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Introduction & Motivation

Tevatron: B | icago |
* Only place to make D e - Sa—T
top quarks. 1.96 TeV
« Top production: e — z _
— Pair production Sy
— Electroweak single | BT (. M e e
top production e SRR _ =
* Runll: 7% Main Thjecter
— 1.8 fb" delivered in A ey

r il s

each experiment.

— Record luminosities
acheived
(~250%103%cm-1s2)




Introduction & Motivation

g q Decay mode and Branching fractions

Rare decays
Anomalous decays

CKM matrix element IVmI

Top spin polarization Top mass

spin correlations

g W W helicity
Production cross-section T CI'
Production kinematics b U
New Resonance production q



Top Pair Analyses



Final States
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Top Mass

* Motivation:

— Top is the heaviest
known elementary
particle.

— Precision m; and m,

EPTONS

measurements help constrain Higgs mass.
— Sensitive probe to Physics beyond the

Standard Model.
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Top Mass

Mass extraction methods:
Select signal-like events.
Reduce backgrounds (b-tagging, cuts, likelihoods).
Reconstruct the final state (combinatorics, fit).
Use sophisticated technique to extract top mass:

Template methods Dynamic methods

Calculate differential cross
sections (transfer functions
event link measured quantities)

Reconstruct m, for each

Form templates with
simulated events at
various m,

Integrate over
unmeasured quantities

_ Build event-by-event
: Measure r.nt probability (signal &
_from a maximum background) and extract
likelihood fit to data m. from likelihood fit
t




 Many analyses:

DO Run I

Preliminary

Fall 2006

Top Mass

l+jets (matrix element, b-tagged) BEST
a70pb”

|+iets (matrix element, topological)
370pb”’

I+jets (ideogram, b-tagged, topo) NEW
370 pb”’

I'I'jets (template, b-tagged)
230 pb™"

|+iet3 (template, topological)
230pb™"

I (matrix weighling, b-lagged, topo) NEW
370 pb”’

I, l+track (neutrino weighting, topa) NEW
370 pb”’

b @

—e—

o

H—e—1

= —

Il combination (matrix and neutrino) NEW

370 pb

e (matrix weighting, topological) NEW
835 pb’'

H—e—

H—®—H

H—®—H

H—&—H

ep (neutrino weighting, topeological) NEW H_._H

1703 13} 43 cov

450 415
169.2 7, 7,4 GeV

4.4 421
173.7 %y 5o GeV

+4.2 +5.0
170.6 *2 *52 Gev

169.9 g 777 Gev

49.2 43.9
176.2 55 Jao SOV

+7.4 456
179.5 174 5% Gev

1781 337 13 Gev

+8.8 437
177.7 255 L35 GeV

1716 +7.9 +5.1 GeV

-T9 4.0
835 pb’
World average ped 171.4 113 1 3GeV
A ' l ' L A I 1 | l ' l A '
140 160 180 200

Top Quark Mass [GeV]

CDF (*Preliminary)

Run 1 Dilepton
{Run 1 only}

Run 1 Lepton+Jets
{Run 1 only)

Run 1 All-hadronic
{Run 1 only}

167.4 £10.3+ 4.9
176.1+ 5.1+ 5.3

1860100 - 5.7

-Di'Epg%n,;betrix Elekent b-tag 167.3+4.6 + 3.8

(
'Dilepton: Matrix Eement
(L=1030pb )
Dilepton: Combined
{L=360ph )
Dilepton: v weightin
I.'Lga-sop‘?;"'}' \ghting

164.5+ 3.9+ 3.9
167.9+ 5.2+ 3.7

170.7+ 82 +3.7

Dilepton: Py(tt
I.’Lg 340;:::“5 )

169.5+ 71 + 4.0

Dilepton: ¢ of
PPl
‘Dilepton: DLM
;Li%gﬂnpbqj
Lepton+Jets: DLM
£=318pbtsj

169.7 + 32 + 4.0

166.6 + 3 + 3.2

173.2+ 28 +3.2

‘Lepton+Jets:
.'LE 695;;1?5‘ Ly

'Lep10n+Je15: Matrix EI%ent
(L=940pb )

1839+ 157 £ 5.6

1709+ 1.6+ 2.0

* Lo
Leptonats: meow S 1734417422

'All hadronic: Template
(L=1020pb )

“All hadronic: Ideogram
(L=310ph )

‘CDF S 2006
{L=m.'§r10";‘3?’er

"Tevatron Summer'06
(CDF+D0 Run 1+1])

174.0+£ 2.2+ 4.8

1771+ 4.9+ 4.7

1709+1.4+1.9

14412118

150 160 170

180 190 200

Top Quark Mass (GeWczl




Top Mass

 Many analyses:

DO Run Il Preliminary Fall 2006
" +.1 +1.2
l+jets (matrix element, b-tagged) BEST o 170.3 45 t1 8 GeV
a70pb”
. 0 +1.
I-I-]ets (matrix element, topologlcal) —e— 169.2 :52 :12 GeV
370pb”’
|+iEtS (ideogram, b-tagged, topo) NEW —eo— 173.7 :: t:; GeV
370 pb”’
|+iet5 (template, b-tagged) H—e— 170.6 :: ::g GeV
230 pb™"
|+iet3 (template, topological) —H—— 169.9 2: t;? GeV
230pb™"
Il (matrix weighting, b-tagged, topo) NEW H—e— 176.2 fgg tgg GeV
a7opb
||, I+tr3ck (neutrino weighting, topo) NEW H——“‘.—H 1?9.5 ::: :?: GeV
Il combination (matrix and neutrino) NEW ~ H—@—H  178.1 157 1] Gev
370 pb
e (matrix weighting, topological) m H‘——"‘—ﬂ TG gg a5 Tev
835 pb’'
ep (neutrino weighting, topological) NEW H—&—™H 171.6 :;3 j'; GeV
835 pti’'
+1.2 +1.8
World average B 171.4 75 7 gGeV
1 ' l ' L A I A | l L '} I A L
140 160 180 200

Top Quark Mass [GeV]

CDF (*Preliminary)

Run 1 Dildpton @ 167.4 +10.3 + 4.9
R'."EUL l;%g}y?"*-lﬂts 176.1+ 5.1+ 5.3

Run 1 lthadronic 1860 210.0+ 5.7
-Dgiipgsoﬁngbrﬂ;atrix Elefnentb-tag 167.3+ 4.6 + 3.8
Dilepton: M@mm 164.5+ 3.9+ 3.9

(L=1030pb )
Dilepton: Combined 167.9+ 5.2+ 3.7
. . N ] 6-9
Dippiggeihing 1707 £ §5 +3.7
i : 1.7
Dilepton: P.(tf) 169.5+ 77 + 4.0
i . 8.9
Dilepton: 45/ ™ 169.7 + 32 + 4.0
i : 7.3
Dilepton: OO 166.6 + 3 + 3.2

173.2+ 28 +3.2

15.7

Lepton+Jets: DLM
£=313pbtsj

LeBton:ths: L, 19_2
‘Lepton+ets: Matrix Eiffient  170.9 + 1.6 + 2.0
1734 17-27
174.0+ 2.2+ 4.8

“All hadronic: Template

(L=1020pb ')
_ (L= 31000 eogram 1771+ 49+ 4.7
CDF 3ymmer 2006 1709+14+1.9

"Tevatron Summer'06

| NNy E—

(CDF+D0 Rur 1+1] 1714412+ 1.8

150 160 170 180 190 200
Top Quark Mass (GeWczl



Matrix Element

Most precise measurements in CDF and DG use ME with in situ
W=->jj JES calibration.
Lepton+jets: q g
— CDF Event selection: = 5
« 1e(n): Ex(pr) > 20 GeV \
4 Jets: E;>15GeV, |n| <2.0
« MET > 20 GeV

« 21 b-tagged jet
QCD veto

— I\/Ialn Background: W+jets
Method:
— For every event calculate the probability to be signal or background:

b

Parton distributiong Differential cross section ] Transfer Function: maps parton level (y) to
functions {LO matrix element) reconsiructed variables [x)

— Use maximum likelihood to fit simultaneously m,, JES, and C (signal

fraction)
L(C,,m,, JES) ¢ [T(C,P, (M,, JES) + (1~ C,)Ry, s (JES))

events

+ jets

11



Matrix Element

« Data and Model agree well:

CDF Run Il Preliminary (940 pb™)

CDF Run Il Preliminary (940 pb™)

i Mom?g%%%; . i Monte Carlo s
178 1 156.0 GeV/
E 80 KS032 | m‘:sn 19.3 Gewg” g 60 KSo0.18 | rlg:dasr: 30.2 Ga\a}fc’?
>
Ll n[-)jatna:l?a_? GeV/ic* Lﬁ rl?u;aatrf 156.3 GaV/c®
60 AMS: 205 GeV/c® RAMS: 29.0 GeV/c®
4_0 L
M =170) M =170)
40 1 Non-W QCD — Non-W QGD
W ZZ, WW, WZ B ZZ, WW, W2
M Single Top 20+ B Single Top
20 B We+3p B We+3p
Wet +2p Wet +2p
B W bb + 2p B W bb + 2p
0 i 0 el
50 100 150 : 100 150 200 250
m, GeV/c? m; GeV/c?
- . CDF Preliminary 940 pb™
« Result (940 pb1) el
esu . cor et
L
e |
2 1.05 |
m, =1709+16+20 GeV/c
1k Ny h
N, Bn L=G.5\
Error: 1.5% ante20
Most precise measurement in the World ~ oss 40

1 éO 1 :f(] 1 éO 5
M,, (GeV/c?) 12



then fit to lowest -InL point to find top mass S 12 Dol pretmiary
Event selection: 2 leptons p_ > 15 GeV, =2 jets E_ > 20 GeV 10;'* +

ee channel pp channel eu channel 8| ' )
2 80 < m_ <100 GeV « Contour cut on Em== = Electron shape cut [
s Ems >40(35) GeV if and A¢(p,E™=) plane o E™=>25 GeV f ! i }
m_.<80(>100) GeV a 7 fitter x2 test o H. > 140 GeV 4t + { J
a Sphericity > 0.15 2 | ‘ \
Result (370 pb-): f Iyt

Dilepton Neutrino Weighting

18 independent kinematic variables (6 particles momenta)

14 measured quantites (momenta of {'s, b's and E, s, E,iss)
Use 3 constraints m,, my,_and m=m,_,

Drop MET, and use templates of m, and grid of v rapidities

The v's four-momenta can be calculated and compared to MET-:
~(py,~MET,

2
20‘E

~(p},—MET,)’

2
Ok,

1 N
W=ﬁzi=1exp exp

Minimize -In[L(w,ny 4, Nopserved: MiNsignal Nbkga)] @t €ach MC point mass point,

m, =1781+6.7+4.8 GeV/c® (4.6%) -



All Hadronic 2D Template

Huge QCD/Multijet background

Event Selection:
— 6 jets: |n|<2, E;>15 GeV
— Cuts on jet shapes (aplanarity and centrality)
— 2E>280 GeV/c?
— Require 21 b-tags

— Impose ttbar-ME Likelihood cut
Background obtained from data before ME Likelihood

requirement | Y

14



All Hadronic 2D Template

» 2D Template analysis (m, and JES)

— Signal templates derived from a matrix element calculation
— Background templates from data driven background model

* Result (943 pb):
m, =1711+3.7+1.9 GeV/c? (2.4%)

CDF Runll preliminary L=943pb’

—JES=-3

\ ~—JES =-1 o 10

/" \ JES=1 > [
| Y]

| \\ E5=3 | %
/=
A\
\ ]
\ o

34
a

r
T T L

L. Doublele Tags

v Data

- [ signal+Bakground
— [ Background

160

180

'.|I THE WAL WA TR O U 1M i ad

200 220 .
Event Top Mass (GeVic')
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Top Mass

« Tevatron combined measurement (July 20006):
m =1714+1.2+1.7 GeV/c* (1.2%)

Tevatron Run Il Preliminary (July 20086) i exper T'ﬁe'm;l ;rr'm's Bls'; ;“_'_ R
80.70 |- ' > CL: |
. —— C LEP2/Tavatron (today)
All-Jets: CDF
”mﬁ 174.0+ 5.2 - -
80.60 |- —
Dilapian: C_‘I.'.IF . B R ]
V1090 b 1645+ 5.6 _
—
Digplons: D) *178.1+83 g =
(ardpb) T }
Leplon+Jets: GOF Lxy - 80.40 il
plon e 183911538
- B et o AR HE R ::i ::::
Leplon+Jets: CDF . +
v | 1709+ 25 80.30 N
- — i MSS M [
Lﬁ.fp;'ﬂ.'-'g;fﬁ:lﬁ 2 170.3+£ 4.5 80,20 i bath madels EEEHEESR
e + C_a L 1 1 I 1 1 L |.|_‘u.|.l-lcr:-lcl!ll;c " IHDIIII}.CIJE"'OI.‘:RHI-IWIrI v‘l'-cmlrl ]il"lc]GbI“-I '?s:
Tajﬁ::{:%m. m 1 ?1 4121 160 165 170 175 180 185
N ) | | | piidel = 10.610 m, [GeV]

150 160 170 180 190 200

Top Quark Mass [GE"-".’EE} 16



Top Mass

« CDF new results better than prediction 6 months ago:

All-hadronic not included

CDF Top Mass Uncertainty
(l+l and l+] channels combined)
10 1
e 1 1 1 1 1
) 1" 20" 46" 8fo
? |
]
o
é ¥ CDF Results ""-.,_:.J':*L,gﬂf?
— "-.__ Io
E 1 % Run lla goal (TDR 1996)

—— Scale Afstat) /L, Fix A(syst)
(assumes no improvements)

= Seale Aftotal) / \L
(Improvements required)

10° 10° 10

Integrated Luminosity (pb"]

4



Top Pair Cross Section

DO Run il Preliminary Fall 2006
i:lileptonfl+fets combined H“s"_1_| 7.1 j::j:‘: pb
sanph’ /,
. _ i 1 #2.3 4.2
ﬂllept{)ﬂ {te ;:_’ & m 8.6 ,; PP
aroph” <
ry +1.9 +1.1
ltrackfemu combines :ﬂf—-—H B.6 47 -1 pb
a7 ph” i
T+jets (b-tagged) NEW i / i 5.1 3’.3 :g.‘; pb
350k~ Iy
. 4 4 40,
all-jets (1agges) NEW  +—e—1' 4.5 25" pb
H0ph 7
l+jets qitageed) NEW ——1 7.3 g iaeb
3 - =18 =4
420 ph” /{/
I+jets (-iagged) NEW =i 6.6 02 Toapb
420 ph ' /

f-'l-jEtS (topologlcal) NEW
910 pb™

,f Kidonakis and

my, =175 Giey
Caccian et al.,

| PRD 68, 114014 (2003)
EP 0404, 068 (2004)

+1.1 0.4
6.3 7)) a0

0 25 5

10 125 15 175

o (pp - ti) [pb]

L L T T
Assume m=175 GeV/c’
CDF Preliminary

S O I O B I O

[ cacciari et al. JHEP 0404:068 (2004)

Kidonakis,Vogt PRD 68 114014 (2003)
-~

e
“Dilepton
o ) / 8.3+1.5:1.0+0.5
"Lepton+Jets: Kinemati
{,Lf?ﬁgpb.f) c/ 6.0+0.6+0.9+0.3
"Lepton+Jets: Vertex Ta
Loptons et 9?% 8.2+0.6:0.9:0.5

&

Lepton+Jets: Soft Mu 1.0
ore0ph R / 7.8£1.7 +,4+0.5
"MET+Jets: Vertex Tag / 6.1:1.2 +14+0.4
(L=311pb ) / e (- Ry
"All-hadronic: Vertex T g/ 2.0
121020 pb”) 1 % 8.3+1.0 £7.+0.5
"Combined(old SLT,all-h 7.3+0.5+0.6+0.4

N

(L= 760 pb”)
||||||||||||||||||

’ (SITU + (sysi) + (lumi)
| I I I

0

2 4 6 8 10 12
o(pp — tt) (pb)
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Top Pair Cross Section

DO Run Il Preliminary Fall 2006
. . “ +1.2414
dilepton/l+jets combines H=——H 71 5, ,pb
2atph /x
dilepton (osissca ;/ PR 8.6 232 oy
a70 ph” 7
ry 1.9 +11
Itrack/emu combires :ﬂr—.—i—l 8.6 j]:"r i PD
a7oph” )
T+jets (b-taggen) NEW | & / i 5.1 53 laeb
350 ph” <
. Iy 4 40,
all-jets (tagpes) NEW  —o—f 4.5 23" pb
H0ph A
’// +2.0 40.4
I+jets tu-tagoed) NEW —— 7.3 elos pb
420 pb” /{/
l+jets (b-tagged) NEW e 6.6 02 Toapb
420 pb iy
I+jets topologicaly NEW 4 6.3 *11%0pn
910 pb™
iy = 175 Gev o Kidonakds an! \egt PAD 68, 114014 (2000)
Cacciari ¢t al., Ej 404, 088 (2004)
L L L L I} | | L L | L L | L L | Ll 1 L

L L T T
Assume m=175 GeV/c’

CDF Preliminary

S O I O B I O
[ cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

-~

i g
“Dilepton
o &) / 8.3+1.5+1.0+0.5
"Lepton+Jets: Kinemati
PR & 6.0:0.6+0.9+0.3
"Lepton+Jets: Vertex T %_._
Loptonslots: Vertx I 8.2+0.6+0.940.5

0

25 5

10 125 15 17.5
o (pp - t1) [pb]

7.5

&
Lepton+Jets: Soft Muon 1.0
PR /ﬁ 7.8+1.7 +)2+0.5

ey % 6.1:1.2 +0+0.4
"All-hadronic: Vertex T 2.0

121020 pb”) a“% 8.3+1.0 £7.+0.5
"Combined(old SLT,all-h 7.3+0.5+0.6+0.4

N

(L= 760 pb”) _
||||||||||||||

(SITU + (sysi) + (lumi)
[ I I I

0

I|I
2 4 6 8 12

o(pp — tt) (pb)

10
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Lepton+jets B- taggmg

Counting experiment:

Nobs B kag

E XJ- Ldt

* Event selection:
— lepton p>20 GeV
— MET >20 GeV
— 23 jets: E+>15 GeV
— H; > 200 GeV
— 21 b-tag

Oy =

. Result: o, =8.2£0.6+10 pb

(Error starts being
dominated by systematics)

(15%)

CDF Run Il Preliminary (695 pb

% E —e— Dat

O 80 -

o F [ ]tisdpb)

e I Nor-w acD

7]

z I:I Diboson + Single Top
[4)]

LI>J 60— l - W-+Heavy Flavor

o
(=]
T[TToT

40
30F
20F
10F
0: = I
0 100 200 300 400 500 600
H. (GeV)
L -1
CDF Run Il Prelimina ry (695 pb )
2] -
® [ —e— Data
= 60— ]
° C [ ]ts2pb)
.EMO'_ - Non-W QCD
= C l:l Diboson + Single Top
120~ - W+Heavy Flavor
100 - Mistag
80| +
60—
40
20
0

01 005 © 005 01 015 02 025 03
Vertex ct (cm)
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Properties

4 -1 b
D@, 370pb . Dot
= —|q| = 2&i3

— lal =4=/2

» Charge:
— Might be 2/3 or 4/3.

— There might be exotic
couple -1/3/-4/3.

—
L1l ||W|||I

Mumber of events
Nl

— D@ (370 pb™): 4/3 7 st T
excluded at 92% CL Top quark chaige [e]

] | CDF 1l Preliminary | Entries 220
* W helicity: o o)
- SM f_=0.3, fO_O 7 f ~O : — +longitudinal

— CDF(955 pb-'): combined 17
fy & f, mesurement: N 3

f, =0.74+0.25+0.06
f, =-0.06+0.10+0.03

| T LLITY
1 ua -Dﬂ 4!4 DE U DE ﬂA ne QL 1

cosg
21



Evidence for Single Top



Single Top

Introduction & Motivation:

t-channel
profon

s-channel M —J ey
) A -

proton
F * -
«C - —, i TN
K p
5 e Py b
_ R’“"a QBB

anfiproton = b

o\ o =0.88+0.14pb*

.08
antlprmme“i‘-:-'-}s:t
oo =1.98+0.25pb*

Directly measure |V, | for the first time
Cross section sensitivity to beyond the SM processes

Source of polarized top quarks. Spin correlations measurable in decay
products.

Important background to Higgs search
Test of techniques to extract a small signal out of a large background

23
(*) Phys.Rev. D70 (2004) 114012



Single Top

1

o BaCkg rounds: g Total inelastic
_ W+jets gm-z X
. S - m
— top pairs 2 16°
— QCD 5 110
: . ©0° L ub
* Event selection:
— Lepton+jets like 108 6,000
with NN b-tag. b 600
— Pushing to loose 10" ]
cuts. ol g 2
« oo 10 F =
» Difficulty: J’\
- Lmouv;{cieglijc?iiy 10" . Higes (ZH + WH)
' 16|
— Less energetic 1060120 140 200
events. Higgs mass (GeV)/c”
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Single Top

104

O Foun il Preliminary 0.9 f
B+ channel

1-2 tags

2-4 jets

150
Pylleti) [Ge

043 Run Il Preliminary 0.9 A’
e+ channal
1-2 tags
2-4 jets

wedha e,

ol

|

1™

O Foun il Preliminary 0.9 f
i B+ channel
1-2 tags

2-4 jets

100 150
M W) [GeV]

Yield [countsH 0GeY]
g

E- -

%20 40 &0 B0 100 120 140 180
Lﬂﬂh‘lp.rml

043 Run Il Preliminary 0.9 A’
e+ channal
1-2 tags
2-4 jets

Key for Plots

® Data

tb

tgb

tt

W + jets
Multijets

+10 uncertainty
on background

A0 R R

(background model is verified before b-tagging is applied)

25



Single Top

Event Yields in 0.9 fb-' Data

Electron+muan, 1tag+2tags combined

Source 2 jets 3 jets 4 jets
th 16+ 3 Bt2 21
iqb 20+ 4 1213 411
tt— Il 39+9 32+7 1M1+3
tf — I+jets 20%5 103+ 25 143 + 33
W+bb 261 £ 55 120 + 24 35+7
Wted 151+ 31 85+ 17 2315
W+ 119125 43+ 9 12+2
Multijets 95119 TT£15 29+ 6
Total background 686 + 41 460 + 39 253 £38
Data 697 455 246

o

s-channe| 154 +£2.2
t-channel 22.4+3.6
tt 58.4 £13.5
Liboson 13.7x1.9
Z 4+ jets 11.9+4.4
Whb 170.9 £ 50.7
Wee 63.5+ 159
We 65.6 £ 158.0
Non-W 26.2+15.9
Mistags 136.1 £ 19.7
Single top 378159
Total background  549.3 £95.2
Total prediction 587.1 £ 96.6
Observed 644

Expected single top signal is smaller than background uncertainty!
- No counting experiment, requires advanced analysis techniques

26



Single Top

Likelihood:

Events/0.1

CDF Run Il Preliminary, L=955 pb™

I ey [ I
® Data H wbb [ Mistags ]

80 B s-channel B itbar [0 NonW ]
I tchannel [0 We+Wee B Ze,,7,Diboson

70 [] Syst Error ]

60

5o 22

40

20

10 e

| Lo L !
01 02 03 04 05 06 0.7 0.8 0. 1

no evidence of signal
c<2.7pb@ 95% CL
From s and t likelihoods

eleq O] pajess ojies uop

Neural Network:
no evidence of signal

5 < 2.6 pb @ 95% CL

Matrix element:
+1.5
o=2.1",,pb

p-value = 1.0% (2.30)

Events / 0.05

Events per 0.1 units

CDF Il Preliminary 955 pb”

[ normalized to fit result —e— CDF Il data
r 1 background
15 Il c-like background
N b-like background
r [ non-W background
10
5 |
C =
[y R R R | B -
0.4 0.6 0.8 1
NN output

CDF Run |l Preliminary, | =955pb”

[ )
. Ml Singlefop |
200 (| M bike
clike
Mistags
150 M -bar

0 0.2 0.4 06 0.8 1
Event Probability Discriminant
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E %ai

Single Top

DO multivariate methods:
— Matrix Element. Expected: o, =3.0"1cpb p-value=3.7%

— Bayesian NN:
« Find posterior probability density for all possible weights in NN

 Expected: o, =297,pb  p-value=9.7%

— Boosted Decision Trees:
« Select best cut
recursively for failed
and passed events
* Average over retrained
trees that focus on purity
mis-identified events
. Expected: o,,=27"72pb
p-value = 1.9%

28



Single Top m
Matrix Element Bayesian NN

=4.6"}% pb Ornt =S998
' p-value = 0.89% (2.40)

Gs+t

p-value = 0.21% (2.90)

Cross Section For Zero Signal Ensembles
D® Run Il Preliminary

D@ Run Il Preliminary 104
p-Value = 0.0021

Sig = 2.96 10°
Gs+t — 4.6;1_'8 pb

10*

Entries: 1.66e+04
p-Value: 0.00885
Sigma:2.38

10°

10?

bs _
10 = R

6 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8 9 10
Cross Section [pb] [pb]
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+1.
O-s+t = 4'6—1.5 pb
p-value = 0.21% (2.90)

40 D@ Run i

35
30 + +
25
20
15

10
5

88 08 09 095 1
tb+tgb ME Discriminant

Bayesian NN

o, =3.0+1.9pb
p-value = 0.89% (2.40)

40
35
30
25
20
15
10

5

s

D@ Runll

0.85 0.9 0.95 1
tb+tgb ME Discriminant
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Event Yield

Decision Trees

80
60/
40

20

ot

¢

il

10

r

8 B 7 a a
Observed Iblgh cross seclion [ph]

Run Il Preliminary $10pk’ ssi-channels, tbigb D& Run Il Preliminary, 910 |:1I51
| - Ed-t channel a+jots > pa
| B s4t-channel ==11ag F B
[ . al =2eta| § i
+jots o 28—
B fake-lepion + 5
= :
g a2 - Measured
- ! Cross Section
018 -
: =437
i* ﬁ.‘l: Bayes Ratio = 10
'i‘¥ * 005 | .
04 0.6 0.8 1 9 = :.Iu" ':m 2
thigb-combined DT outpurt (fulltree) Cross Section [pb]
D& Run Il Praeliminary 810, Phd Enirias 68150 o 1
wean  0s2s| g 10 DO 0.9fb =
RHMS 07963 —
> tb+tgb
e+ 1-channel = t{ m
it Multijets =
24 enlries above
observed cross section 1 e+j
p-value: 3.5e-04 2-4 jets
sigma: 34 - 1-2 tags
06 07 08 09 1

tb+tgb Decision Tree Output
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Event Yield

Decision Trees

s:i-channels, thigh

D@ Run Il Preliminary, 910 pb'

au-— Run Il Preliminary $10ph’
| - Ed-t channel o+jots = o3l
| B s4t-channel ==11ag | B
[ al =2 |ets| § -
+jots o 28—
Bﬂ— I fake-lepton H i
s |
: g D2
qD- ﬂ.‘l!'-_

D.05|-

fﬁ i -

| Bayes Ratio = 10

0.4 0.6 0.8 1 O
thigb-combined DT outpurt (fulltree)

D@ Run Il Preliminary 910, pb’'  [Enmes - es130

Magn 0525
BENS 0. 7963

e+ 1-channel
Full systematics

ot

¢

: 1
10 12
Cross Section [pb)

DO 0.9fb" »
tb+tgb
ttm
W+jets W
Multijets m

10

Event Yield

il

EVIDENCE!!

e+l

10

8 B 7 a a
Observed Iblgh cross seclion [ph]

2-4 jets
1-2 tags

107"

0.6 0.7 08 09

tb+tgb Decision Tree Output

S.M. compatibility: 11% (1.1c)
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Single Top

» Evidence - Direct measurement of |V,|

— Translate tb+tgb cross section into measurement of
the strength of V-A coupling |Vf,-| in Wtb vertex (f,-:
arbitrary left-handed form factor)

— Assume V.4 + V.2 <<V, 2 and pure V-A and CP-
conserving Wtb interaction:
Vy f" =1.3+0.2
— Also assuming f,- = 1:
0.68 < |Vib| <1 @ 95% CL

— No assumption about number of quark families or
CKM matrix unitarity
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Conclusions & Outlook

There is a very rich program in Top Physics at the
Tevatron that the LHC will take advantage of.

July 2006 Tevatron combined top mass:
m =1714+1.2+1.7 GeV/c* (1.2%)
dominated by the CDF lepton+jets measuerent:
m =1709+16+20 GeV/c® (1.5%)
The precision is better than expected
CDF combined top pair production cross section:
o, =7.3£05+0.7pb  (12%)

Evidence of electroweak single top production has been
found at D@ with the Decision Trees analysis. Measured
Cross section:

., =49+14 pb (3.40)

And a first direct measurement of |V, | has been made:
0.68 < |Vy| <1 @ 95% CL 34



Backup slides
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Introduction and Motivation

w Tracker: Si+Fiber+Preshowers

] Muon Scintillators |

5 [— Muon Chambers -

2T solenoid magnet

=0 =
n n 1'1__.-"
'..f"f
-

protons antiprotons




The CDF Detector

L 4 . ..-.". . .-.
Lurrtinmil:j:lllll'l.-hn'linr || | \I‘. h’

|
V' Time of Flight

Ea-nu.-al Duler Tracker
[ Silicon Yertex Deteslor
Intermediate Silicon
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JES

Determine the energy of the
guarks produced in the hard
scattering:

» Correct for hadronization,
calorimeter non-linearity and
non-compensation, multiple-
Interactions, underlying event,
algorithm effects ....

* Derived from Data and MC

« Jet energy scale uncertainties Particle jet
known to ~3% for M., range of
jet energies

top

=> Largest uncertainty in M,




SVIT  —

CDF W+2jet Candiate Event:
Close-up View of\Layer 00 Silicon Detector

Secondary Vertex Taggino

eSignature of bottom quark decs
displaced secondary vertex

eUse long lifetime of B hadro@s:
ct ~450 um + large boost from top
decay —B hadrons travel L,,~ 3mm
before decaying with large charged
track multiplicity

Jet2

eTagging efficiency per jet ~40%

0.7 SecVix Tag Efficiency for Top b—Jets

Rt

= : Tight SecVix
@ 06F Loose SecVix

é_ TOD M scaled ta mateh data Run. 205964 Event. 337705
O1F i : . ) :
p Unly bjets with i< | Electron E.= 39.6 GeV, MET = 37.1 GeV

'l ST ST N AT T AT AT NI A R
U200 40 60 B0 100 120 140 160 180 Jet1: E;=62.8 GeV, L, =2.9mm

jet Er (GsV) Jet 2: E;=42.7 GeV, L, =3.9mm
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CDF M

top 1€PTJELS ME

Source of uncertainty CDF Magnitude
(GeVic?)

b-JES 0.6
Signal (Initial and final state radiation, parton 1.1
distribution functions)

Background (composition and shape) 0.2

Fit (Method, Monte Carlo statistics) 04
Monte Carlo (Modeling of ttbar) 0.2

Total 1.4
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Single Top Event Selection
and Method

Only one tight and no other loose lepton
— electron: p; > 15 GeV and |ngy| < 1.1
— muon: p;>18 GeV and [ngyyl <2

15 < MET <200 GeV

2-4 jets with pr > 15 GeV and |ny| < 3.4

— Leading jet with p; > 25 GeV and |ng < 2.5
— 2nd leading jet p; > 20 GeV

Other clean up cuts
At least one b-tagged jet

41



Event Selection and Method

Before b-tagging:

O A Il Prefminary  KS=0.761 L =813 pb"
rono - G
E | -ﬁmﬁuunu
| L] i +=:m
o 1 Wb+ feta 1573
= L

= g - e (T 35

130 920 943 960 B0 200

e [GeV]

FAum Il Prefeminary KS=0.5m
@ fum

& ST, o

20 F 40 E B 0TO

* Normalize
W-+multijet to
data in every jet
bin before
tagging

* Checked 90
variables:
simulation gives
good description
of data

» Shown:
electron channel,
2 jets
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Event Selection and Method

Neural network B-jet Tagger:

* NN trained on 7 input variables
from SVT, JLIP and CSIP
taggers.
* Much improved performance
with respect to JLIP:
- fake rate reduced by 1/3 for
same b-efficiency
* smaller systematic
uncertainties
» Tag Rate Functions (TRFs) in 7,
Pr, Zpy @pplied to MC
» Operating point:
* b-jet efficiency 50%
* c-jet efficiency 10%
* Light jet efficiency 0.5%

NN Tagger Efficiency

NN Tagger Efficiency

oF

0.6

0.5

04 |-

0.3

0.7
08 f
05 |
0.4 |

0.3 |

b Jets

® Tagger applied to MC
= THF applied to MC
THF after scaling to match taggar on daka

20 30 40 S50 60 70O BD 90 100
Transverse Momentum [GeV]

- b Jets

- ® Tagger appliad to MC
—— THF agplied o MC
= TRF after scaling o maich tagger on data

u' h.a l.'l,-lﬂ D.IE u.n'1 1',2 1,4 '1.5 '1,a '2 2.2 ':'-,4 43
Detector Pseudorapidity Il



Percentage of single top tb+tgb selected events
and S:B ratio

Electron

1 jet 2 jets 3 jets 4 jets 25 jets
+ Muon ] J J ] J
1%
10% n
0 tags
1:3,200 1380 1300 1270 1:230
1%
]
1tag
1:100 1:20 1:25 1:40 1:53
2%, 1%, 0%
| o
2 tags -
1: 11 1:15 1:238 1-43

Event Selection and Method
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Event Selection and Method

Systematic uncertainties can be

e either “shaped” (jet energy scale, tag rate functions): shift
inputs by 1, redo analysis

* or “normalization”; uncertainties assigned per background,
jet multiplicity, lepton, number of tags

Examples of Relative Systematic Uncertainties

ttbar cross section 18%
luminosity 6%
electron trigger 3%
muon trigger 6%
jet energy scale wide range
jet fragmentation 59—7%
heavy flavor ratio 30%
tag-rate functions 2—-16%
45



Event Selection and Method

Ensemble tests: to verify machinery...
* Create thousands of sets of pseudo-data and
run analysis on them.
* generated ensembles:
 0-signal ensemble (s+t = Opb) = Significance
« SM ensemble (s+t = 2.9pb)
« “Mystery” ensembles to test analyzers
(s+t=77pb)
 Ensembles at measured cross section
(s+t=measured)

* A high luminosity ensemble
46



Event Selection and Method

Method to measure the cross section:

Probability to observe data distribution D, 2 035 f’i‘m
expecting y: L \
N N _g . - i T
y:aLa+ZbS:aa+st S p1s
s=1 s=1 £ od
a g/ LN
P(D|y)=P(D|o, a’b):HP(D| i) : si;'tglet:p crn:ssecjc?ﬂn
i=1

Prost (0] D) = P(c | D) ¢ [[P(D | 5,2,6)Py 0 (0) Py (2, B)

» Bayesian posterior probability density.
« Shape and normalization systematics treated as nuisance parameters.
 Correlations between uncertainties properly accounted for.

* Flat prior in signal cross section.
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Multivariate Analyses:
Decision Trees

Training

Start with all events (first
node)

For each variable, find
the splitting value with
best separation between
children (best cut).

Select best variable and
cut and produce Failed
and Passed branches

Repeat recursively on
each node

Stop when improvement
stops or when too few
events left.

Adaptative Boosting

* Train several trees giving higher
weights to misclassified events.

* Result: weighted average over
trees results 48



Multivariate Analyses:
Decision Trees

» Application: train 36 separate trees
(s/t/s+t, e/u channel, 2/3/4 jets, 1/2 tags)

« Performance on ensemble tests:

DT analysis
SM Ensemble B LN - -
Entries 1000 = windof = 4 89/4
Mmar: 2923 - 9
(RME 1813 & = Slope = 1.07 +0.03
asp-channel a8 Intercept = -0.12 + 010
7
Full systematics §
o 6
5
s B
£
a 4
(=%
"]
2 3
s
=
g 2
[d]
£ 1
T
1 L1 ]l pEiaslssssliwralisisliwssl i o boia oo g Bsosos iyl il
-2 o 2 4 & 12 12 14 "I:J 1 2 3 4 & & T 8

& 8
Observed thigh cross section [ph] Input s+ cross section [ph]



Multivariate Analyses:

Matrix Elements

Approach:
« Use the 4-vectors of all reconstructed leptons and jets

« Use matrix elements of main signal and background
diagrams to compute an event probability density for
signal and background hypotheses.

 (Goal: calculate a discriminant:

I:)Signal (X)
I:)Signal (X) + I:)Background (X)

where  p(x) = 1”@ f(x,)W(y,X)
ff \

Transfer function
(detector response) 90

D, (X) = P(S |X) =

Parton distribution functions



Multivariate Analyses:
Matrix Elements

ME analysis
— 10
= y3Indof = 10.15/4

9
5 Slope = 1.04 +0.02
§ 8 Intercept = 0.27 = 0.10
e 7
P
S 6
5
o B
=
c 4
&
w3
o
L
s 2
&
c 1
LL

0 ea e oo g e o by v by v w o by v e by pa bypn o by gy bay

o 1 2 3 4 5 6 7 8 9 10
Input s+t cross section [pb]
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Multivariate Analyses:
Bayesian Neural Networks

* A different sort of neural network:

— Instead of choosing one set of weights, find posterior
probability density over all possible weights

— Averaging over many networks weighted by the
probability of each network given the training data

— Less prone to overtraining

— For details see:
http://www.cs.toronto.edu/radford/fom.software.html

« Use 24 variables (subset of DT variables)
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Multivariate Analyses:
Bayesian Neural Networks

BNN analysis
9

r=ndof = 3.60/2

Slope =0.899 +0.05
— Intercept = 0.31+0.15

Ensemble response s+t cross section [pb]

1 I 11 1 1 I 11 1 I I | I | I 11 1 1 L1 11 I 11 I 11 1 I 11 1
OO 1 2 3 4 5 6 T 8 o2
Input s+t cross section [pb]

53



Cross Sections & Significance

Decision Trees
p-value 1.9%

=2 P || Profimsinary 40, pls’ e i
i (il

Baj -oharre|
Full systematics

A0 sniries obowve
abesresd croze saction

p-value: 1. 8e-02
sigma: 2.1

] 1 E £ 2 L] [] T £ L)
Clrmreed Trlgb trows soclion g

Crous Seoabon [phj

Ll ]

EXPECTED

Matrix Elements
p-value 3.7%

-E'“.I 08 Run il Prelminary
o p-Value = 0,037
% 107 Sig = 1.8

0 1 2 3 4 5 6 7
Cross Section [ph]

Bayesian NN
p-value 9.7%

Cross Sschien Por Esro Sgnal Enssmbhiss
20 Run Il Peedipirany

3

g

Entries0.2 pb

3

-
(=]

g 1 2 3 4 5§ 8T 8 § 10
Cross Section [ph]

ael-chamnets, (Bigh DO Fan || Prefiminary, 310 pﬁ'

e

-

| I =T
(3 i i = 1250 B

PRPRN FI SO PO TP PO Y PO
k-1 2 i [ [ (3 2
Croas Seqion [po]
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Cross Sections & Signifi

cance

Decision Trees: Consistency with the S.M.

5M Ensemble thbigh |
Entries 1910
250 Maan 287
§ RMS 1604
N e+j-channel
= Full systematics

201 entries above
observed cross section

p-value: 1.1e-01

sigma: 1.3

5 6 7 8 8
Observed 1bigb cross seclion [pb]
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Cross Sections & Significance

All Methods Summary:

DO Run I 0.9 fb”
Decision trees —&— 4.9 "::j: pb
Matrix elements —*— 4.6 t}g pb
Bayesian NNs —— 5.0 t}g pb

z Sulliuian PRD 70, 114012 (2004), m, = 175 GeV
| | . |

5 0 5 10 15
o(pp — tb+tqb) [pb] 56



First Direct Measurement of |V,

« Given that we now have a measurement of the single top cross
section, we can make the first direct meassurement of |V,,|.

« Use the same infrastructure as cross section measurement but
make a posterior in |V |?.

« Caveat: assume SM top quark decays.
« Additional theoretical errors are needed (see hep-ph/0408049)

5 U
top mass 13%  8.5%
scale 5.4% 4.0%

PDF 4.3% 10.0%
(Vg 1.4% 0.01%

o7



First Direct Measurement of |V,

s+t-channels D@ Run Il Preliminary, 910 pb’
2 g7
T °7f
c B
3 0.6
. L
9 m
[ M B
ﬁ ) Measurement:
Q. DAp +0.6
n 1.7 55
03 é 5
02
o ]
m n i :
% 2 25 3 3.5 4
| Vtb I?
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Motivation: New Physics

Standard Model
PROGE, DG4024 (2002)
Top-iavor (m=1 1ev)
Zic FCNG (g, =q,)

Ath family (¥ _-0.5)
3 Top-pion (m =250 GeV)
PROE, 014018 (2001)

s
|
2
arof

t-channel cross section [pb]

£

% { 2 3
s-channel cross section [pb]
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DO Integrated Luminosity

Integrated Luminosity [fb]

2.4 - T
2.2 LI 2.13 b~ F
2.0 910 pb™' analysis

s December 2006 o
1.8

/
r g A /
: A1V

1.4

- B?DJFIJJI: éﬁ.ﬁlysls > /.r 7

¥ - »

1.2 /,f/,-' 1.79 fb
1.4 7 7
e 230 pb ™' analysis / r//

| Physics Letters B - pd /
0.6 March 2005 / —
0.4 - j: :,.:‘/ — Delivered
02 ;:__{:.:_-4- — Recorded

|| | 1
e HiEN

0.0 || | |

Apradd Jul03 Owrdl Joam02 Apr3 Nal0F Oerd? Jandd Apraodd Juldd Oerdd Jan0F Agd0F JuldF OuwrdE Jundd Agrds Juldd Oerdd
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Electron ID

We require electrons to be within the central calorimeter:
9et| < 1.1,

Loose isolated electron

At least 90% of the energy of the cluster must be contained in
the electromagnetic section of the calorimeter. The y? from the
{ x 7 H-matrix must be less than 50. The energy deposition Iin
the calorimeter must be matched with a charged particle track
from the tracking detectors with p; > 5 GeV. |solation:
(Etotal( R < 0.4) — Egm(R < 0.2))/Egm(R < 0.2) < 0.15.

Tight isolated electron
A tight i1solated electron must pass the loose isolation

requirements above, and have a value of the seven-variable
EM-likelihood £ = 0.85.
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Muon ID

Loose muons must be of medium |nseg| = 3 quality and pass the
loose cosmic ray rejection timing requirements: |At(A layer

scint, tp)| < 10 ns and |At(BC layer scints, tp)| < 10 ns. The track
reconstructed in the muon system must match a track reconstructed
In the central tracker with \lef'ndcrf < 4. The central track is required
to have distance of closest approach (dca) to the primary vertex of
|deca(x. v)| < 0.2. Note that the previous analysis imposed a dca
significance cut of 3 standard deviations that has been removed now.
Loose muons must be isolated from jets by AR > 0.5.

Tight isolated muon

Tight isolated muons are loose muons with the additional isolation
criteria: (a) the momenta of all tracks in a cone of radius R < 0.5
around the muon direction, except the track matched to the muon,
add up to less than 20% of the muon pr; and (b) the energy
deposited in an annular cone of radius 0.1 < R < 0.4 around the
muon direction is less that 20% of the muon pr



HF Fraction

o Whbb + WeE) + Wjj + tt + QCD = Data

Scale Factor o to Match Heavy Flavor Fraction to Data

1 jet 2 jets 3 jets 4 jots

Electron CChantiel

) tags L33 £ 0,10 1.4% + 0,10 1.50 = (.20 1.72 = .40

1 tag 1.29 4+ 0.10 1.5% = 0.10 L.40 = 1(0.210) Lol = bl

2 tags .71 £ 040 2492 = 1.20  -2.91 = 3.50
Inon Channel

0 tags 1.34 £ 010  L50£ 010 152 %= 0.10 1.38 £ 0.20

1 tag 1.11 £ .10 1.52 4+ 0,10 1.32 4+ 0.20 1.50 4 kol

2 tags 1.40 £ 0,40 2.46 £+ 0.90 3.78 £ 2.80

63



HF Fraction

Heavy flavour scale factor o measured in the zero tag bins

1.8

1.6

1.4

1.2

—

||||||||||||I|||I|||||||
—
e & |

o =1.51=0.04

IIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIJ_IIII

Simm

1 2 3 4 3 6 7

8
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HF Fraction - CDF

1) Estimate generic jet heavy flavor fraction in ALPGEN Monte Carlo
2) Fit for bottom and charm fraction in generic jet data

Difference between the two outcomes suggests K=1.5:0.4
Result supported by study using MCFM: 7 M. Campbell. I. Houston.

M™ Method 2 at NLO, hep-ph/0405276
preuwdo—ct =L, -
20 pEE
T :':-_!ﬂ-_:ﬂr_'_h L = ’
T -~
T
STTO OO b g Ty
Flsir 5 ranbhn s, Flnver Creation [t
| | GIETEL B T TR (T T , .
I
| ]+ camark jus R L s
T O A CET R T O ey
|:| t lrapuark jels BT DT & e e
Flersar Feaitnlen :Il:-‘l Gluom Spikting l;_'r'."':
e oeE] b b s
5 T Tt - SFt
PR T O TS Y il - B
Ghanr Facabion I_'.:_."' fiucn Fodenan '::u'll_l
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Systematic Uncertainties

Relative Systematic Uncertainties

tt cross section
Luminosity

Electron trigger
Muon trigger

Jet energy scale

Jet efficiency

Jet fragmentation
Heavy flavor fraction
Tag-rate functions

18%
%
%
%
wide range
%
5—T1%
30%
2-16%

Primary vertex

Electron reco * ID

Electron trackmatch & likelihood
Muon reco * ID

Muon trackmatch & isolation
Sreal —e

Sreal —p

Efake —e

Sfake —pu

M B2 B2 =] 0 M2 W

L=
a~

=

L= L= =] =]
&~ &= &~ &~

L= =]
== 8
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Matrix Element Method

0.18f D@ Run Il 0.24F D@ Run Il
0.16 e

B-H == s-channel MC Events Dqlg == t-channel MC Events

0.127]  —WbbNC Events 016-  — Wbb MC Events

0 02 04 06 08 1 % 02 04 08 08 1
tb+igb ME Discriminant tb+igb ME Discriminant
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Matrix Element Method

20 Descrimi nand for tgb

X
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Decision

Object Kinematics
pr (jetl)
pr(jet2)

PT (jet3)

Pt (jetd)

pr (bestl)

p1 (notbestl )
P71 (notbest2)
PT (tagl)
pr(untagl)
P (untag?)

Angular Cormrelations
AR(jetl, jet2)
cos(best] lepton ) oett op
cos(bestl notbestl )y eatrop
cos(tagl.alliets)a]ljets
cos(tagl lepton)papredtop
cos(jetl,alliets)a) ljats
cos(jetl lepton)p appedtop
cos(jet2,alljiets)y] jjats
cos(jet2 lepton)ptagpedtop
cos(lepton, @(lepton ) = fﬂbeatmp
cos(lepton, besttopframe p eg ¢t op CMframe
cos(lepton, btaggedtopframe ) aggedtopC MErame
cos(notbest,alljets), )01
cos(notbest, lepton )y, ozt top
cos(untagl,alljets) ;) ees
cos(untagl lepton)yiapped top

Aplanarity{alljsts, W)

Trees Variables

Event Kinematics

MW bestl) { "best” top mass)

MW tagl) ("b-tagez
Hr(alljets)
Hy(alljets —bestl)
Hy(alljets—tagl)
Hrialljets, W)
Htijetl jet2)
Ht(jetl jet2, W)
Mialljets)
M{alljets—bestl)
Mialljets—tagl)
Mijetl jet2)

Mi{jetl jet2, W)
Myjetl jet2)
Mr{W)

Missing ET

P (alljets—bestl)
p1lalljsts—tagl)

P ljetl jet2)
Q(lepton ) = nluntagl)
JE

Sphericity(alljets, W)

" top mass)

* Adding
variables does
not degrade
performance

» Tested shorter
lists, lose some
sensitivity

« Same list used
for all channels
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Ensemble Testing Detalls

Use a pool of weighted signal + background
events (about 850k in each of electron and
muon)

Fluctuate relative and total yields in proportion to
systematic errors

Randomly sample from a Poisson distribution
about the total yield

Generate a set of pseudo-data (a member of the
ensemble)

Pass the pseudo-data through the full analysis
chain (including systematic uncertainties)
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Cross-checks: DT

« "WHjets” =2jets, H; (lepton,MET,alljets) < 175 GeV
« “ttbar”: =4jets, H; (lepton,MET,alljets) > 300 GeV
« Shown: tb+tgb DT output for e+jets

]

% | #Daa Run Il Preliminary 910pb’ 5 D@ Run Il Preliminary 910pb’
> = s+i-channel e+jels = s e+jets
£ 50" mmsii-channel ==1 tag E ==1 tag
E - . g" —=2 |ets .E 20— ==4 [ets
- B Wejets HT<175.0 | . 300.0<HT

0.2 0.4 0.6 0.8 1
tbtgb-combined DT outpul (fulltree) tbigb-combined DT output (fulltree)

0.4 0.6 0.6 1

« (Good agreement of model with data
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Cross-checks: ME

Look at Hy “sidebands”™ in 2 and 3 jets

“Soft W-jets” “Hard W-jets”

s Diacrim inant - B < 175 sty wi =3 Jala and Tags Combined b Discriminand - HE = 300: g+ &' =2 Jets and Tags Combined
Ks: 1 16 KE: 0.994

0.8 0.9 1 T 0.8 0.9 1
th Discriminant tb Discriminant
mmrmm- HE < 176 by & =3 Jisls and Tﬂ i b e 13 th Discrminant - Mt = 300 g4 w =3 Jets and Tags Combined
10 KS: 0.988 KS: 1

16
14
12
10

0.9 1 ) ] 0.9 1 72
th Discriminant th Discriminant



Excess In ME

Discriminant output with and without signal component (all channels
combined in 1D to “visualize” excess)
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25 25
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ME: Results Summary

DA Run Il Preliminary 0.9 fb"
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Decision Trees on Data

s+t, electron channel, 2 jet, 1 tag:

% g, “® Data D@; Run Il Preliminary 910pb’
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Yiald [eouns]

Yield [counts]

DT Output: M(W,Db)

DT < 0.3

DT > 0.55

b-Tagged Top Mass [GeV]
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Vil [eaurda 1004Y]

Yield [counts/'10GeV]

DT Output: M(W)

DT <0.3
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DT: Results Summary

D@ Run Il Preliminary 0.9 fb"’
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Correlations Between Methods

Choose the 50 highest events in each discriminant and look for
overlap

Technique | Electron | Muon
DT vs ME 52% 58%
DT vs BNN 56% 48%
ME vs BNN 46% 52%

Also measured the cross section in 400 members of the SM ensemble
with all three techniques and calculated the linear correlation between
each pair:

DT ME | BNN
DT | 100% | 39% | 57%
ME 100% | 29%

BNN 100%
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Single Top

D@: Search for FCNC

Posterior Prob. Density
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Single Top

 DJ: Search for W’ (230 pb)
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