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Outlook

Top quark production
L+jets
Dilepton
Single top
Properties
\Y ERSS
Forward backward asymmetry
Spin correlation |
Top-antitop mass difference

Searches
t’
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Top Quark Analyses

Mass
_ Width

b Charge Top-antitop mass difference

Spin correlation w+
FB asymmetry

New physics

t

Production

Cross section
Differential cross section
New physics
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Top Production and Decay

Top pair production

HQL 2010 10/14/2010 4






Selection and backgrounds
L+jets
One isolated lepton, at least 4 jets, si
B tagging
Main background W + jets

nificant E

Dilepton
Two isolated leptons, significant B
Main background Z + jets

Secondary vtx

displaced track

HQL 2010 10/14/2010 6




Top Quark Production Cross Section
[+jets channel

topological b-tagging

D@ Preliminary, L=4.3 fb'

—— data
B top pair
Bl other
I Wajets
B multijets

= D@ Preliminary, 4.3 b’
B
B other
U Wajets

Number of events

0.6 0.7 0.8 X 1

Discriminant Output

systematics limited!

Phys.Rev.Lett.105:012001,2010 e 3o e 7



Top production Cross Section
in Dilepton Channel

T

[] Fake bckg: 14.0

B i 265.0

e Data: 331

DQ preliminary [J Z bekg: 42.1
. & @l pibosons: 11.9
[] Fake bckg: 14.0
B« i: 265.0

e Data: 331

Number of events
Number of events

200 250 E 200 300 400 =00
MET (GeV) H; (GeV)

o, = 8.23 + 0.52 (stat) + 0.83 (syst)
+ 0.61 (luminosity) pb

HQL 2010 10/14/2010 8



Differential cross section

Unfolding of p; spectrum e

Important to test NLO QCD

Used for normalization A

o
> NLO pQCD
Data prefers NLO 2, Approx. NNLO pQCD
= # ----- MC@NLO
20 - == PYTHIA
Q-l— ALPGEN
Pythia
Alpgen

0 50 100 150 200 250 300 350 400
top quark P [GeV/c]

arXiv:1001.1900 [hep-ex]|

HQL 2010 10/14/2010



Single Top Discovery o
xpected 4.5 ¢

Observed 5.0 ¢
*Challenging - significant W+jets background.

*Employed three techniques:
*Boosted Decision Tree, Neural Network, Matrix Elements

DO 2.3 fb'
Measured Peak

SM

Ztu FCNC
gzm=°'04 9,
IVtsl =0.2

e+u channel
1-2 b-tags
2-4 jets

DT > 0.55

(*2]
o

Top Flavor

l'nx=1 TeV

= Top Pion
m,=250GeV

[ Jes»c.L.
Bl s0%c.L.
B 95% c.L.

S
(=)

t-channel cross section [pb]

S
Q
O
o
o
2
[
c
Q
>
o,
=
2
S

N
o

% 100 200 300 = , | .
M(W,tag1) [Ge -channalacgss section [pb

o,=3.94 + 0.88 pb SM
Single top

PRD 74, 114012 (2006) HQL2010  10/14/2010 i



\%

L

, Measurement

V,=1.07 + 0.12

DO 2.3 fb™

[]es% c.L.
W0 c.L.
Bes% c.L.

[ Gyge < 0.20 pb } PLB 693, 81 (2010)

Gtgu < 0.27 pb HQL 2010 10/14/2010 11




Tau+j ets

e -1
. ) . S 10°ca) DO, 1 tb
) =
“ -
c -
q>, a
Dg Runll -- preliminary March 2010 w 10 E_I ¢« Data
¢ Bt +ets
I+jets, dilepton, t+lepton (PRo) Her 7.84 1040 10081058 -~ [] Othertf leptonic decays
-1 40 —U.o4 —UL
10 15 [ WiZ+jets
|':)j(;."lfsb_5b-tagged&topologlcal, PRL) HeH 7.42 053 2046 0.45 pb E |:| Ml.lltiiel
’ Eroron il en oo U8 o we bon oo oo b e veon dln non TE s
s pem v ey 820 050 e 02 0 02 04 06 08 1
dilepton (topological)* k g.23 *0.52+0.85 4065 aerv:1008° 28 V1 NNSb
By ¢ 69 _51-0.80-057 P
531b
I+track (b-tagged)* 5.0 +}_e +8g 203 pb
- ) -14 -08 ° .
t;£+f:)epton (b-tagged) 1.34+1.20 e A" ;ets PRD 82’ 032002 (2010)
-tagged)” 7.327134120 4 45 pb - )
22" -1.2¢-106 4P § 60 - t Data, 1 fb™
autets (bagged) | gq 4307 o 8 g B 1t Signal
=) g g ...
°v4tf: o [ 1Background
alljets (b-tagged, PRD) +1.3 +14 ~— B
s — 6.9 5 [y, 04 pb % 40 - L~>0.8
(stat) (syst) (lumi) "E :
=175 GeV [l M. Cacciari efal., JHEP 0809, 127 (2008) %’ L
o~ ||| N Kidonakis &nd R. Vogt, PRD 78, 074005 (2008) Lo 20
CTEQ6.6M
S. Moch and P. Uwer, PRD 78, 034003 (2008) - *
| L1l | L1l l L1 L l L1 1 l Ll { _
0 2 4 6 8 10 12 ol b DQ

200 400 600
m,; (GeV/c?)

o (pp—tt+ X) [ph]






Top Quark Mass. l+jets

Matrix Element technique
Get a probability for an event to be consistent with the given m, m,=173.7 + 0.8(stat)

Integrate over Partqn Density Functiqns o) +-1.6(syst)
For a data sample with N events, multiply the probabilities

Find the most probable mass
In-situ measurement of Jet Energy Scale (JES), thus reducing the JES
systematic

D@ Run lIb Preliminary, L=2.6 fb™
Constant 178.43 £ 6.88

lepton+jets Mean  173.03 +0.04
ZDexvith prior Sigma 1.11+0.02

o = 172 GeV N

1008 JES™" = 1.00 [ |

DJ Run lib Preliminary, L=2.6 fb"
1.4

max

JES= 1.018 + 0.008
1.2

L(JES)/L

lepton+jets
2D no prior

calibrated

1

0.8

0.6

0.4

0.2

h\

/ ) | .", 11N
164 166 168 10 172 174 176 178 180 182
M, (GeV)

83 o0ss5

HQL 2010 10/14/2010 14



We also measure

Top Quark Mass. Dilepton | mvithMEin dilepton

Template method
Compare reconstructed mass in data and MC for different m, and find the
best m,
Two neutrinos in the final state - under constrained fit
Integrating over neutrino rapidities to find the reconstructed mass

Best m, measurement in the dilepton channel

16022 Runllb Preliminary, L=4.3 fb™’
{

-165

m, = 173.3 £ 2.4 stat £2.1 syst

-170

-175

Am, / m,=1.8%

HQL 2010 10/14/2010 15




Top quark mass

DO  preliminary Winter 2009

Run | Dileptons 011" H———8—— 168.4+ 12.3+ 3.6 GeV
+12.8 GeV

Run | Lepton+jets o1 180.1+ 3.6 + 3.9 GeV
+ 5.3 GeV

Run Il Dileptens *  prooamn! 174.7+ 29+ 2.4 GeV

+ 3.8 GeV

Run Il Lepion+jets * o 173.7+ 0.8+ 1.6 GeV
+1.8 GeV

DO combined iMarch 2003 HeH 1742+ 0.9+ 1.5 GeV
+1.7 GeV

World average  iMarch 200 173.1+£ 0.6 £ 1.1 GeV

£1.3 GeV

Run Il o{l+jets Il l+0) * 1" —e— 169.1+ 5.6 GeV

150 160 170 180 190 200
Top Quark Mass (GeV)

HQL 2010 10/14/2010
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Top width

* Can not measure directly better than our
detector resolution

*Determine the width of the top quark
indirectly from the single top t-channel

Cross section measurement

*Most precise measurement of I't

_ olt—channel) I'(t — W)y,
~ Bt = Wh) a(t—channel)gy;

L'

B(t — Wh) = 0.96210 0% (stat) T oea(syst)

o=
>
<))
()
Rl
>
—
)
c
(<))
T
o
Ig
)
()
e
(7))
o]
o

HQL 2010

DQ 2.3 b

Expected I', = 1.32:%22 GeV
Observed T, = 1.99°"%° GeV

10/14/2010

-0.55

arXiv:1009.5686v1

18



Phys. Rev. Lett. 103, 132001 (2009)

Top-Antitop mass difference

Advertised in Nature!
With CPT conserved m=ny;

Measuring m=m: tells us about CPT conservation

Matrix Element for the mass extraction

m,-mg= 3.8 £3.7 GeV with 1 fb?

165 170 175 180 170 175 180
m, [GeV] m, [GeV]

HQL 2010 10/14/2010 19




Spin Correlations

Top quark decays before hadronization - spin information

preserved.
Differentiate between spin/no spin hypothesis

N N+ — N+ —N
= M ~ 078 DZ Run 1 preliminary (4 fb™)
N+ + N + N+ : —

K

B i, SM spin corr.
— tf, no spin corr.
| Ve

— Diboson

— Multijets

30

20
1 B 1+ k cosfcosf~ 2

o dcosftdcosf— 4 i T

108 06 -04 -02 0 02

HQL 2010 10/14/2010
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Forward Backward Asymmetry

* Tevatron is a pp collider
* Expect a small forward backward : DO Run I Preliminary
asymmetry at NLO . .

« Z'— tt and warped extra dimensions predict higher A, ?

HQL 2010 10/14/2010
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S ea FC h fo r t ‘ DO Run Il preliminary 4.3 fb”'

z
* Why three generation? 3
Looking for the fourth. 5
.t‘ 9Wb = theory cross section
'fﬂ(t‘ )<I‘I‘1(W)+m(b‘ ) observed 95% CL upper limits

*Use reconstructed m, and

Hyp=2p;

*Exclude m, <296 GeV at 95% CL

DO Run Il preliminary 4.3 fb™'

— eXpected 95% CL upper limits
| expected 95% CL limits 10
expected 95% CL limits +2¢

= data DO Run Il preliminary 4.3 fb”'

[ Jt¥ 300 Ge

Wi

[T W/Z+jets I W/Z+jets
[ multijets [ multijets

HQL 2010 10/14/2010 23



p quark measur ent
"
citing era :

e’ .‘ b
p production cross section
0 precision

.’l ( v »
/o precision 4

ﬁ e top discovery! -
t measurement of V;, | f
» - . ‘

2asurements to come
% .




