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Top Quark Physics

Most massive elementary particle
—Discovered in 1995, only few dozen candidates in 0.1 fb-"

* Any effects from new physics?

180 -
160 -
— 140 -
* Top quark mass is a fundamental £ 120
parameter in the Standard Model § 100
and beyond 2 23

— Induces significant radiative corrections to s 40

W boson mass

— Studies with 2-5 fb-1for this talk

/

20

— Reduced uncertainty on top quark mass N —— -
imposes tighter constraints on unknowns, nu ¢ b W Z top
gkeSStandard Model Higgs boson or
USY

« Significant background to many
searches for new physics at LHC
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Outline

* The top signature and how to separate signal from
background

* Top Quark Production
— Top pairs, mass
— Searches for anomalous production
— Single top

» Tests of Top Quark Decay

— W boson helicity in top decays
— Probe the W-t-b vertex

J "r: e ‘
% %
v t4 b
0’
@ g Jet 2 (b)

clectron

neutrino
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ldentifying top events

Events classified by decays of the two W bosons:

* “lepton+jets”: 4 jets (2 from b) and missing )
E;fromv ’
— BF=24/81, but significant background from !
W+jet production WHEN
jetp AN
» “dilepton”: 2 jets and missing E; from v W?%‘\

— Clean, but low stat. BF=4/81

« “hadronic™. 6 or more jets
— BF=36/81, but large QCD muiltijet background
— Jet energy scale uncertainty, combinatorics
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‘|+jets” events, background suppression

IS | ifi ' Soft lepton
« Key is identification of at least 1 /‘
b-jet. Background reduced to Wbb | Difplaced
(few % of W+jets background)
R-X-X-X~20 4 q SCCO\'/?:C:’;
oo%< Jet L
Moy N g x

« 2 techniques:
— Secondary vertex tag: find
decay vertex of long-lived hadron in jet.

— Soft lepton tag: lepton in jet -

from semileptonic decay of B

« Typically at least one b-tag required for a top I+jet candidate



Secondary vertex tag
Efficiency per / // E':‘,s:;.:n:;t 1245 Gev
b-jet: ~50% (top)
False positive
rate:~1%

CDF beampipe, r=1.26 cm,
and first layer of silicon
microstrip detector Tagged Jef/A: E

agged 2:

11 GeV,Phi=79, L2d =7 mm
GeV, Phi=355 L2d=1mm




|+jets+btag analysis, limiting factors
« Dominant background is W+bb,cc ("W+HF"), and predicting it
leads to one of the dominant systematics

* Important to understand W+HF normalization in exclusive jet
bins (single top, Higgs discovery,..)

Run Il Preliminary L=4.31b"

=o-Control region
<

600—

Events

200 &5

0

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets
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W+HF backgrounds
Normalize ALPGEN W+jets (pretag) to data:

pretag _ agpretag _ ajpretag _ mjpretag _ njpretag
NW+jets - Ndata NQCD NEWK Ntop

determine heavy flavor fraction in ALPGEN W+jets

« Measure correction factor K to heavy flavor fraction
W+HF = normalized W+jets x K x heavy flavor fraction

at CDF, K extracted in W+1 jet control region:

nEvents —e— data
3 CDF Run Il Preliminary L = 2.7 fb”" —_ Lloht Flavor
2205_ un reliminary L = £. R Bottom
KCDF — 1.4 i 0.4 2002_ +$1 —— Charm
180F +
— 160F
KDO - 1-5 i 0-45 1405_
120F-
100?- +
. 80F
Kin.observables: top decay ol T
products are more central and "3
more energetic than background o=t 1 8

0.2 0.4 0.6 0.8 1
KIT Flavor Separator

-0.8 -0.6 -0.4 -0.2 0



 Top quark production
— Top pairs, mass
— Searches for anomalous production
— Single top
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pair production cross section

Produce top in pairs via strong 4 \/ @® ¢

interaction. At m=170 GeV/c? o S ¢

0=7.8x1pb e N N t
Cacciari et al. JHEP 0404:068 (2004) 85% at the Tevatron 15% at the Tevatron

Kidonakis, Vogt, PRD 68 114014 (2003)

candidate events
A

Gtt=
A-e- L
/!
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backgrounds from
MC and data

data

geometric acceptance
and efficiencies from MC (mostl



Cross section results 1

| | E
() Cacciari et al., arXiv:0804.2800 (2008) ——

77 Kidonakis & Vogt, arXiv:0805.3844 (2008) LS L e
[ Langenfeld, Moch& Uwer aer 0906.5273 (2009) '

0_

Dllepton 7.27+0.71:0.46+0.42 )
(L=4.3 b ) (stat) (syst) (fumi) I
LeptontJets (ANN) f/ 763:037:035:005 @S e L
(L=46) I
Lepton+Jets (SVX) - 744:035:058:044 ©6- TR RS B
(L=4.3 ) T —

a -
All-hadronic 7.24:0.50+1.10+0.42 |Q4 - o COF Run Il Preliminary 4.6 fb™
(L=291) ‘6’ ] Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009) |

. 4| s Cacciari et al., arXiv:0804.2800 (2008)

y4DOF= 0.60 m=172.5 GeVic’ 1° T

| I | | [

& 5 6 7 8 9 10 M O ieg tes a0 2 174 76 178 180
o(pp - tt) (pb) Ac/G = 6.5% Top Quark Mass (GeVic?)

oy = 7.90 = 0.31(stat) = 0.34(syst)+0.15(Lumi) pb
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dilepton channel:

300

Number of events
N
o
o

100

Cross section results 2
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DQ preliminary
4.3 fb™
|

_—
[ JZ bekg: 42.1 g
[l pibosons: 11.9 -"33
(] Fake bekg: 14.0) 5

B i 265.0 12
* Data: 331
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_ D@ Preliminary, 5.3 fb”

—0— (PP X > [4X) i
—— Exp. mass dependence .-

NLO+NLL Cacciarietal. ™2
— NNLO approx Moch and Uwer ™78
- —— NNLO approx Kidonakis et al.

-
-
e
.
...
“ea,
e
......

-

u
e
e
-
......
R T
.

~.~

: T
Number of jets 150

L1 L1 1 1 L1 1 1 L1 1 1 I
160 170 180 190

Top Mass (GeV)

oy = 8.4 = 0.5(stat) = 0.9(syst)=0.6(Lumi) pb
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Cross section results 2

DO Runll = preliminary March 2010

I+jets, dilepton, t+lepton (PRD)
1.0 fo~’

i

+0.46 +0.66 +0.54
7.84 42 554046 PP

I+jets (b-tagged & topological, PRL)

HeH 7.42 :0 53 +0.46 0 .45 pb
0.9 fo’

I+j | network b-tagged, PRL +0.52 +0.77 +0.53
jets (neural networ gge ) P 8.20 520 01T pb
1.0 fb™

dilepton (topological)* P +0.52 +0.85 +0.65
6.3 fb-" 8.23 J551-080-0.57 PP

I+track (b-tagged)* 5.0 1% 07 03 pb
1.0 fo™

+ . *

tau Ie1pton (b-tagged) 7.32 11:3: :}igg <045 pb
2.2 fb~

tau+jets (b-tagged)* " 1 54 *43 %07 .55 pb

» -35 -0.7
0.4 fo
al:j:::_fb-tagged, PRD) — 6.9 :;g :112 204 pb

(stat) (syst) (lumi)

HEP 0809, 127 (2008)

Vogt, PRD 78, 074005 (2008)
r, PRD 78, 034003 (2008)

i I

B M. Cacciarie
| N. Kidonakis
S. Moch and

| Ll 1 I Ll 1 | Ll

My = 175 GeV
CTEQ6.6M

0 2 4 6 8 10 12
o (pp —> tt + X) [pb]

Julia Thom, CU
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Top Mass

« Challenge: associate oo

measured objects to initial s05 | ert sy

state quarks and leptons - e

(incl.neutrino), extract best &, O

possible 4-vector for each 3

— E.g. Matrix element method: . )
determine probability density for | ,
each combination 150 175 200

m, [GeV]

« Major systematic: Jet Energy Scale

— Run |l: constrain JES uncertainty
using reconstructed hadronic W (“in-
situ calibration™), fit for both JES and

top mass |
Julia Thom, CU 14



Tevatron Combination

Precision now systematics limited,
(but JES scaling with statistics)

March 2009 Tevatron combination:
My, = 173.1+0.6(stat) =1.1(syst)GeV/c?

Mass of the Top Quark (*Preliminary)

°
CDF-l di-l 167.4+10.3+£4.9
®
DO-1 di-l 168.4+12.3+ 3.6
A —
CDF-Il di-l 171.2+£27+29
. -—._-‘
DO-11 di-I 1747+29+24
°
CDF-11+] 176.1+£ 5.1+ 5.3
DO-1 1+ 180.1+ 3.9+ 3.6
, _ - -
CDF-Il 1+ 1721+ 09+1.3
. ' -
DO-11 1+ 173.7+ 0.8+ 1.6
°
CDF-I all+ 186.0+10.0£ 5.7
_ _ - -
CDF-l all-j 1748+1.7+1.9
. - -
CDF-II trk

Tevatron March'09
hep-ex/0903.2503

| I

175.3+6.2+ 3.0

- -
173.1+£ 0.6 + 1.1

(stat.) + (syst.)
'/_:/dof‘= 6.3/10.0 (79%)

| I 1 J

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 (DO0) 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

150 160

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



Tevatron Combination (March 2009)

March 2009
L]

1 — LEP2 and Tevatron (prel.)

80.54 -~ LEP1 and SLD

68% CL

" 200

Julia Thom, CU

6_Mmm . m =1-eGGov
: Yl Theory uncertanty
' : ¢t (5
5 4 LR mh" - -
% i —0.02758+0.00035
) % % e 0.02749+0.00012
4 - 3 e incl low Q2 data N
3 _
2 - -
1 7
0 Preliminary
30
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A s (0)

New CDF measurement: 4.6 fb-"

Most precise single measurement, |+jets channel

As before, likelihood per event is calculated by integration over the matrix
element. Assume all events are signal

Neural Network distinguishes background, accounted for as a correction
in the Likelihood log Lsig(m,,JES)z

> [logL,(m,,JES)- £, (g,)l0g L, (m,, JES | bkg) |

event.s:l
CDF Run Il Preliminary 4.8 fb Neurgl net
u 5 N
08 :_ §0'12 I —— signal m=160
0.6 = -\ signal m=170
- g 01— NV - —— signal m=180
0.4 :_ @ B : ' N EELTE W-+bb background
- - e W+light background
0.2— 0.08 — B N R QCD background
- -
E 0.06/.
02 —A(InL)=-0.5 B
.0_4:_ — A(In L) =-2.0 0.04_—1
- — A(nL)=-45
0.6~ PR T ST ST S T T T T N T N TN NN SO SO SO SO N SO SO SO S N 0'02-__-
170 171 172 173 174 175 2 B
m, (GeVic’) 0 | ! ! ! | ! ! 1

11 1111 1111 | 1111 1111 1111 1111 1111 1111 11
0 0. 0. 03 04 05 06 07 08 09 1
Neural net output

m, = 172.8+0.7(stat)+0.6 (JES)+0.8 (syst) GeV/c? 17



Searches for Anomalous Production of tt

Expect no resonance production in SM, but NP models predict
tt bound states. Reconstruct invariant mass of the tt system:

4000 T
3" ~ Tail is PDFs +
My | .
“ L new physics?
3000

I ' L g
! | ‘ >\A%\/<

1000 H- . -1

i 1
A A A A  ——

400 600 800 1000

/ my,

Threshold is 2M + smearing

do/dM,, (b /GeV)




Searches for massive X-tt

CDF Run 2 preliminary, L=319pb"

o 2 ~—CDF data CDF Runll Preliminary 1.9 fb"
8 SM tt W f
S 18 —Wdp =70 KS=42.3%
€ 16 Hint of a resonance?! QCD O ¢ — Data (Nev=371)
2 14k Diboson o ,
* F ~N60- . | Top
::_ P } | I EW & Single Top
N3 SS0E || L B W+Light Flavor
6F- Tail from PDFs (L gof- ‘ Non-W
4 . C H | W+Charm
2- 301 h + .| W+Bottom
$06" 400 500 600 700" 800600 1000 1106" 1200 20:_ il
M. [GeVic'] - + +
Threshold: 2 m, (+ smearing) 1o;— A Hﬂ“
=NEs== a1t

&o 400 500 600 700 800 900 1000
tt invariant mass [GeV/c?]

..but disappears with more data.
Julia Thom, CU 19



Massive X=tt search

« L+jets channel, at least 1 b tag

S0z 24 jets D, L=3.6 fb" -+ Data
- im. [ 1Z(650GeV)
& [ LI

&

$10:

@

1E

0 200 400 600 800 1000 1200
M, [GeV]

Julia Thom, CU
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NG

Massive X=tt search

« Extract Poisson probability for signal consistency using
simulation of resonance processes

« Largest excess less than 2 sigma at X mass ~650 GeV
 Place limit on leptophobic Z': M,.>820 GeV/c?

0.18

n/25GeV

© 0.16¢
© 0.14F
@ -
o 0.12¢
0.1}
0.08F
0.06F
0.04}

0.02

0.22F
0.2}

(b)

SM ti
X—it M, =450GeV
X—tf M, =650Ge\

X-it M, =1000Ge\

DO Preliminary

- ———

o, B(X—tt) [pb]

600 800 1000
M, [GeV]

1.2

0.6

0.2

B:

0.8

0.4

........................................

Expected limit 95% CL |
Expected limit 68% CL

* Observed X cross-sechonz
Topcolor Z° (CTEQS6L1)

D@ Runll, L=3.6 fb"’
Preliminary

l l ‘ | 1 T
,,,,,,,, !.“.1.}“1.1*1,‘;‘? i

%0 “400 500 600 700 800 900 1000 11

M, [GeV]
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Search for Anomalous Production:
Forward Backward Asymmetry

Z' can change top “charge asymmetry”: compare number of
top and anti-top produced with momentum in a given

direction

interpret as forward t?ackward Nt (p) N (17)
asymmetry (top moving for or Afb = —
against given direction), in pp Nt(P)+ N (P)

lab frame
Choosing © between top momentum and proton beam

direction: L N;(cos(#) > 0) — Ny(cos(6) < 0)
" Ny(cos(6) > 0) + Ny(cos(6) < 0)

In [+jets+btag channel: tag t vs t with lepton charge, use
hadronic side to measure top rapidity




Results, Acg

« 2 based kinematic fitter, correct for experimental effects

« small pp lab frame charge asymmetry expected in QCD at
NLO, Ay = 0.05+£0.015 (interference ISR and FSR diagrams)

Using 3.2 fb-":
A= 0.193 = 0.065 (stat) = 0.024 (syst) (pp lab frame)

Reconstructed Top Rapidity

[ T T T
= A = 0,008+ 0.036 | ! ! '|-®= Data
2 200 Signal 776 events
180 A S8 — § 0028 + 0.0059 776 events
+7 Bk
160 A9=-0.059+0.0079 [ Bkg
167 events

l

140F CDF Il Preliminary —+—

consistent with 0.9 fb-" 1:2: + E
published DO result 3 o E
Ap=0.12=0.08 (stat) Ei_l :

+ 0.01 (syst) o e s - .

0
'<ﬂ'

-3



Results, Ay

« Check modeling of background in sample with no btags

Reconstructed "Top" Rapidity -- Antita
T T T L 3 T T LB I T

T Trrr

2 £ 3
§ 400 A“=-0016:0024 ~*- Data —
G | AT =002+ 00079 Lot
- = _ s -

£| _AZ® = -0.026+ 0.000 1728 events |

200 CDF 1l Preliminary B Bkg -

s L=320 1415 events | -

250 — =
200 -
150 =
100" =

PN AR P
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Single Top

Observation in 2009 (2.3-3.2 fb1)

Charged EWK production only, direct probe
of top weak coupling

— Measure V,, G(qé',qg —> zb)oc ‘th’z
Important background to Higgs searches
NP (e.g. FCNC) can alter rates

q’

“t-channel”

2pb

“s-channel”

0.9pb

25



Single Top production

« Same selection as top pairs, but signal is in W+2
« Difficult due to large W+2j background. S/B=1/20

» Expected signal yield is smaller than background
uncertainties! Not a counting experiment..

D@ Single Top 2.3 fb ' Signals and Backgrounds
(ANl channels combined, after b-tagging)

D@ 2.3fb" Data ¢ |

>
(0] tb+tgb N
w 400 Wbb I8 o N
> . b-tagged Wee g0 1R
e all channels Wiji+Wcj Yl |
S £rjets tf - iojots 1l
) | Dibosons
T 200 S mw:
© tt — (+jets I Wee
> Multijets IR wei IR
Wi =8
' Z+jots
0 Dibosons
0 50 100 150 -
Multijets [l

W Boson Transverse Mass [GeV]
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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
d d d d 3 i of different
1 tag > 2 tags 1 tag > 2 tags 1 tag > 2 tags purity
| | |
o 1 e 1 e s
neural networks matrix elements likelihood discriminants boo’sted decision P
5 : i ®_ trees multivariate
% ° P @)= !1‘ ’i - (i‘) 3 ?;_, methods
q b Zk IH:‘ lp" (x") TR
<+ <4 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 hypotheses test statistical
Bayesian treament modified Frequentist approach analysis
DO only CDF only Thanks to Wolfgang Wagner




Kinematic modeling of input variables

untagged single tagged double tagged

COF Run Il Prefminary, Le3.216" @ o= CDF Run Il Prefminary, L=3.2f6" @0 = COF Run § Prefminary, L=3.2 o

lepton
P lep

Candciate Events

40 LY 80 100 120

COF Run Il Prebminary, Le3 210" S0 00

COF Run il Prebminary, Le3 216’ B COF Run i Pretminary. Le32%' B

M(W)

Cardcate Events
k]

-
o

. i T 13

50 0 80 100 150
m,(W) m,(W)
COF Run § Preteminary. Le3 28" s COF Run § Pretminary. Le328' o
W
-

™1 -~

n (et 1)

Candicate Events
3

-
o




Single top results CDF

8 different I+jet+ET analyses combined....

C C
g 2 g 60 +
W 1000 o w
40
+ 4 00
10 20
o 0.7 0.8 09 1 o 0.7 08 09 1

200
og fo] T—
(§) 0.2 0.4 0.6 0.8 1 (§) 02 0.4 06 038 1 -1 05 0 0.5 1
LF Discriminant ME Discriminant NN Discriminant
2 sof
C R
4 . CDF Run Il Preliminary, L = 3.2 fb'
LLI .
30 . - Single Top
B W+HF
20 2 -
I
Q
0 o o8 o ! QCD+Mistag
4 I other
1 05 ) 05 1 % 02 04 06 08 1 Data

BDT Discriminant LFS Discriminant

..Into single “Super Discriminant”

1

CDF Run Il Preliminary,L = 3.2 fb

Events

'+' 1 - Single Top
I W+HF
100 ] R
i
50 ] QCD+Mistag
l;‘ - Other
0 02 04 08 08 1 % 05 0 05 1 —— Data

Super Discriminant MJ Discriminant



F results

8 |+jet+Et and
3 MET+jets analyses:

V| = 0.91 £0.11(exp.)
+0.07 (theory)
o = 2.3+0.6-0.5 pb

CDF Preliminary Single Top Combination
For M__ = 175 GeVic®

d-Jl, F-Thg. ERC -
", @ Tag 0.0+ 58
J=hil, 1-Tng, ERC BE
. T'E T 4.6
.
a=hil, =g, ERMC =
- 2Tag 9.8+ 37
=401, 1-Tng, EML 2-3 } '-!-
.. =
[ : ]
J-Jot, &= 1mg, TLG E_E i e
3.Jal, 1-Tag, TLC 2 4+ fi"'_
Zwdut, 2-Tag, TLC P |
- 4'1 * 1.8
2-Jut, 1-Tag, TLC o7
N 1 '? 'I-' [N
Illlll I.':. Ly i UG5
2. 1% o .
BAET &b, 1-The Pl =
Wi 4] {1_3 -| =3
MET sJots, SECVTY+JotProb a3 7+ ;.E
- [
WET sdots, SECYTESECVTX . 5 g 4+ 4.2
I g
I I I q I;-:I 1 :: .:.
Al i LAE
E 3 L
I i
5 0 5 10

Single Top Production Cross Section (pb)



2D fit for o, and o,

Fitting o, and o, separately: 0,=0.8 £ 0.4 pb
And 0,=1.8+0.7-0.5 pb

CDF Run Il Preliminary, L=3.2 fb™

o~ 5 IR I I I
2 | ® BestFit
¢ 431 W 683%CL
8 a4l " 955%CL
E; a5 | | 99.7%CL f
| B SM(NLO) 7
o 3| B SM(NNNLO) -
o : |
? 25 -
e :
= -
j - 2 |
9 .
< 15|

1}

05 | :
0 i l |

", | T . L 4 T 1 1]
0 05 1 15 2 25 3 35 4 45 5
s-Channel Cross Section c_ [pb] 31



20 DO results

s, t channel fit together,
assuming SM ratio
2,3,4 jets, 1,2 b-tagged.
1 lepton, missing E;
4519 events, 22330
expected from ST

Multivariate discriminant

Event Yield
(@))
S
o

400

200

No. of Background-Only

D@ Single Top 2.3 fb’

a Data ¢ W+jets I
N tb+tqgb I |
10 uncertaint N .-

oncbackgrouné N MUItIJetS -
Sjgnal Region
40 {
20
b8 o085 09 095 1
0)
0 0.2 0.4 0.6 0.8 1
a -1
@ 107 DO 2.3 fb
S 108 67.8M pseudodatasets
% 5 17 above measured
O 10 cross section
© o4
3 10 p-value =2.5x 107
(2] 103
Q- Observed
102 significance
10 =5.03¢
1 I Y I Loy u

0 1 2 3 4 5 6
tb+tgb Cross Section [pb]



DO t-channel result
sHP)

2 D@ 2.3 fb"
g ® Measured Peak
5 * SM
? y ZuFCNC
§ thu=o'04 gZ
5 % IV |=0.2
Q
= A Top Flavor
g mx=1TeV
o 0 Top Pion

m, =250GeV
68% C.L.
: I 90% c.L.
i [ 95% c.L.
1_
_l L1 1 | L1 1 1 I | I T [ L1 1 1 I L1 1 1 I L1 1
00 1 2 3 4 5

s-channel cross section [pb] 33



0

D@ 2.3fb™ March 2009

Decision Trees 3.74 379 pb

Bayesian Nl\lls —e—i 470 FJ33 pb

Vil > 0.78 @ 95% CL Matrix Elements 430 *930 pb
o =3.49+0.88 pb BLUE Comblination 4.16 +0.84 pb
BNN Combirimation 3.94 10.88 pb

— N.Kidona;ds, PRD 74, [114012 (2006) myy, = 170 GeV

| | 1

0 5 10
6 (pp — th+X, tgb+X) [pb]
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%

@5 combination

Single Top Signal Significance

Cross Section CKM Matrix Element V,,

Expected Observed

DG (2.3 fb-') March 2009 PRL 103,092001 (2009) (m,, =170 GeV)
Vyft| = 1.07+0.12
|V,b|>0.78 at 95% CL
CDF (3.2,2.1fb-") March 2009 rrL 103092002 (2009) (m,, =175 GeV)
Vift| = 091+0.13

Vip| > 0.71 at95% cL

3.94 + 0.88 pb 450 500

2.3 08 pb >5.9 0 500

Vpft| = 0.88+0.07
| ™ |
Vip| >0.77 atos% cL

2.76 938 pb

Julia Thom, CU 35



 Top quark decay

— W boson helicity in top decays

— Probe the W-t-b vertex /Wf
t -

Julia Thom, CU
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W helicity fractions in t->Wb decay
+ fraction of longitudinally (f0) and right-handed (f+)
polarized W bosons from top-quark decay
« SM at tWb vertex predicts 70% longitudinal W
* Measure via angular distribution:

left-handed SM=0.3+0.7+0
—|1-cosé@
( ) - W rest frame l
longitudinal b it
2 - -
—(l—cos 7 ) W W in top
................ rest frame
---------------- 1)
right-handed O
................ T 0 0 0.5

Julia Thom, CU 37



Entries/0.1

W helicity results,
2D model independent fit (fO,f+)

CDF: matrix element analysis in lepton+jets channel.

0= 0.88+0.11 (stat) + 0.06 (syst) 7.[\
f+=-0.15+ 0.07 (stat) £ 0.06 (syst) = | \
_ 7:") 20 -\\\\ r ’//“

f, (Corrected)

DO: template analysis in dilepton and |+jets channels.

I DO Run |l prelimina \
60& Lepton+jets channel f;;:ff.ln...??kp y (a) fO = 0.490 i 0.106 (Stat) i 0.085 (SySt)
w0 g =T 20,110 +0.059 (stat) + 0.052 (syst)

P T T g
20:— -3 | + *~LL.%‘+]_r+_‘.

I T TR T—

-1 -0.5 0 0.5 1

coso* Julia Thom, CU
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<M Anomalous couplings

SM lagrangian with form factors f,t=1, f,R=f,L=f,R=0
L,,=->-
tWh \/5

=S Wby ([Pt [ Be)t=— =0, W bo™ ([P, + ‘/;"'PR)_I

C.R. Chen, F. Larios and C.P Yuan, Phys.Lett.B631:126
DO combines measurements of W helicity, single top
kinematics into analysis of tWb vertex, investigating
pairs of form factors

2

iy

DO Preliminary 0.9-2.7 fb”

e 2. DO Preliminary 0.9-2.7 fb’ & 2. DO Preliminary 0.9-2.7 fb’
® Measured Peak ® Measured Peak ® Measured Peak
15 LJes%C.L. 15 [ Je8% C.L. 15 [ Jes% C.L.
| B0 C.L. Moo cC.L. B0k C.L.
BosxcC.L. BosxC.L BosxC.L.
1 1 1
0.5 0.5

0.5
Lng

%I.\

lf:r24 =
find 95%CL if f,.t=1 |f,R|]?<0.72 |f,}|2<0.19 |f,R[2<0.20



Top Spin

« Top anti-top spins are correlated only if top lifetime is short
enough. Can observe correlation in top decay products

« Measure angle of decay products (leptons, jets) in top rest
frame with respect to a chosen quantization axis, e.g. top

Cosine of Lepton Helicity Angle |

helicity axis
CDF |+jets analysis: 4.3 fb-1

240 | g 300 ™
220f CDF Run Il preliminary Led4.3 b * Dot 1 CDF Run Il preliminary Le4.3 16" o Data ]
200 Top Sgnal 4 250 Seynad
180 : grounds —_ : grounds ]
160/ 3 200 —
- . i T
2190 L. — . 5 2 r —— !
“;J 120 . e = l‘;Jmog : 3 :
100F : ]
sof i 100/ . ]
. ! . —— !
60 | ]
a0 ! 50 . !
20 i U ]
[(] TETEE EFEPEPE BRSPS SPEPEPE EPEFE BRSPS S S - B | SR PP PR S S SR B PR S -

1 08 06 04 02 0 02 04 05 08 1 08 06 04 02 0 02 04 05 08
cos(f) ces(d)

] )

« Spin correlation parameter C -

Cosine of Down Quark Helicity Angle |

Cosine of Bottom Quark Helicity Angle |

o dcos0,d cos0,

4

220 9
200f~  CDF Run Il preliminary L=4.3 " @ Data 1
180 Sgna
160} W escoonss
140} B
E { 3
120 . =
* . s —
100 - :
80 !
60 !
0 !
3
08 3
P P TPIP PPN TPUPINT PO PP NP TP PP T
1 08 06 04 -02 0 02 04 05 08
cos(d)

=—(1—Ccos0,cos0,)

NOAD+NQHO-NTD-NTI)

NAD+NQO+NT)+NTY)
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Top Spin results

DO: dilepton sample, measure angles with respect to beam axis.

SM expectation NLO C=0.78 | Dobm ki 1
7z F W, SM spin corr.
w;_ ; !Ifj.-{nu's:)lifl corr. .

L — Diboson
L = Multijets

Y M//‘
gj‘;} =-0.17 + 0.64 - 0.53 (stat+syst)

08 <06 -04 -02 0 0.2 04 0.6 0.8 1
cos(B, )cos(8,)

CDF: |+jet sample, template analysis,

2D fit to angular distribution of lewPdrspnCorshton)
quark to lepton. Using helicity »

basis. SM: C = 0.4 (NLO)

<
¢ 120

C=0.60 % 0.50 (stat) £ 0.16 (syst)

-1 48 08 -04 02 0 0.2 04 086 08 1
cos(6)"cos(8,)



Top Charge

Test hypothesis: top quark is an exotic particle with q,=-4/3
(“XM”)?D.chang et al., PRD 59 (1999) 091503

L+jets events with 2 tags

Kinematic fitter associates t\ b
b jets to had/lept. W decay WtiL\ e,ll 0s-SM
‘ SS XM

—h
T

— Data BRI
[ ]tt Direct B

[ ]tt Cascade
[ it Other

I Backgrounds

— XM Expectation in 2.7 fb-1: 29 events consistent

+  with SM and 16 events consistent

—h
?

1
gy
— ]

oi:.

SM-XM Events/3 GeV/c
(@)

R —c |
L +  +! with a g=-4/3 top quark.
5 | | CDF Run IIIPreIimi‘nary‘,2.7lfb'1 Result: 95% exclusion of the
20 40 60 -4/3 charge hypothesis

SLTe,M p [GeV/c] 42



Top width
« SM prediction ~1.5 GeV at m=175 GeV/c?

« |+jet channel =1 btag, =4 jets 2-tag Lepton+Jets

2 o1F
 Minimize x? function for m, L
EO'OB__ —_— l—mp =1.5 GeV
* 2D template fit (m,, m;) to data to : r-100Gev
ﬂ.ﬂﬁ_— P
extract top width st — Ty = 20.0 GeV
0.02
<$ 1 CDF Run Il Preliminary 4.3 fbo" + -log(L) =05 D_' e . o
B % -log(L) = 2.0 150 200 250 300 50
M (GeVic”)
i log(L) = 4.5
0.5
K Www%&m“m%%% .
++—FFFI' > -h-bq:# )xg} a::o s CDF Run Il Prelimilary 4.3 fb”
R -F"d'::*: <
0: ﬁﬂ—%ww##ﬁd— MMKM%%% 0.04 204, (e
i %WWW 0.03—
- — 004, (o)
0.5
B 0.02|— — +2.0 A4 (o)
S R NI RS R
0 2 4 6 8 10 -
l—:r;gut{Gev) 0.01 —
95% Confidence Level: [, <7.5 GeV T
68% Confidence Level: 0.4 GeV <, <4.4 GeV L

top



Summary

Broad program of measurements of top quark
properties ongoing at the Tevatron

Runll dataset is beginning to provide sensitive
searches for NP in top production and decay
— SM agreement (so far)

— results using up to 4.7fb-1 of data
— Have ~7fb-1 on tape, expect >10fb-! until end of Runll

Uncertainty on the top mass (individual
measurements) is <1%!

Work provides guidance and focus for LHC top
program and beyond
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Search for Heavy Top t'=>Wq @

Search for heavy top decay to Wq o G R
final states (e.g.LHT) $ 1w e, 0

« |+jets (no b-tag requirement) “10 |

« Template method for top ol
reconstruction , ,

» Use observed H; and mass s | ‘ o 0.,
distribution to fit signal t' and ¢ b I B
background (top, W,..) jy S N
distributions i (Ge0

- CDF Run 2 (4.6 fb)

» exclude a standard model g’ e s |
fourth-generation t' quark with = Hr vS. Mreco VS Nie
mass below 335 GeV at 95% &} observed ]
CL. Copor lmits

0.01+ theoretical prediction
Julia Thom, CU Soncn el

200 250 300 350 400 450 500
t' mass (GeV/c?)



New CDF measurement: 4.6fb-1

As before, signal likelihood calculated by integration over the matrix
element (x: parton level, y: measured quantities)

Gives probability that we observe an event with kinematic variables y as a
fct of true top mass and JES shift parameter “JES”

I S U V1) V) C P F 4o (3
L_N(m,)A(m,,JEs),Z__:‘w"j Y JES| )My (m.3) dd.?(x)

4

~

/
Z

Normalization \m‘ Matrix element

produced—measured |
transfer function Phase space

‘ Parton assignments ‘
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Top mass in all hadronic channel
« Event selection in 6-8 jets (no MET) via NN:

CDF Run Il Preliminary (2.9 b)) CDF Run Il Preliminary (2.9 b))
§ 450 1 tag events N"ul § 60— = 2 tags events Nom
%400 —+— Data g 50: —+— Data
> - > [ -
&y B riea i @ o B Fitted
Fi k Fi k
200 I Fitted Bkg 40_+ I Fitted Bkg
+2/Ndof = 10.8/13 % [ 2/Ndof = 14.4/15
Prob = 0.631 - Prob = 0.493
I L 1 L 1 l 1 1 1 1 L 1 A 1 l ' 1
1.05 1.1 1.15 0.9 0.95 1 1.05 11

e Result m,=174.8 £ 1.7(stat.) + 1.9(syst.) GeV/c?
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QCD background estimation

3 techniques to evaluate QCD
 Met vs iso

* Matrix technique |
 Anti-electron/jet technique '

Isolation

)

g GeV
N, = N2t 4 Nt e
loose ~— * " loose loose
— fake—£ real—¢ Pretag CEM 2-Jet-Bin: Iso < 0.1 with QCD veto
N tight — & fake—lN loose + 8real—£N loose ) = e i :
g [ e CDF Il Data
-~ g =— Fit: ¥’ /dof=1.0
Lﬁ 1500} MET > 25 GeV:

—— W+p: 0.955 + 0.007
—— jetEle: 0.045 + 0.002

.........

100
MET [GeV]



classic top mass measurement

« Step 1: Associate measured objects with initial state using
best match (y?) to 3 constraints:

- M=Myy
- M,=My
- M,p=Mgqp
« Step 2: jet energy correction according to species
— E scale for light jets tuned to match M,
— E scale for b jets adjusted via tuned MC

Reconstructed Top Mass

] . . 405 CDF Run Il Preliminary (318 pb'1)
» Step 3: one invariant < g5t B 20
mass per event > 30- =”89<T>
: 1-tag(L)
—Final mass comes from best o 25 — .
fit to MC template VS. Mtop % 205 7] Total Signal+Bkgd Fit
£ 15t 2] Total Bkgd Fit
O 41n-
$ 10-
3-4 years ago: ¥ 5
0o/ e R s
Julia Th 100 150 200 250 300 350 400

miee® (GeV/c?)



controlling the JES uncertainty
* Dominant contribution to om, from Jet Energy Scale

uncertainty
* 0,es/JES between 3 and 6%

* Runll: constrain JES uncertainty using reconstructed
hadronic W (“in-situ calibration™)

— JES uncertainty scales with statistics

9 © w) .
W+ _ é 70: } | bikgd+Pythia M :
@) % + f o constrain inv.mass
[ h § : * + H <;of non-tagged jets
Tm_ 30; i to be 80.4 GeV
t\ 5 0 ' + !
- e l-l 10, . T t *
W ‘ ’ g:o m.'GlO‘;O‘alO.QIOI(I)(;‘ﬁ‘O =20

Mass (Gev.fc‘) 51
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Matrix Element Method

Matrix Element Method: define probability P, , that the observed
kinematics arise from possible signal or background kinematics at
parton level, then maximize L= [P, (M,,.JES)

Pt (X)=Frop-Pag(X, M, JES)+(1—F oo ))P iy (X, JES)

evt top ! sig ) il

- v
Py(X)= ff(ql)dqlf (9,)da,XIM(V)F ¢(¥)dyxW (X,V: JES)

o(m,, JES
functions (LO ME) reconstructed variables (x)

D@ Run lib Preliminary, L=2.6 fb" D@ Run lib Preliminary, L=2.6 fb"
s My,= 174.8+1.3 GeV @ | o6 leptonsjets with prior
DO 3-6 fb_1, I+JetS g’s - ° 105.E_
- = NOL
- lepton+jets :
- 2D with prior (\ 1.041 G-
m,= 173.7+ 0.8(stat) ¢ calibrated ok {
iOS(J ES) 06 1.02? \
+ 1 4(SySt) GeV/c? i 1.01F \\\
1— | _AInL=2.0 )
099 TAInL=4.5

ol i I ) L I [ ) S [ S
0988 170 172 174 176 178 180
M, (GeV)




Search for Anomalous Production:
Forward Backward Asymmetry

« /' can change top “charge asymmetry”. compare number of top and anti-

top produced with momentum in a given direction

* interpret as forward backward

asymmetry (top moving for or

against given direction), in pp BACKWARD FORWARD
rest frame

p Lt | p

) t with | : > side to



