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Outline

* Top Signature
— Separating signal from background

tt Production Cross Section
— Testing QCD, looking for anomalies

Measuring the top mass
— EWK radiative corrections, My, & M

* Mg
— Searches for anomalous production mechanisms
V,, and Single Top Production

Tests of Top Quark Decay

~ W Helicity

— Rare decays

* Forward-Backward Asymmetry

Conclusions
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Dilepton

When one W decays to e or p the
event is a “leptontjets” event and
has four jets and missing E; from
V| the neutrino.

Lepton+ijets

+ Cleanest, but fewest events (BF=4/81)

» BF=24/81, but significant background

from W+jet production.




Lepton+jets Events: Background Suppression

W+multijet background (example):
:EE% |
g H

Two techniques: —

1) “Soft muon tagging” identifies a —
muon in the jet from a semileptonic
decay Ofa B hadron SEEﬂ"dﬂl‘T v

2) “Secondary vertex tagging” finds o _
the decay vertex of the long-lived B | == L S
hadron in the jet

Primary vtx

Typically we require at least one jet to be “b-
tagged” in a top leptontjets candidate event







tt Production Cross Section

Candidate events
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tt Production Cross Section
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tt Production Cross Section

85% at the Tevatron 15% at the Tevatron
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tt Production Cross Section

CDF Run II Preliminary £ = 2.7 fb~!

FProcess djets 4jets Hjets
Pre-tag Data 1985 1030 318
Whh 425 + 131 | 1688 £ 58 | 54 4+ 2.0
Wet 2007 £ 65 | 9.0 +3.1 30+1.1
We 126 £ 40 | 41 +14 1.1+ 04
Mistags 335+565 | 102+32 | 27+13
Non-W 2001 £ 6.8 | b6 + 4.8 20+ 23
Z+jets 43 + 05 1.8 £ 02 0.6 + 0.1
WW 51 + 0.6 22+£03 0.8 + 0.1
WZ 1.5 + 0.2 0.7 £0.1 0.2 £ 0.0
ZZ 0.3 £+ 00 0.2 £ 0.0 0.1 + 0.0
Single Top (s-channelj| 6.4 + 0.6 21 +£0.2 0.5 £ 0.1
Single Top (t-channelj| 6.1 + 0.5 20 +£02 0.4 £+ 0.0
tt (7.2ph) 2715 + 35.8(337.1 + 44.3[{1205 £+ 15.8
Total Prediction  [424.6 + 44.4|391.5 + 46.1|137.3 + 16.5
Observed 418 396 135




Limiting Factors

» The dominant background is Whb and
predicting it leads to one of the dominant

systematics. systematic | A opb | A o /o %

JET ENERGY SCALE 0.16 2.2

BOTTOM TAGGING 0.38 5.2

CHARM TAGGING 0.08 1.1

This table is for the CDF MISTASS o 21
lepton-tjets with vertex tag d 0.23 3.2 >

measurement in 2.7 pb! LUMINOSITY 0.47 58

QCD FRACTION 0.02 0.2

RS 0s 1

QR oo+ | oo

TRIGGER EFFICIENCY 0.05 0.6

PDF 0.06 1.0

TOTAL 0.67 9.3




W+Heavy Flavor Backgrounds

pretag N pretag
ewk top

pretag pretag pretag
NJ0 = NP9 (1— FR5 )N

W + jets

—e— data

240 = — Light Flavor
CDF Run Il Preliminary L = 2.7 fb

220 il gﬁﬂom

200 —

_+_
4

80
60
40
20

llI}IIIIIIIIIIII!lJIIIII!IIIII
-0.8 -0.6 -0.4 -0.2 o 0.2 0.4 0.6 0.8 1

Kepe =1.440.4

NN finds HF composition of

I<DO =1.5+£045 W1 jet data.

o
[ |III|IIll'l-!qy_[ll|III[II|||I||I]I|III|III|]II| %




FQCD

CDF & DO employ 3 techniques for evaluating the QCD fraction.

Isolation

QCD QCD
PJA ::fﬂc

QCD QCD
I“B ND

Legacy technique: MET vs. ISO . .
e F
" B D

20 30 ET [GeV]

loose loose loose

Matrix technique

_ fake—¢
|\Itight - gfake—ﬁ |\Iloose

N _ N fake—/¢ + N real -/

+ greal 4 N loose

real—/

Pretag CEM 2-Jet-Bin: Iso < 0.1 with QCD veto

Entries

Anti-electron/jet-

. 1500
electron technique !

1000}

Fit missing E in data to MC
W+jet template + Anti/jet —
electron template from data

« CDF Il Data
Fit: 2 /dof = 1.0
MET > 25 GeV:
—— W+p: 0.955 + 0.007
—— jetEle: 0.045 + 0.002

The real key 1s to reduce QCD background AMAP.







To Measure theTop Mass

tt Production and Decay
up filcu.tmrl-.\\

anti-down guark
jet

‘/' bottom guark
jet
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77 0 qlu-lrk __,-f-"'/—'f/f— beam jet
e QA%
-
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wark % -
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Jjet i
Challenge is to

) Properly associate measured objects to initial state
quarks and leptons (including neutrino)

b) Extract best possible four-vector for each (energy
resolution)



To Measure the Top Mass

HISTORICALLY....
« Step a): Associate measured with 1nitial-state objects
using best match (y?) to 3 constraints:

* Step b): Jet energy corrections according to species
— E scale for light quark jets tuned to match My,
— E scale for b jets adjusted via tuned MC.

» After a) & b) it’s just an invariant mass per event.

— Final mass comes from best fit to MC template vs. M,



Results

Reconstructed Top Mass

CDF Run Il Preliminary (318 pb'1)

2-tag

0-tag

Total Signal+Bkgd Fit

555:5] Total Bkgd Fit

= &
[
‘H o

P o —

100 150 200 250 300 350 400

-y arav

RN W i -

miece (GeV/c?)



Controlling the JES Uncertainty

The major advance in Run 2 has been
constraining the JES uncertainty using the
reconstructed hadronic W

CDF Run Il Preliminary (940 pb™)

: : Monte Carlo
KS 0.32 | mean: 78.8 GeV/c®

i : ! i
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Data
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Top Mass — The Modern Era

1 ) ,
L= j TF (-JES| %)M, (M, %) do(X
N(m)A(m JES Z (y | ) eff( t ) ( )
/ r /
Normalization PDFs Matrix element
produced—measured
Parton assignments transfer function Phase space

y are the measured quantities, X the parton-level quantities.

Background is handled with a correction:

log LSIg (mt ) JES ) — Neural network discriminant |
50'12} E"'E —s?gnaIm‘=160
Z [log L, (m;, JES )~ iy () log Ly, (M, JES | bkg)]g N AN
events i . :i E i__i ----- W+bb background
R g P O - Wlig g
--- QCD back ground

0.02}=*

0_ I T T T N HV NVEY W I
0 01 02 03 04 05 06 07 08 09 1

Neural net output




Top Mass — The Modern Era Il

Alternatively, one can include matrix elements for the background

P (VML JES, fip )= fiopoPyg (¥ M, JES) + (1= fi, JoPy (3 JES)

=)

L(y19°°°9 Yns My, JES, ftop):H Pov (yi;mta‘JESa ftop)

=1




Top Mass via Likelihood - CDF Results

CDF Run Il Preliminary 3.2/4b
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Top Mass via Matrix Element — DO Results

D@ Run IIb Preliminary, L=2.6 fb" D@ Run lIb Preliminary, L=2.6 fb"
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Top Mass in the All-Hadronic Channel

CDF Run Il Preliminary (2.9 fb™)
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Systematic Uncertainties

DO + CDF
Jet Energy Scale 0.73
Lepton P scale 0.11
Signal modeling (ISR/FSR, PDFs) 0.30
MC modeling (Pythia vs. Herwig) 0.49
Multiple interactions (DO) 0.03
Background modeling 0.26
Fitting procedure 0.16
Color reconnection 0.41
Multiple hadron interactions 0.07
Total Systematic Uncertainty 1.07
Statistical Uncertainty 0.65




Mass of the Top Quark (*Preliminary)

CDF-1dH 167.4+£10.3+ 4.9
DO-IdH 168.4+12.3+ 3.6
. . T

CDF-lldH 171.2+2.7+2.9
. ) B e

Do-ll'gH 174.7+29+2.4

. e (ff ———
CDE-TH 176.1+5.1+ 5.3
. _._._.—

BO-1 1+ 180.1+3.9+ 3.6
. 3 l-o.u

AR 1721+0.9+1.3
. _ —

Bl 173.7+ 0.8+ 1.6
CDF-lai 186.0+10.0+ 5.7
. . ———

Lo 1748+ 1.7+ 1.9
. -——

CDF-1l rk 175.3+ 6.2+ 3.0
Tevatron March'09 il 1731 i' 06 i 1 _1

(stat.) + (syst.
| | | x/dof = 6.3/10.0 (79%)
1
150 160 170 180 190 200

m,,, (GeV/c?)

DO+CDF

March 2009

1 —LEP2 and Tevatron (prel.)
-~ LEP1 and SLD

68% CL




DO+CDF

B March 2009 m =183 GeV
15}
5 - Ly A% = :
R — 0. 02758+0. 000325 :
% % - 0.02748£0.00012
4 - * s incl. low Q° data : -
3 _ —
5 _
1 - p—
0 Excluded / Preliminary
] T 1] ¥ ¥ ¥ 1 1
30 100

300



Some New Techniques

CDF Run Il Preliminary (1.9 Ib'1)  CDFRunll Preliminary (1.9 Ib'1)
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Is top produced as we think?

I\/It-tbar

1000 ;
do i
dmy,
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- L
2000 ' L
I ]
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1060 1
-l J L L ]

Threshold is 2M + smearing

L
Tail is PDFs + :
new physics?
1 q t
] A
1 @ t
-+ | Fe T
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vector color singlet
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# events/10GeV/c?

The Data

CDF Run 2 prehmmary, L-319pb
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Total Invariant Mass of the tt System

The Data
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The Data

CDF Runll Preliminary 1.9 fb™
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Narrow Resonance Search

up gunN

anti- dmnl quark

LTt oy qmm’%
Jet

/{ bottom guark
Jet
R

DO reconstructs M, . from leading 3,4
jets, e/u and (solved) neutrino.

“Better than kinematic fitter for high
mass resonance’
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anti-down quark

Narrow Resonance Search
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“Better than kinematic fitter for high
mass resonance”

>4 jet events

> C
& oo (® DO, L=3.6 fb' —=Data
oL ]L Prelim. [ ]Z (650 GeV)
P00 i
'd'-i - W-jets
i 80 2 Other MC

60— B Multijet

40—

201

- et el | '_I ros] [ e I
00 200 400 600 800 1000 1200

M, [GeV]



anti- dmna qunrk

up gu wk\\

Narrow Resonance Search
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DO reconstructs M, . from leading 3,4
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mass resonance’
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Beyond Narrow Resonances
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Arbitrary Uniits
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th

e We have measured:

From the ratio of tt events with 0,1,2 b-tags

A
Mol + M| + V|

An interesting measurement, but not much sensitivity to V,,



Single Top Production

q £V
{ t
\4 b
b w+ B
q’ b

“t-channel” “s-channel”

2pb 0.9pb

Same data selection as tf but signal is in W+2 jets sample

o (qa,qg — th) oc [V, ||




S vs. B in Single Top

S I -1 Data ¢
s | D@ 23fb o b
w 400 Wbb H
"; b-tagged c
= | all channels Wjj+Wcj Here is the expected signal
g Z+jets
o - Dibosons Il

L tt—> ¢ 1l )
% 200 tt — (+jets I On top of a substantial
> background...

D@ Single Top 2.3 fb™ Signals and Backgrounds
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A simple counting experiment will not do. wee I } backgrounds

wej I
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Z+jets ~30%
Dibosons [
Multijets [l
9 - 2 & \
The culprits: ¢ b q. g
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Single-Top Analysis Strategy

full selected data set

v v v
W + 2 jets W + 3 jets W + 4 jets split in subsets
J J J d J J of different
1 tag > 2 tags 1 tag > 2 tags 1 tag > 2 tags purity
| | | ] | ]
R 2 X X 2 X X 2 X 2
neural networks matrix elements likelihood discriminants boosted decision -
_ a . T pix) %2 trees multivariate
a Won” U (X) = D R methods
g ' &"/’/M \\“5 Zk:lHi:V:rpik(Xi) ?; o?

v v v

v

combined search
t-channel + s-channel = one single-top signal
cross section ratio is fixed to SM value.
important for ,discovery“ and test |V,,| << 1

separate search
regard t-channel and s-channel as separate processes
important to be sensitive to new physics processes

v

v

cross section measurement
Bayesian treament

statistical
analysis

hypotheses test
modified Frequentist approach

DO only CDF only

Thanks to Wolfgang Wagner




Likelihood S ed rCh M eth Od S Matrix Element

“Solve” each event kinematically 1
M 1 2 (Esolved_Emeas)2 AZ 2 P(X)z_jda(y)dqldqu(xl)f(XZ)W(yBX)
2 ( b — 175 ) b b ( T) o
Z - 62 + O'2 + 0'2 f / T
™ ° E Parton-level xsec from | | PDFs Transfer fcn
Compute a likelihood for each event MADEVENT (CDF)
based on a set of kinematic variables. or SINGLETOP (DO0)
matrix element calc.
_ fijak L ({ ) _ HI =1 Pix
Pik = 3 ; CDF Run Il Preliminary
Zmzl ij,m Zm 1H| =1 Pic .
m i r
k runs over S & B samples, i identifies the kin < Tibike T
variable, and j is the bin in which it falls. % § Mistags
= [ {Tittbar
B2z 0225 o[ ]
5 73 o073 211 Background Sigpal
eg. L for 12 f:ic8 et -7 .
MADEVENT |8 095 Zfimt
: 0.025 , 9023 I L Ty T sreepmrrm T T
matrix element R L :n']{HEi,1 5 o5 o 0.6 55 1
gfﬂig 0 = -chan Event Probability Discriminant
Suise — welo)
0075 THSAD b P.
u?:igg P EP D — sin gletop
o :nc;ME'..,L b P, singletop T b* By, +(1=-0) Py, +(1-b)* P Wej




BDT

* Events classified based on cumulative
set of cuts defining disjoint subsets of
events with different signal purities.

* Each cut defines two branches — Pass

and Fail

» Terminal nodes (leaves) are reached
when no further S/B separation 1s found

» Each event ends on a leaf with a defined

purity.

Search Methods (2)

BNN

networks

Hidden
Nodes

* Trained on S & B producing one,
continuous output discriminant

* Bayesian NN averages over many

* Uses highest ranked (best
discriminating power) variables.



Kinematic Modeling

EVENT KINEMATICS
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Kinematic Modeling
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Kinematic Modeling

T; — T Tj— T,
Correlations too! Rij = ‘
Ox; Ox .
: j
CDF Il Preliminary 1.9 fb'1 CDF Il Preliminary 1.9 fb'1 CDF Il Preliminary 1.9 fb”
Il combstop [ combstop 500 [ combstop
450 Cttbar 400 [ ttbar [ ttbar
400 B Wmistags 8 350 B Wmistags 8 B Wmistags
mWcce 3 mWcc £ 400 @ Wee
350 W 5 300 W 4 mwo
300 I Whb - [ Wbb S EWbb
@ nonWmixed T 250 @ nonWmixed T 300 [ nonWmixed
250 DZjets N D Zjets N EZjets
m diboson = 200 [ diboson = m diboson
200 « data E « data E 200 » data
s 150 S
= =
(&)
g 100 g 100
50 o 50
0 L
'4 '2 2 .24 0 MT vz\f Corr, M14Inub
+2-prob.: 81 % MT_W_Corr_Minub 2-prob.: 95 % QEta_Corr_CosThetaLepLlight « -prob.: 31 % ==

ks-prob.: 67 %

ks-prob.: 49 % ks-prob.: 83 %

MC normalized to data



Single Top Results - CDF

... compared to simulated events normalized to the SM expectation

0 0.2 0.4 0.6 0.8 1 0 02 04 06 08 1 -1 05 0 0.5 1
LF Discriminant ME Discriminant NN Discriminant

CDF Run || Preliminary, L = 3.21b"
- Single Top
B W+HF
Bl
QCD+Mistag

- Other

—+— Data

Events

o8 o7 0B [+X:] 1

100}

-1 05 0 05 1 0 02 04 06 08 1
BDT Discriminant LFS Discriminant



Single Top Results — DO

o 500 g P © 500 g G
° | N b+ tqb D@ 2.3fb © - B th+tgb D@ 2.3fb
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DO Systematics

TABLE XI: Summary of the relative systematic
uncertaintios, The ranges shown represent the
differemt samples and channels.

Relative Svstomatic Uncertainties

Integrated lnminosity 6%
it cross section 18%

Electron trigger

]
ik

Muon trigger

[a]
Py

Frimary verta
Electron reconstruction & identification

]
o

L=
b
8t 2 24 2t 2R =1

Electron track match & likelihood By
Muon reconstruction & identification T
Muon track match & isolation P
Jet fragmentation i 5-T)%
Jet reconstruction and identification 2%
Jet energy scale i 120059
Tag-rate functions (2169
Matrix-method normalization (17-28)%
Heavy flavor ratio 30%%
froala 907,
Ereal-u 2%
Cfakeo (34075

- ¢ B i
E Fake— g |._2_11J_,|:L-




CDF Observation!

CDF Preliminary Single Top Summary
For M,,, = 175 GeV/c®
Analysis Significance | Sensitivity S-Channel
Likelihood, Function 15+ 09
Std.Dev. (6) | Std.Dev. (o) (3.2f) — 08
NN 3.5 5.2
ME 4.3 4.9 Neural Nejwork
(3.21°°)
LF 24 4.0 Matrix Element
(3.2
LFS 2.0 1.1 —
Likelihood Function
BDT 3.5 5.2 (3.2M)
Boosted Decision Tree
SD 4.8 >5.9 (3217
MJ 2.1 1.4 Combination (Lepton+Jets)
(3.21°")
Combined 5.0 >5.9 MET+Jets
(211 )
Combination (All Channels)
| (3.21b) | |

5 0 5
Single Top Production Cross Section (pb)



D@ 2.3fb"

DO Observation!

March 2009

|
Decision Trees
Bayesian NNs
1

Matrix Elemt:a*nts

BNN Combination
|

3.74 1379 pb

eo— 4.70 3;;3 pb

4.30 2320 pb

BLUE Combination 4.16 +0.84 pb

3.94 +0.88 pb

N Kudonalds. PRD 74, 14012 (2006) myg,, = 170 GeV

|
1

0 5 10
o (pp — tb+X, tgb+X) [pb]

No. of 2.3 fb™" pseudo-datasets

D@ Combination

67.8M pseudo-datasets (background-only)
17 above measuraed cross section

p-value =2.5x10~"

Observed significance
=5.030

0 ] 2 3 4 5
tb+tgb Cross Section [pb]




th

Omeas

|Wb,meas|2 — ‘ |V£b,S’M|2

OSM

CDF

V,|= 0.91 £ 0.11 (stat+syst) + 0.07 (theory)

Vtb|>0.71 at 95% C.L.

DO:
|V, f,5| = 1.07 £ 0.12
0.78 < |Vy| <1 @ 95% CL
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Does the Top Quark Decay as Expected?

5 -1
| Standard Model a the tWb vertex gives | [12[““ ] — 70% Longitudinal W
t

Measure via angular distribution: Or: Matrix element technique
REEEEEEEEEEEENEN =
= left-handed = SM=0.3+0.7+0 N
=1 - o
a Z(I_COSH ) - 4/ H|: t_ (1 C ) PW+Jets (X )]
R L} .,.\“-‘ ’-“'.,‘ i=1
REEEEEEEEEEEENER - # s,
longitudinal .. ; \
1 N 1 cdo(y)
_ 1_ 29 - 3’. k g\ _ —  — y X =
y1=cos’8") P(%)=—[—==f(a) f ()W (X,y)da,da,dp¥dp; dy
AEEEEEEEEEEEENN L | _5. ".. ‘.\"' GObS dy
QS EEEEEEEEEEESR r Fi "y o
right-handed ’ ’ Yoyer '
__....-"‘T ....... o e
AEEEEEEEEEEENENN L | 1 0 5 0 0 5 1
cos 0*
W rest frame l
b o*
B -
W in top
rest frame
U

V-A — no right handed W bosons




W Helicity - Matrix Element

L(1,.C) =T T[C.Pe (%: 1)+ (1-C.) Py, o (%)]

i=1

C, = signal fraction

P(X)= j = 1(a))  (0,)W (%, ¥)da,da.dpdpidy
PDFs Transfer fcn from
Differential xsec including helicity measured X to true y

30F
25
20-
15}
10f

-|l1( Ul—max)

CDF Run Il Preliminary (1.9f6™)
f, =0

: Systematics here are

0 02 04 06 08 1 12 dominated by MC
f, (Corrected) .
modeling (f, measured
— 1, corrected)




W Helicity — cos6”*

Two reconstruction techniques used

[ CDF Run Il Preliminary | [Entries
sof. background CDF Run Il Preliminary
= == +right-handed % 150 ® data
70— = = = +left-handed g L L,=19 b [t (F,=0.7, F,=0.0)
E S — — +longitudinal zw | [Jew
o= * data 1.9 L [ Wt
C B [ -+
S s 100} ——t e
7] C i |
E 40— -
@ C
: f ! | %t ¢
30§ el
200 .
w0 T
gt e T e R TN
0-T|||||||||||||||||||||||-||||' 'I"’f 1"'I"I'-||'-||-n-
-1 08 -06 -04 -02 0 02 04 06 08 1 =1 0.5 0 05 1

cosH

cos(0)

Dominant systematics
are background

normalization & shape,
2 parameter fit and JES.

f,=0.66 +0.16

f, =-0.03+0.07




W Helicity — cos6*

DO’s latest uses leptjets & dilep, & hadronic W decays

7]
2 -
5 ! (=] 60-— D@ Run |l preliminary
‘g‘ D@ Run Il Preliminary | 8 "L Leptonsjets channel ——pocam 12’ ()
] = r —— Signal + background
g g 5 g g - ! F Wolv ignal + backgroun
A kinematic discriminant z l i b, T T | G gl v
. T —Signal + background | i )
provides extra S-B 4 HBackground | ook
separation i
-1 -0.5 0 0.5 1
coso*
S 120 D@ Run Il prelimi
—_ [=] F un Il preliminary
fy, =0.490+0.106(stat)+0.085 (sys) B 100°  Lopionsietschannel  —~- bomn 126’ (&
E 80;+ Wos jj —g:anélg blacI;gro:gnd s
m Fe R e o Ir::: + Dackgroun
f, =0.110+0.059(stat)+£0.052 (sys) 60Eide e
40:_ !
_o1.2 20;‘—‘—|—ﬁ
DO Run Il Preliminary
1 . % 02 04 06 08 1
L=22-271b" |coss’]
0.8
1 60F
2 - D@ Run Il preliminary
Source Unecertainty { fp) Uncertainty (f, ) - 50E  Dilepton channel - posua 17w’ (c)
Top mass 0.000 0.016 > 40;- - 94 Sionel + bactround
Jet reconstruction ef. 0.018 0.002 : 300 s
Jet energy calibration 0,020 0019 ir 20k
Jet energy resclution 0023 0.00s i 1°E_+
# model 0.055 0.023 3 s
Background model 0,034 0,026 <4
Template statistics 0.028 0.014 2002 04 06 08 1 12
Teotal 0085 0.052 i

+




Anomalous Couplings

DO combines the single-top result and W helicity
measurements to set limits on anomalous couplings.

g - ) g ~ —qu )
Lz—Tby”th(f P+ 7P Jtw, (f, P+ P )tW, +hc.
P, = (1 s 7/ 5
=0 in S.M.
120
- DO Run Il Preliminary
1_
L=22-271fb"
O-Bf *  Best fit value
- * SMvalue
Non-zero values would 0.6 5:5:: Scenario Coupling Coupling limit if f{* = 1
. el - R qat0.56
change W helicities and | g4 S (F5 51 Hi || = %‘fﬁ-ﬂ-dﬁ SRR < o
. . C : Lt . B
kinematics and rate of ook (FESf0) |17 = LAdtg
- : T . =030 |fF* < 019
single-top production. E fr? <030 |f
g PP ") R SR ——— (ff, f ||r1| —1.15’:3;31 |
; | f4']* < 0.19 |fF)? < 0.20
-(1,+l 1 ] L1 ] 1 ] - l 1L l |- L1l

L |
-0. 0 02 04 06 08 1 1.2



Rare Decays
t—Zc,yc,...




FCNC Search

t— Zg

BR ~ 10" in SM = Any
observation 1s PBSM!

Search in Z—ee,up + 4 or more jets

Z+]Jets Spectrum

o - I T L L] I L] L] I .
= L CDF II Preliminary 1.12 fb~! ® Data -
= 0 E—e [ ] MC Simulation =
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4 i —_—— 7
10°F ;
- —_—— .
I —
10°E .
s =
- E
f — e

_— ! F—

0 2

Number of Jets



Entries

80

60

40

’J'

P

(

FCNC Results

Dominant backgrounds are Z+4 jets, WW, WZ.
Background suppression is achieved via a mass 2 variable:

OW rec

2
MW rec — mW.PDG) + (mr—ri’r’f?.r{:u — M; PDG
Or—Wh

Note: final state is neutrino-free.

%% (Pre-Tag)

T T T
CDF 1I Preliminary [L dr=1.9 fb~!

[ Z+Jets 7
17 cctlets |
@ 7 bb+Tets
[ SM tt .
Il Diboson —
KS Prob: 0.073 7

%> Prob: 0.630 7

Events

40}

20

)2 (m,
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Zg,rec — Mt PDG ) -
Or—27q

L} I LEL L) I LEL L) I LI}
Tagged
(13 Events)

® Data (191

O FCNC tt (3.7%)
Fit Uncertainty

O Z + Jets (ITF & LF)

B Standard Model tt

[ B Diboson (WZ, Z7) 1

Best Fit to Mass 2

I LI | I LI | I
Anti-Tagged
(33 Events)

1 CDF II Preliminary _

fLdt=19fb!

B(t—Zq)<3.7% @ 95% C.L.

L] I L] T L] I T T L] I T T L]
Control
(136 Events)
Q




FCNC in Single Top Production

I+

_</

Anomalous _but SM «

production

Candidate Events

Wi+1Jet 1Taq CDF Il Preliminary 2.2 fl:f1
i 50

300+ 40

30 + +.+.

20

10

Kug /A <0.018 TeV" (

Kieg /A <0.069 TeV"  (

B(t>u+g)<3.9x10~
B(t>c+9g)<5.7x107

NN Output

Very hard to distinguish
SM from FCNC!

MC normalized to prediction




Production Kinematics




Forward-Backward Asymmetry

Nt(p)_Nt(E)
N (p)+N,(P)

Afb —

Use the hadronic side to measure top
rapidity.

anti-lﬂp‘. ~
q“k""'i- Tag t vs tbar with lepton

L't-lnmlr:'u qmmf% i Charge.
JE

i,meas
- pt

i, fit\? m fit )2 2 2
7=y (P ") Ly (P —p=") +(M11_MW) +(Mev—Mw)2+(Mbﬂ_Mt) +(bev_Mt)2
leptons, jets O-i2 =X,y sz 1—‘\?\/ 1_‘\3\/ th th



Events

Afb

Reconstructed Top Rapidity

AP =0.098 + 0.036

200 Signal
AL = 0.02 + 0.0071
180 78989 _ § 0028 + 0.0059

fb
160 A} =.0.059+0.0079

CDF Il Preliminary
L=32fb"

140
120
100

o0
=
III|III|III|III|III|III|III|I

-8~ Data
776 events
[ ] Signal + Bkg
776 events
[ Bkg

167 events

-2
on

o

a ) III|III|III|III|III|III|III|

corrected
Afb

=0.193+£0.065+0.024




Conclusions

A broad program of measurements of the properties
of the top quark 1s underway at the Tevatron.

Single top has (finally) been observed!

The Run 2 dataset (CDF+D0) 1s beginning to
provide sensitive searches for PBSM 1n top
production and decay.

The uncertainty on the top mass, individually, from
CDF and DO 1s <1% (!!!)
— The Higgs appears to be light...

These measurements will focus the work to be done
at the top factory called the LHC.
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