZZ >ttt Results

sSource Expectation 4+ Stat + Syst &+ Lumi
Z+jets 0.007 £ 0.007 £ 0.004 £ -
Zyy 0.002 = 0.001 £ 0.000 £ 0.000
A 1.884 £+ 0.015 £ 0.061 4+ 0.113
Total Background 0.009 £+ 0.007 &= 0.004 £ 0.000
Total Expected 1.893 + 0.017 £+ 0.062 4+ 0.113
Observed 1

We can exclude the background-only hypothesis at 2.6 o

We determine:

‘U(ZZ)<3.8 pb (95% C.L.)‘

consistent with NLO prediction:
6(Z7Z) = 1.4+0.1 pb (Campbell, Ellis)
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Z°7° - u*u utu” Candidate

| ———
[
ED\ 1 S lepton 2-
Track e/p” ~ S o Central p
() 3 p; = 74 GeV
p; = 92 GeV Va'd
n=1.2 n=-0.6
lepton 4
Central p* 1
p; = 23 GeV
n=0.4
lepton 3
Forward p*
—=— p; =35 GeV 5
n=1.6

Run=211311 Event=233113

my1=90.92 GeV |ET|=87 GeV
mg,{2:83.03 GeV Njets =0
A’Im,{:glg.ﬁl GeV/CQ

Type P 0

Track e/pp 915 1.2 2.9
Central p 741 -0.6 0.2
Forward 4 345 1.6 -1.8
Central 225 04 -2.7




Summary and Conclusions

Tevatron Run Il pp at\s = 1.96 TeV

Using L dt = 1.1 fb" of data, we searched

a’ :
for WZ and ZZ production. s  ]=e OCDF Preliminary
5§10 .o u CDF Published
We observe 16 WZ — 3 leptons + ]Z'T o E oDO Preliminary
candidates with an expected background of c.%f . ] » DO Published
2.70 + 0.28 (stat.) = 0.34 (syst.) 3 107 BTheory
= First observation (60) | (including © 5] T S
of WZ production! ; information) 10 E
The measured cross section is: :
104
| 0 (WZ)=5.0"17 (stat.+syst.) pbl i
We observe 1 ZZ — p'u ' candidate with 14
an expected background of :
0.009 = 0.007 (stat.) = 0.004 (syst.) 10_1'
and ZZ signal of
1.884 = 0.015 (stat.) £ 0.128 (syst.)
We set the following limit: The observation of WZ represents an
- important experimental milestone in pursuit
| 0(22)<3.8 pb (95% C.L.) | of Higgs and new physics at the Tevatron!
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Plans for anomalous TGCs..

... place stringent model-independent limits on
anomalous WWZ triple gauge coupling

F'u-n_ 1.8 ). = Ag,= Ak = 0 CDF Run Il Preliminary j Ldt=1.1fb"
- F Ak =Ag,=0,.=05 =
~ 1.6 %= Ag,=0,Ak = 2.0 G 45 * Data
2. r —— A=Ak =0,Ag,= 0.5 o , 0wz
¢ 14— iy D Z(ee)y
" B [92]
"2k 2 35 [
) :_ g) B Z+jets
- 2.5] G
0.8+
| 2 —— —— ——
0.6
1.5] j —I_L
0.4 1 1L
_ '"I_
oy
0.2 0.5-_J
0_ ooy ey j—— . — I 0 | | : |
0 50 100 150 200 250 300 0 20 40 60 80 100 120 140
Z P,/ GeVic
Z p; [GeV/c]
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But what about that

... or maybe something completely
unexpected?”
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—— 1
|
— |
H E [
-
lepton 2
CrkTrk’
pP; = 256.3 GeV
n=0.5
]
lepton 1
TCE*
pr = 262.5 GeV
n=0.1
[= Pr=47.7GeV | —— ]‘
= n= 0.2 ==

Run=206537 Event=18174367

_ m19=526.54 GeV |H,|=46.9 GeV

m13=88.37 GeV  Ad¢(H,lepton,jet)=0.9
m23:22302 GeV

Type ppn @

Central e 262.5 0.1 -0.2
Track e/p  256.3 0.5 2.9
Central 477 -0.2 -0.9




Extras
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Control Regions: Z Pt

Low MET
CDF Run Il Preliminary j Ldt=1.11fb"
L 501 .
S _ « Data [JZ+jets
8 _ Owz [@zz
' Z it
L 40 B2y
5 _
C
)] |
o 30
201 + + |
Iy
10+
O_"'I"‘I"'I"'I“
0 20 40 60 80 100 120 140
Z° p; [GeV/c]
Mark Neubauer

Z Veto
CDF Run Il Preliminary [Ldt=1.115"
© 70
% : « Data [JZ+jets
: wz ZZ
O 60 O Bz
TP OZzy Bt
@8 501
C
()]
>
i

i

0 20 40 60 80 100 120 140
0
Z" p; [GeV/c]
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WZ Analysis Systematics

Variation 727 Zy tt Wz
Expected Yield 0.9 0.5 0.1 9.8
Lepton Id Efficiency | +2.0% | + 1.9% | +1.2% | + 1.9%
Trigger Efficiency +06% | +£09% | £04% | + 0.6%
H, Modeling + 1.0% | +£25.0% | +£1.0% | + 1.0%
Energy Scale + 1.0% | =+ 1.0% - |+ 1.0%
PDF Uncertainty +20% | £20%| £2.0% |+ 2.0%
Cross-Section + 10.0% | + 20.0%* | £ 10.0% -
Total + 10.5% | +32.2% | £ 10.3% | + 3.2%

* includes conversion and material description systematics.

Mark Neubauer SMU Seminar/Jan 22, 2007



ZZ Analysis Systematics

source Uncertainty
Expected Yield 1.88
Lepton Id Efficiency + 2.2%
Trigger Efficiency + 0.8%
K, Modeling + 1.0%
Energy Scale + 1.0%
PDF Uncertainty + 2.0%
Total + 3.4%
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MlepTrk vetoed event

=———— Run=182890 Event=2028686

— _ ——

7 lep 3: gamt:%(:lis — ! W m12=131.40 GeV |H,|=31.3 GeV
pr =28.0 Ge _ _— .
=07 lep 2: CriTrk 13— 90-61 GeV A¢(H ., lepton, jet)=0.8

pr = 49.5 GeV m23:49.63 GeV
n=1.3

Type Dt n ¢

CMUP 59.9 -0.2 -1.1
CrkTrk 495 1.3 0.9
CMIOCES 28.0 0.7 2.1

e

Veto track right behind MET vector
Iso = 0.15

Track pt ~ MET so we'd get small METcorr
Probably ZZ - 4 u event that we (rightly) vetoed
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Integrated Tracking System

L ? : f £ | -u. P .‘-}.;, B
| Lo }

~ 64 cm

Silicon system:

SVX II

* 5 layers double-sided

silicon — r-¢, r-z tracking
s °*2.5<r<10.6 cm

* 96 cm long

— x2 Runl acceptance

ISL
* 2 additional Si layers
*r < 28 cm; cover |n|<2

- LOO

Tracking in a nutshell: -

1) Segments formed from hits each .
COT superlayer (SL) -

2) Segments linked together to form
2D track

3) Stereo segments linked into 2D
track and helix fit is performed

4) COT track extrapolated into SVXII,
outer layers first

5) SVXII hits consistent with COT track e * inner Si laye]_" at beam
are added succession, with track ! \L'l"“ o pipe (R = 1.5 cm)

refit after each iteration SVX i INTERMEDIATE (LOO not used in our analysis)
5 LAYERS SILICON LAYERS
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Higgs Production: TeV vs. LHC

SM Higgs production

5 SM Higgs production

r_;
Xz
@

G [fb]

10 qq — Zh - bb—h
9 10 2 gg.qq — tth
I ge.qq — tth : E gb — qth E
TeV4LHC Higgs working group - qq — 7
1 1 Y I | | 1 I O | | 1 I O | ‘ 1 Y A | L1 TeV4LHC H]gg\ wg)rking‘gr()up |
100 120 140 160 180 200 — ' —
100 200 300 400 500
m, [GeV] m, [GeV]
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Recent CDF W Mass Result

W = :
V2G, sin’®, (1 - Ar)

Radiative corrections
. TI:G‘EM / . '
- dominated by top, Higgs

Top mass uncertainty (1.2%)

contributes 0.016% to ém

CDF Run | ®

80433 + 79
D@ Run | g

80483 + 84
DELPHI ——

80336 + 67
L3 ——

80270 + 55
OPAL ——

80416 + 53
ALEPH ——

80440 + 51
CDF Run Il (prel.) ——

80413 + 48
World Average 2007 -8

80398 + 25

| | | I | |
80100 80200 80300 80400 80500 80600

W Boson Mass (Mew::z}
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SM Higgs mass: 80™°°

experimental errors 68% CL:

LEFPZ2/Tevatron (today)

Heinzmeyer, Hollik, Stockinger, Webar, Weiglein '0E 7]
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