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High pr physics at the Tevatron

_Jevatron Run Il, pp at\s = 1.96 TeV

e Robust high-pt physics program spanning a
wide range of cross sections

e High precision measurements to recent
discoveries

¢ Measurements allow us to probe the
standard model

e Top quark gone from discovery to
precision measurement in a decade

e All SM diboson modes observed in Run |l i
e Sets us up to look for the Higgs .

. {1 —LEP2and T l.
e Top and W masses constrain the mass of o] ops g en et

the SM Higgs | esxoL

¢ Measurements shown here are important
backgrounds for Higgs searches

e See W. Fisher’s talk for latest on Higgs
searches

o CDF Preliminary -
= CDF Published ]
o DO Preliminary
* DO Published -
BTheory ]

w10

Production Cross Section [pb]
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The experiments

e (General purpose detectors

e Nearly all aspects used in electroweak and top physics analyses
e “Mature” experiments

e Stable running and no major upgrades

e Allows us to focus on acquiring data and analyzing it
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Speaking of data...

e Excellent accelerator performance
e |nst. lum. exceeding 3x10%? cm=—=s™’

e Over 6 fb! delivered to each
experiment

e Results shown today use < 3.6 fb
e Every bit of data helps

° Even analyses Wlth “abundant” 4 . s o e e
statistics (e.g. W mass) | | e

¢ Many thanks to the Fermilab accelerator
division!

«  Delivered
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Precision physics: measuring the W mass

. _ 0o (1 —
e At hadron colliders, rely on transverse mass, mr \/ 2p7p7 (1 — cos Agy)

mt

e Requires precise measure of charged
lepton pr and hadronic recoll

e Use well-measured resonances to calibrate

- Ap/p=(-1.38=0.06) x 10°
3000— +

Tracks with
beam constraint

x3/dof = 26 /18

tvents / 15 MeV

o Z boson, J/, Y ..
¢ Requires detailed knowledge of e
detectors T e
e Perform fits to templates generated from
calibrated simulation "

e First Run Il result from CDF using 200 pb
mw=80413+34(stat)+34(syst) MeV/c?
Published:

Phys. Rev. Lett. 99, 151801 (2007) soo | my = (80349 - 54) Mev
Phys. Rev. D. 77, 112001 (2008) _

1000 —

Events / 0.5 GeV

¥/dof = 59/ 48

1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 !
%0 70 80 90 100

my (GeV)
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W mass measurement: DO w

|.’f-§m:11‘f:£* o(mw) MeV mp

~ DO Preliminary, 1 fb" < DATA 'Experimental
Electron Energy Scale
— FAST MC ==
Flectron Energy Resolution Model
Electron Energy Nonlinearity
_ _ W and Z Electron energy
I{ Fit Region loss differences

Events/0.5 GeV

x%/dof = 48/49 Recoil Model

Electron Efficiencies
Backgrounds
E}cpef‘imental Total
W production and
decay model

PDF

QED

Boson pr

W model Total
Total

e Electron channel with 1 fb

e Combines all 3 fits
80.401+0.044 GeV mw=80401+21(stat)+38(syst) MeV/c?

80.400+0.048 GeV ¢ Single best measurement of mw

missEr 80.402+0.050 GeV e Both CDF and DQ looking at larger
datasets

See J. Zhu'’s talk o ~25 MeV precision
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Diboson physics

e Important test of standard model

e Production rates would be altered by anomalous
triple guage couplings
e /77, ZZY, ZyY not permitted in SM

e Critical for SM Higgs search

e Similar final state to dominant decays of both
light and heavy SM Higgs bosons

e Provided a series of natural benchmarks for Run ||
analyses in the electroweak sector

e WW, WZ, and ZZ all observed with 50
significance at Tevatron
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WW production @%

CDF Run Il Preliminary fL=3.6 b’
Fitted Templates .
P Background

e
N
o

A////////'M' T

e Offers a clean and relatively high statistics final
state

e 2 charged leptons and missing Er
e CDF analysis uses matrix element-based likelihood
e Based on H—=WW analysis
SSRNNS

e Most precise measurement twice in April: WL L,
DJ(1.0 fb') oww=11.5+2.1(stat)+0.7(syst) pb

CDF(3.6 fb™') oww=12.1+0.9(stat)'1 2 (syst) pb
e DO analysis places new limits on anomalous TGCs

Events / 0.04
o
o

[}
o

+

_+_

CDF Run || 14.6 >
184 pb” '

DO Run | 13.8 *,2
224-252 pb’’ :

D@ Runll Preliminary (1 fb5 DO Runll Preliminary (1 f§) D@ Runll Preliminary (1 fb')
~04@ 5704 (P) 67,4/ (C) CDF Run II* 13.6 *27
0-4: < 0-4: /\ 4 0-4,

T i I 825 pb -3.0
0.2 * 0.2 ) 0.2 \\ oo
o ( = 0 (——— 0 \\*J DO Fun 1 157

-0.2; -0.2] -0.2/ P18
i i i CDF Run II* 121 7,7
-0.4 -0.4; -0.4 3600 pb” :

*Preliminary

P R A B — ol b b b b b b b b U
-04-02 0 0.2 04 2 4 6 8 10 12 14 16 18 20 22
>‘Y WW Cross Section (pb)
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// production w

e Smallest cross-section of SM diboson states
e 4 charged leptons: unmistakable signature
e 2 charged leptons+2 neutrinos: added statistics
e SM prediction: 0zz=1.4+0.1 pb
e | ast year
e CDF: 02z7=1.4*064 7 pb (4.40)
e DO

[ DG Runll, 1.7 fb' ® /e data
v 4u data

[ ]signal
B background

Events/50 gev
INI T T I.u.I

-t
(3)]
T ———

—t
T T T T T 1

0.5}

e 41 (1.7 fb', Run 2b): 0zz=1.75*1-%"_9.86 pb (5.30)
o 21+2v (2.7 fb): 022=2.01:0.93(stat)£0.29(syst)pb 0 108 200 30 a0 500

Four lepton invariant mass (GeV)

(2.60)
e Combined (includes 1 fb-! Run 2a 4l analysis):
0zz=1.60+0.63(stat)+0.17(syst) pb
e Significance of 6.70 First observation!

Phys. Rev. Lett. 101, 171803 (2008)
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e Search for VWV (V=W,2) where one boson
decays hadronically

WW/W./Z7 with a hadronic final state @

CDF Runll Preliminary
L I L IR

(*))

e Much larger background

e Topologically very similar to low mass SM
Higgs (WH and ZH)

e Evidence presented by DJ using 1 fb™’
e Require one charged lepton: Ivqgq’ final state

Events/8GeV/c?

N

e Allows for vvqq’ as well as Ivqq’ final states o.2

Data (3.5 fb™)
EWK Uncertainty
Background

2
e o\=20.2+4.5 pb (4.40) E

e CDF analysis using 3.5 fb
e No charged lepton requirement

1 Diboson Signal
Signal Uncertainty

0.4

e Observe 1516+239(stat)+144(syst) diboson °

-0.2
events

40

ow=18.0+2.8(stat)+2.4(syst)=1.1(lumi) pb
e Significance of 5.30 First observation!
* Theory: ow=16.8+0.5pb
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W&C seminar this Friday
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Top palr production and decay at the Tevatron

e QCD pair production

q t /J/JQ‘ t
e Dominant source of top quarks for study DOOO( (\’t)()()()(
[0=6.7+0.8pb @175 GeV] £ ® K ¢

t
~85% T ~15%

e Decay
¢ Top quark decays before hadronization
ot — Wb ~100%
e Can identify b quarks from secondary decay
e Top pair decays defined by decay of W
e “dilepton”: both Ws decay leptonically

* “lepton+jets”: one W to quarks and other to
leptons

e “all jets/hadronic”: both Ws to quarks Top Pair Branching Fractions
. “alljets™ 44%
e Cross section measurements
® Inconsistency across channels could indicate iets 15%

new physics o %’
® Provides sample compositions for other e

o\
WY TR

measurements x sHjets 15%

"dileptons™ "lepton+jets”

L+jets 156%
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Top pair cross section: dilepton channel @w

¢ TWO We”_ldentlfled Charged Ieptons (e or I"l) Pretag Top Candidates With Njet= 1 Tagged Top Candidates With Njet= 2
e b-tagging not required to have relatively pureg® — _|&7"Preimnen 28071 o coFipretiminary 281"

100f ! Entries 231|] | Ve Entries 160
sample | les 2311 |

e Requiring a tag results in almost pure signal | |
sampie 01

e CDF analysis in 2.8 fb! in both samples : | S . Foeer )
Opre=6.7+0.8(stat)+0.4(syst)+0.4(lumi)pb I BRI o i 185 130T

Otag=/.8+0.9(stat)+0.7(syst)+0.4(lumi)pb

D@, 1 fb™

—®— 5(pp— ti+X — Il & l+T+X)
- | ---- Experimental uncertainty
— + jets
|+ jets - ——— NNLO approx Moch and Uwer|
B NLO+NLL Cacciari et al.

D@ Run Il Preliminary

ey
a
T

e Exclusive sample: one T and one e or
e Search for hadronically decaying T
e NN tagging algorithm to identify b quarks -
e DJ analysis with 2.1 fb :
¢ 01 =7.32" 3 (stat) | 2(syst)+0.45(Ilumilpb T T F Tl Tiucszime o

e Combined with other dilepton results [1fb]: Top Mass (GeV)
ou=7.1=1.0(stat)*>/(syst)'>2 (lumi)pb

Number of events
S
T
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Top palr cross section: lepton+jets @%

e One lepton, 3 or more jets: “golden

[l pata

[l Top (7.2pb)

Channel,, f R \ \ [l single Top

N Bw.nrF
e Reducing background : B e
B Bz+jets

e |[dentify b-jets via tags, or :

e Topological separation of signal and
l background via neural net

0
1 Jet 2 Jets 3 Jets 4 Jets =5 Jets

CDF Il Preliminary 2.8 fb™ N = 3 CDF (2 7 fb—‘l ) : Ac/o~12%

*‘ B data (5267 evts)

B tor o0=7.1+0.4(stat)+0.6(syst)+0.4(lumi)pb

Bl W+jets
» 600
+-aco : L=0.9fb"' < D@ Data
4 | i
" other
" Wijets
B Multijet

N events

Number of event

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
NN output

CDF (2.8 fb™):; A0/G~10%
0

0=7.1+0.4(stat)+0.4(syst)+0.4(lumi)pb DQ (0.9 fo): 0 \ b1 y zdz_t
umber of tagged jets

0=7.4+0.5(stat)+0.5(syst)+0.5(lumi)pb
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Reducing systematic uncertainty @

e Uncertainty from luminosity begins to dominate
e 0=7/.1+0.4(stat)+0.4(syst)H0.4(lumi)| pb

e Reduce by normalizing to Z cross section

theor
o =R-0,°"

e Measure R in ttbar data sample and multiply by Z cross section from
theory

e theory: z= 251.3 + 5.0 pb [J. Phys. G: Nucl. Part. Phys. 34 (2007) 2457]

e Results:
e Topological (NN): 0=6.9+0.4(stat)+0.4(syst)+0.1(theory)pb
e b-tagged: 0=7.0+0.4(stat)+0.6(syst)+0.1(theory)pb

e Relative error on NN cross-section is 8.3%
e Comparable with error from theory
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Cross section summary

CDF Run Il preliminary’ July 2008
' ] Cacciari et al., arXivi0804.2800 (2008)  Assume m=175 GeV/c?

Kidonakis & Wogt, arXiv:0805.3844 (2008) _ L.

[T Moch & Uswer, arXiv-0807 2794 (2008) Dg Runll - preliminary May 2009
. —

O

“Lepton+Trac
5_: 1.1 fb'l)( 8.311.3+0.710.5 I+jets, dilepton, t+lepton (PrRD)

He+H +0.46 +0.66 +0.54
o 1.0 o 7.84 545 054 —0.46Pb

Lepto""Traq)“ Vertex tag 10.11.8+1.140.6 I+jets (b-tagged & topological, PRL)

(L= 1.1fb 1
09fb”

6.7+0.8+0.4+0.4 |‘|;j§t;_fneural network b-tagged, PRL) 8.20 igg% :g;; iggg pb

e 151
’ - Ki i dilepton (topological, PLB) +1.12 +0.78 +0.64
+ ]
Le{pitgr;zlé%s_HMnemahc ANN 6.8+0.4+0.6+0.4 10 ot 6.98 "1 04 059 051PP

7.42 :0.53 £0.46 £0.45 pb

Dilepton
(L=2.81b )

I+track (b-tagged)* +16 +0.9
o 5.0 ") ;5 =03 pb

tau+lepton (b-tagged)* 7.3 +134+1.20

'Le{thE)r12+ép%§%}Soﬂ Electron T@ 7 8+2.4+1 5+0.5 29 fo-! -124-1.06

‘Lepton+Jets; Vertex Ta

+0.45 pb

tautjets (b-tagged): 51 *43 +07
y . _ ! 135 07
Le{thi)r‘|2+éE;LS_1}SDﬂ Muon Tag 8.7+1.1+0.9+0.5 0;4 fb™!

: alljets (b-tagged, PRD) 4.5 *20 +H 03 pb

L 0.4 fo! -1 -

: 08 A
ME(I:J{?ES fg %ﬂex Teg 6.141.2 +,5+0.4 (stat) (syst) (lumi)

+0.3 pb

I M. Cacciari efal., JHEP 0809, 127 (2008)
N. Kidonakis and R! Vogt, PRD 78, 074005 (2008)
S. Moch and P. Uwer, PRD 78, 034003 (2008)

Myp = 175 GeV

All-hadronic: Vertex Tag 20
2 8.3+1.0 +7540.5 CTEGS oM

(L=1.0b)

'CDFcombmﬁd ! I 70i03i04i04 NN L L

(L= 2.8 fb

_ 0 2 4 6 8 10 12
(stat)t(syst)=(lumi)

I o (pp — tt + X) [pb]
14

e Cross section measurements consistent across channels and experiments
¢ Tevatron combination underway
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Single top

e Electroweak production of single top quark
e s-channel: ono = 1.98 £ 0.21 pb
e t-channel: ono = 0.88 = 0.07 pb

e Allows for
e Direct probe of t-b vertex

e Several BSM phenomena (W’, charged
Higgs, etc.) GDF Run Il Preliminary, L=3.2flb'1

e Similar final state as WH—/vbb } Hroname ]

1 1) . U)4OOO Z 7 -vaigﬁ:m

e Not as “easy” as top pair measurement 777 B ebotom |

L [ Non-W ]

e | arge backgrounds with large 000 | —fo
g Bt

SyStemathS © E/;//// 7 ngFUDatat
. . - .=2000 7 ~“~ Sys Uncer
e Makes counting experiment difficult s

e Rely on multivariate techniques © 77777777

1000 %

W+1ljet W+2jets W +3jets
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0

—xtracting a signal

e Both CDF and DQ use a range of multivariate techniques to extract a single
top signal

¢ |ikelihoods based on SM matrix elements
e Decision trees

e Neural networks

e Combine all methods for maximal statistical power 2 *‘

¢ Data

B th+tqb D@ 2.3 fb”

Il Wbb

¢ Data

o D@ 2.3 fb

0

Il Wbb

M wee

M wjj+Wej 150
Z+jets

WU

M (i /+jets 100

Il Multijets

50

Il Wce
B Wjj+Wej 150
Z+jets

3
2
=
e
1 <€
o
>
w

Event Yield

| Y]
B i (+jets 100
Bl Multijets

50

86

0
0.2 04 06 0.8 1 ) ) 06 08 - -0. 0 0.5 0.2 0.4 0.6 08 1 0.2 0.4 0.6 0.8 1
LF Discriminant ME Discriminant

FNAL Users’ Meeting, 6/3/09

NN Discriminant .
iscriminan Boosted Decision Trees Output Bayesian Neural Networks Output

CDF Run Il Preliminary, L=3.2fb"'
- Single Top
I W+HF
B R H,< 175 GeV
Wl i (+jets
QCD+Mistag L B Multijets

I Other

06 08 1 +— Data
BDT Discriminant LFS Discriminant

¢ Data |
mor D@ 2.3 fb
I wWbb

I wee

M wjj+Wej

B Z+jets

DG 2.3 fb”

Event Yield
Event Yield

H,> 175 GeV

04 06
Matrix Elements Output Matrix Elements Output
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—Xtracting a signal @w

e Both CDF and DQ use a range of multivariate techniques to extract a single
top signal
e |ikelihoods based on SM matrix elements
e Decision trees
e Neural networks

e Combine all methods for maximal statistical power

Final Discriminant

DQ 2-3 fb_1 Signal Region

CDF Run Il Preliminary, L = 3.2 fb'
B single Top
- W+HF
B
QCD+Mistag

- Other

—s— Data

DG 2.3 fb™

Data ¢ *
tb+tqgb
W+jets_ [ | + +

tt .
Multijets IR

o
(]
(@]

%.8 0.85 0.9 0.95 1
Ranked Combination Output

Yield [Events/0.04]

N
o
o

02 04 08 08
Super Discriminant B

0 0.2 04 06 0.8 1
Ranked Combination Output

05 1
MJ Discriminant
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Single top: result w

CDF Preliminary Single Top Summary
For M, = 175 GeV/c®

S-Channel
Likelihood, Function
(3.21")

Neural Nefwork
321")

5.0 CDF (3.2 fb~') March 2009 [m=175 GeV/c?]

(3.21")

Likelihood, Function _ arXiv:0903.0885

(3.21")

Single Top | Signal Significance CKM Matrix
Cross Section |Expected  Observed Element Vip

Boosted Decision Tree
(321")

Combinatipn (Lepton+Jets)

e, R . Vio|>0.71 @95%CL
Comb'inat_ipn (All Channels) , _ : p >590- 500- |th|=091 iO‘I 3

. @2m) l

-5 0
ingle Top Production Cross Section (pb)
ivan, Phys.Rev.D 0: N.Kidonakis, Phys.Rev.D74,114

NLO: Z.Sulli R 70,114012 (2004) NNNLO: n 012 (2006)

D@ 2.3fb™ March 2009

I
Decision Trees 3.74 igj?g pb

|
Bayesian NNs 4.70 :&;g pb
|

Matrix Elements 430 3% eb | 13.94+0.88 pb

BLUE Combination 4.16 +0.84 pb

|
BNN Combination 3.94 +0.88 pb
|

e PR TR G000 = D e 50 Observation from both CDF and DO!

i | | I | | | | ] | |
0 5 10

o (pp — th+X, tqb+X) [pb]

|Vip|>0.78 @95%CL
Vip|=1.07+0.12

FNAL Users’ Meeting, 6/3/09 B. Jayatilaka



More precision physics: measuring the top mass

¢ Difficult measurement
e Most information carried in quarks

e Can only measure jets resulting from
quarks

e Jet-parton assignment
e QCD radiation
e Jet energy scale (JES) uncertainty dominates
[~3%]
e Can be reduced via in situ measurement
from hadronic W
¢ Mass measurement techniques

e Matrix element: form probabilities as function
of mtand JES from SM MEs, convolute with
detector resolution functions and integrate

e Template: form templates as function of m:
and JES from fully simulated events

FNAL Users’ Meeting, 6/3/09

Calorimeter jet

Particle jet

Q;_{‘%FQ
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Top mass: lepton-+jets channel

e Fully reconstructable final state

e Reduce jet combinatorics and background
by requiring =1 b-tag

e Matrix element technigue for probabilities
¢ |n situ JES calibration

e Form 2D likelihood as function of top mass
and shift in JES error

e CDF (3.2 fb)
m=172.1+0.9(stat)+1.3(syst) GeV/c?
e Single best measurement, precision <1%
e DJ (3.6 fb™)
m=173.7+0.8(stat)+1.6(syst) GeV/c?

FNAL Users’ Meeting, 6/3/09

_

2
(2]
w
-

<

1.
1.

0.8
0.6
0.4
0.2
-0
-0.2
-0.4

CDF Run Il Preliminary 3.2 fb”

—A(InL)=-0.5
— A(InL)=-2.0
— A(In L) =-4.5

n
1]
= 1.06

1.05F

1.04F

:I I I | I I I | 1
0988 170 172

1.03F
1.02F
1.01F

1F

-0.6
167 168 169 170 171 172 173 174 175 156

m, (GeV/c")

DO Run IIb Preliminary, L=2.6 fb™

~ lepton+jets with prior

A InL=2.0 /
N

A InL=4.5

174

176

178 180
Mtop (GeV)
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Top mass: dilepton channel @w

. . . . _ -1 | x?/ndf 13.26/8
e Two neutrinos result in kinematically under- DO Run lIb prel, L=2.510" |, ooster- oosses

| ' |
p1 3.13 = 0.05955

constrained system R IGSCINEC [ g
e Requires integration over at least one variable | T :
e DO (3.6 fb-) 3 R
¢ ey channel and matrix element technique
m=174.8+3.3(stat)+2.6(syst) GeV/c?
e Combine with template measurement from 1 fb

m=174.7+2.9(stat)+2.4(syst) GeV/c? Amd/mi~8% |
e Single best measurement in channel, 180

My, (GEV)
precision~2.2%

+ Data |
Bkg. Uncert. |

e CDF (2.0 fb™)

e Evolutionary neural network to optimize selection
for top mass

* m=172.1+2.7(stat)+2.9(syst) GeV/c> Amymi~9%

e Phys. Rev. Lett. 102, 152001 (2009) — T
Neural Network Output
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Top mass: all hadronic @

CDF Run Il Preliminary (2.9 fb™)

D
o

—— Data
B Fitted 1t

| Fitted Bkg

e Final state entirely measured (6 jets)
e \/ery large QCD background :
e Require =1 b-tag or 2 b-tags : ’“’.",“.fo;‘;;”
e Further reduce background with neural net
trained to identify non-top background
e Template method for mass measurement Wm0
e Calibrate for JES in situ as in lepton+jets

CDF Run Il Preliminary, (2.9 fb")

- -Ln(LL__) Contours, 1+= 2 tags events
e CDF (2.9 fb-) 4

m=174.8+1.7(stat)+1.9(syst) GeV/c?
¢ Precision of ~1.5%

r > 2 tags events m:ec

Events/(5.0 GeV)
a
o

'S
o
LI L L L L L L

-1} * Fitted Values
__-Ln(LUL_)=45
B max

48f_ -LnlLL_ )=2.0

=~ max

F__-Ln(LL_)=0.5
-_I|III|III|III|III|III|III|III|III|III|I

166 168 170 172 174 176 178 180 182 184
Mtolo (GeV)
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Tevatron top mass combination

o
CDF-I di-I

o
DO-I di-l

pg: () gy

CDF-II di-I

'DO-1I di-|

Mass of the Top Quark (*Preliminary)

167.4 £10.3+4.9
168.4 +12.3 + 3.6
171.2+27+2.9
174.7+29+24

CDF-I 14]

176.1+ 5.1+ 5.3

DO-I I+
‘CDF-Il 14]

'DO-Il I+]

180.1+ 3.9+ 3.6
1721+ 09+1.3
173.7+ 0.8+ 1.6

CDF-I all-|

‘CDF-Il all

"CDF-Il trk

Tevatron March’09
hep-ex/0903.2503

186.0 +10.0+ 5.7
1748+1.7+1.9
175.3+ 6.2+ 3.0

173.1£ 0.6 £ 1.1
(stat.) = (syst.

»2/dof = 6.3/10.0 (79%)

150 160 170 180
My, (GeV/c®)

FNAL Users’ Meeting, 6/3/09

190 200

m=173.1z0. Ohtat):n 1 (syst) GeV/c?

March 2009

|
1 —LEP2 and Tevatron (prel )

- LEP1 and SLD
68% CL

200
m, [GeV]

Combine using best measurement per channel,
per experiment: 0.75% uncertainty

New electroweak fit incorporating new top
mass combination and W mass
measurement: mu<163 GeV/c? @95% CL

Both experiments working to better understand
systematics
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Forward-backward asymmetry

Reconstructed Top Rapidity

I I T I
A = 0008 +0.036 | | | |- Data
Signal 776 events
ASE = 0,02 + 0.0071 = Signal + Bkg

A9 = 0,0028 + 0.0059 776 events
Bk
A2 =0.059 + 0.0079 EBkg

— 167 event
—  CDF Il Preliminary 1
L=32fb"

_+_

-1 -0.5 0 0.5 1

W

(2+]
o

= o
o O

)
o

N III|III|III|III|III|III|III

A

|=
=a -
gMII||III|II||III|||I|III||II|

g>
""C*

e New physics could result in large Ars e Use rapidity of hadronically decaying
asymmetry top

e NLO QCD calculations predict e Correct for detector effects
AFBZSi1 5% ° CDF (32 .I:b_1)

* Measure in lepton+jets channel An=19.3+6.5(stat)+2.4(syst) %
* >4 jets, =1 b-tag
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Anomalous couplings of the tbl\/V vertex w

e General form of tbW vertex:

q t
L = —%M“th(EPL + 11 Pr)tW, /vvv;{v\/
9 ot g Vi (EPL + | PR)tWN_ + h.c. o .

V2 Mw
e =1 and =0 in SM
e DO: search for deviations from SM

0.9 fb! of single top data

DQJ 0.9 fb™, single top only i D@ 0.9 fb™, single top only - D@ 0.9 fb™!, single top only
® Measured Peak i ® Measured Peak I ® Measured Peak
[J68% C.L. 5l []68% C.L. I [J68% C.L.
M 90% C.L. [ M 90% C.L. T M 90% C.L.
B95% C.L. [ B95% C.L. i [ 95% C.L.
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Anomalous couplings of the tbl\/V vertex

e General form of tbWW vertex:
L = _%b/yu%b(EPL - flﬁ-PR)tW,u_
Sebio Ve (FHPy + [fHPR)W, + he

e =1 and =0 in SM
e DO: search for deviations from SM

Add 2.7fb! of top pair data
from helicity fraction measurement

- D@ Preliminary 0.9-2.7 fb” - D@ Preliminary 0.9-2.7 fb™ - D@ Preliminary 0.9-2.7 fb™
® Measured Peak I ® Measured Peak I ® Measured Peak

[ ]68% C.L. 5 [ ]68% C.L. 5 [ ]68% C.L.
[ 90% C.L. i W o0% C.L. I M 90% C.L.
95% C.L. i M 95% C.L. i [ 95% C.L.
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Resonant production in top sample w

DO, L=3.6 fb' = Data
Prelim. [ ]z’ (650 GeV)

M ;i

Wjets
Other MC

I Multijet

o]

o
’ﬂ-)\
~

e Search for narrow resonances decaying to
top pairs

e DJ (3.6 fb)
¢ | epton+jets channel
mz<820 GeV/c? excluded @95%CL

e CDF (2.8 fb™')
e All hadronic channel [leptophobic Z’] 200400 800800 O e

2]
o O

o
o
II|III|III|III|III|III|III|III|III|I

N
o

_Events/25GeV
»r O ® N
© © O o

e

-

}

mz<800 GeV/c? excluded @95%CL CDF Run Il preliminary, L=2.8fb"

—=— Expected limit at 95% C.L.

£

W
(3

— pected limit at 95% C.L. +1o
Expected limit 95% CL —

Expected limit 68% CL |

* Observed X cross-sectioE
s---Topcolor Z (CTEQ6L1) T

DO Runll, L=3.6 fb’
Preliminary

Expected limit at 95% C.L. +2c

W

—=#— QObserved limit at 95% C.L.

-BR(X’- tf) [pb]

N
(3

Leptophobic Z',['7=1.2% M.

G)Eu

o, B(X—tt) [pb]

700 800 900 1000 1100

| N T I T A L
My [GeV] ~550"600 650 700 750 800 850 900
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Conclusion

e Just a sampling of results
e http://www-cdf.fnal.gov/physics/physics.html (CDF)
e http://www-d0.fnal.gov/Run2Physics/WWW/results.htm (DO)
e Numerous publications and PhD theses from both experiments
e Top and electroweak sectors reaching realm of precision physics
e Two measurements of W mass more precise than any single LEP result
e Top mass uncertainty to <1%
e Checking off remaining standard model business
e All SM diboson states observed
e Single top production observed
e Much more data on the way
e >5 fb-1 already on tape
e Stage is set to find the Higgs
e | ets do it!
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W Helicity @w

CDF Preliminary (JL dt=1.9 fb'l)
Assumes m; = 175 GeV/c2

e In SM, t Wb with 100% BR

e Due to V-A, expect:

_eft handed: f.=0.3

_ongitudinal fo=0.7 Cos 8 Unfolding:
.  e—®

Right handed: suppressed £.=0.150.10:£0.04 £,=0.38 20214007

ITERERRE RN HHY
TR HY

Matrix Element:

+

(fix f+ = 0.0)

f =0.64 +£0.08 £0.07

nmnnnnnmm O

e cos O - angle between d-type fermion and W A 00 (fix £9-0.7)
rest frame wrt t direction -

(fix f+ = 0.0) @

£ =0.66£0.10 £0.06

DO Run Il Preliminary 60— D@ Run Il preliminary
- Lepton+jets channel —e— D@ data, 1.2 (a)
— Signal + background

L W— v SM Signal + background
40 [ Background

nummnmm O

Cos 0* Template:

®
£.=-0.03 £0.07 +0.03 f,=0.65+0.19+0.03

L=2.2-27fb"

Entries/0.1

20 -+

¢

(fix £0=0.7)
f,=-0.04 £0.04 £0.03

-1 -0.5 . .
(fix £+=0.0) £,=0.59 +0.11+0.04

DO (27 fb-1) | E IR R R RN BRR RN g Ll
f0=0.490+0.106(stat)+0.085(syst) o 02 04 06 08 1
gl f+=0_-1 10 10059(81:3.1:) iOO52(SySt) W-Helicity Fraction from Top Decay

CDF (1.9 fb)
f0=0.62+0.10(stat)+0.05(syst)
f.=-0.04+0.04(stat)+0.03(syst)
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Top mass summary

CDF Top Quark mass (*Preliminary)

All-hadronic
(RunI)

Dilepton
(Run l)

186.0+10.0+ 5.7

167.4+10.3+4.9

Lepton+jets
(Run )

Dilepton

(1.917)
o

*Lepton+Jets (Lxy+lepton pT)

(1.917)
@

Lepton+dJets
(3.217)

"All-hadronic
(2917

'CDF Winter 09
(3.217)

176.1+ 5.1+ 5.3

171.2+2.7+29

175.3+ 6.2+ 3.0

1721+ 0.9+1.3

1748+1.7+1.9

1726+09+1.2
(stat.) = (syst.

y2/dof = 3.6/6 (73%)

150 160 170 180
My, (GeV/c?)
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190 200

DO -preliminary Winter 2009

Run | Dileptons H 168.4 £ 12.3 £ 3.6 GeV

Run | Lepton+jets 180.1+ 3.6 + 3.9 GeV

Run Il Dileptons * 174.7 £+ 2.9+ 2.4 GeV

Run Il Lepton+jets * 173.7 + 0.8+ 1.6 GeV

DO combined (march 2009) 174.2+ 0.9+ 1.5 GeV

World average (march 2009) 1731+ 0.6 + 1.1 GeV

Run Il o(l+jets,I1,1+7) * —e— 169.1+ 5.6 GeV

1 N 1 L 1 L 1 . 1 . 1
150 160 170 180 190 200

Top Quark Mass (GeV)

e Consistent results across channels and
experiments

e Combine using most precise measurement
per channel per experiment
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