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Top Quark Physics

Top Quark Production

@ Production via strong
interaction:
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Top Quark Physics

Top Quark Decay Channels

Lq
W ~
~ v, q
BR ~1 ¢ J
b
@ W decays either leptonically or
hadronically
@ t decay channels classified
accordingly
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1 isolated lepton
4 energetic jets (2 from b-quarks)
1 v — missing transverse energy

proton

<l

antiproton

Backgrounds: W +jets, QCD multijet a

2 isolated leptons DILEPTON
2 energetic b-jets

2 v — missing transverse energy

proton

antiproton

Backgrounds: diboson, Z /y* — ITI= v
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Measured Properties

various properties, lepton+jets, 370 pb—!

f, =0.056 =+ 0.080 (stat) + 0.057 (syst)
(SM prediction f, = 3.6 x 10~%)

PRD 75 031102(R) (2007)

top charge

100% charge 4e/3 excluded at 92% C. L.
p < 0.80 (90% C. L.); (p = fraction of charge 4e/3 top quarks)

PRL 98 041801 (2007)

R = B(t — Wh)/B(t — Wq)

R = 1.03 1919 (stat+syst)

PLB 639 616 (2006)



Cross-section Measurements

tt cross-section measurements

D@ Run Il Preliminary Fall 2006
dilepton/I+jets combinea H—e—H 7.1 52 b
230 pb™'
dilepton (iopological) . e—H 8.6 t;: t:s pb
370pb~"
Itrack/emu combined H—e—H 8.6 j:i ﬂ: pb
370pb~"
T+jets (b-tagged) —— 5.1 f;-: :«g-g pb
350 pb™"' :
- 2.4 +0.3
all-jets 1(b-taggeal) —eo—— 4.5 j” jM pb
410 pb”
I+jets (u-tagged) —— 7.3 f’g tg’: pb
420 pb™' :
I+jets (b-tagged) o 6.6 f)g jg: pb
420pb~" ’
I+jets (topological) o 6.3 j“ tg:pb
910 pb™" T
Mgy = 175 GeV Kidonakis and Vogt, PRD 68, 114014 (2003)
Cacciari et al., JHEP 0404, 068 (2004)
L L | IR L
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Cross-section Measurements

Lepton+jets, 900 pb—?

QCD multijet D@ Runll Preliminary 900 pb”  KS = 0.855 = DATA715

@ contribution extracted E:}fﬁ‘;sm
from data Il Muttet 88

o

topological discriminant:

@ Centrality

@ Aplanarity

o Sphe”c'ty 01 02 03 04 05 o.eLk0.|7h gBD 0.9I 1
ikelihood Discriminant

o HT

@ Aphi(lep, &r) 0 =6.3 753 (stat) 0.7 (syst)

@ KM': measures +0.4 (lumi) pb

minimum relative jet pr




Cross-section Measurements

Lepton+jets with b-tagging, 425 pb~!
Secondary Vertex Tagging

% 250:7 L=425 pb' e D data Secondary vix i" >
5 E . Signal displaced tracks
3 [JBackground
g Primary vtx
A
5 f promp racks
§ 100,
E _F o =6.6 £0.9 (stat + syst)
z % +0.4 (lumi) pb
Oy 2 =3 »4
Jet multiplicity PRD 74, 112004 (2006)

DO Run Il Preliminary, 425 pb’
T T

Soft u-tagging

no. of tagged events

o =7.3 139 (stat + syst)
+0.4 (lumi) pb

Jjet multiplicity 8/18



Cross-section Measurements

All jets with SVX b-tagging, 400 pb—*
single b-tagged:

Background estimation 42 o data,N,_ =1
. [0 —background
@ Neural network gives 2 M expected ti (6.5 pb)
discrimination between 400\~ --expected s+b
signal and overwhelming
background
@ b-taggingusedondata | | | | .
to parametrize tag rate 0~ .
functions (TRFs)
@ QCD multijet extracted DG Run Il 405 pb'
from data using TRFs [ EE————
- 0.6 0.8 1

NN

o =45 29 (stat) *34 (syst) + 0.3 (lumi) pb J




Cross-section Measurements

T+jets, 350 pb~?

= decay channels Type 2: 1 charged track and > 1 EM obj.

Q@ T — evels, T — UVuVr
(BR=35%)

Q@ 7 — vy (BR=12%)

@ 7 —p v — (Nt + 77 )y

(BR=38%)
@ 7 — 3 charged hadrons + >

neutral hadrons (BR=15%) o4 0506 o7 0809t

v
Type 3: > 1 track

@ leptonic T-decays not used
@ Neural network (> 0.9) used to *

select 7 for 3 types of decays 2
@ Atleast 1 b-tagged jet 1

1
NN Cut

o=5.1"%3 (stat)
i0'7 (Syst) :l: 0.3 (Iumi) pb 04 0.5 06 0.7 08 0.9
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Mass Measurements

DG Run Il Preliminary Fall 2006

I+jets (matrixelement, b-taggeq) BEST —0— 1703 7] 113 Gev
Jropt”

I+jets imaix eiemen, 1opologican k o 169.2 gﬁ t:i Qe
Froph’

l+jets (ideogram, b-1agged tapa) e 173.7 '_::: :;‘1 GeV
370 pby

[P P —— ———i 170.6 133 120 Gev
230"

+jets - —H—eo—— 169.9 22 7% Gev
230 by

1 matrix weighting, b-agged, topo) e 176.2 3; i§j3 GeV
370 gy

1L, I+lrac?t. {neutrino weighting, topo) H—e&—H 1795 :3:‘: :g:: GeV
370 by

Il combination (matrix and neutrine) H—e—H 1781 137 1% Gev
370 o’

€} {matrix weighting, topological) H—e—H 177.7 I§§ j: GeV
8asph’

€ (neutring weighting, topalogical) H——H 171.6 :;:: ::::1 GeV
8aspt’

12 418
World average HH 171.4 175 L GeV
L L 1 L L L L L 1 L L

L 1 L L 1 L
140 160 180 200
Top Quark Mass [GeV]

11/18



Mass Measurements

Lepton+jets, 370 pb~! - Matrix Element method

Event Likelihood

L= fsgn I:’sgn JF fsgn)F’bkg

/ dg;dog

flavors

F M2 ddg W(X,y; JES)

Double b-tagged events:
D@ Run I, 370 pb™

)L
top max

L(m

0.5

@ Pgy, uses tt — lvbbgq’ matrix
element

@ Ppyy uses W +jets matrix
elements (VECBOS)

@ 2-dimensional fit of likelihood
vs. m; and jet energy scale

=170.3 "% (stat + JES)
12 (syst) GeV/c?
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Lepton+jets, 370 pb~! - Ideogram method

Psgn = ZWi/G(mi,m/,Ji)BW(m/,mt) dm’

i=1
24 Event Likelihood
Porg = BG ) -
bkg ;W' (mi) @ w;: weight for the i jet-parton

DO Run Il Preliminary permutation based on b-tagging

@ G(m;,m’, oy): Gaussian
probability for detector
resolutions

@ BW(m’, m;): Breit-Wigner
probability

@ BG(m;): shape of mass
distribution for W +jets events

before calibration

150 155 160 165 170 175 180 185 190 195 200
top mass (GeV)

me = 173.7 + 4.4 (stat + JES) *23 (syst) GeV/c? J
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Mass Measurements

e/, 835 pb~1!

Neutrino weighting

@ 12 of 18 parameters measured (pr of 2

ot o -17is79Gev neutrinos missing)
< . .
3 a0 Jf @ My and m} = m? give 3 more constraints
-
5 ot + @ my hypothesis + r for each v used to solve
28 kinematics
27 @ Calculated 1 compared to measured Et
s to get likelihood
225t
150

W w w2 171.6 4 7.9 (stat) T3 (Syst) GeV/c? J

Test Top Mass [GeV]

D@ Preliminary

Matrix element weighting

73

£t

-log(likelihood)

m; = 177.7 + 8.8 (stat)
31 (syst) GeV/c?

450 160 170 180 190 200
m_top 14/18



Summary

Summary

@ All results consistent with the Standard Model
@ Much more data to collect (4-8 fb~? total) and analyze
@ Many results already submitted or being reviewed for publication

m Run Il Integrated Luminosity 19 April 2002 - 4 Febuary 2007
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Backup Slides

Topological discriminant variables for lepton+jets

Cross-section

@ Centrality: C = Hy /H.

@ Aplanarity: A = %)\3, Az is the smallest eigenvalue of the
normalized momentum tensor, M.

@ Sphericity: S = 3(A\2 + A3), X2 and A3 are the smallest 2
eigenvalues of M.

@ Hy: scalar sum of the pr of the four leading jets.

@ Aphi(lep,Er): azimuthal opening angle between the lepton pr
and the missing transverse energy.

e KM — min(AR;)min(pr)/(pf” + Er). Rescaled to reduce
correlation with jet energy scale.
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Lepton+jets with SVX b-tagging, 425 pb—!

Secondary Vertex Tagging

: 50 L=425 pb” N o D@ data
% F [l Signal
9 40- [JBackground
9
s 30¢
ha [
o [
o 20
Qo [
g [
2 10;
c: *

L
=1 =3 >4
Jet multiplicity

o =6.6 +0.9 (stat + syst) & 0.4 (lumi) pb J
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Backup Slides

matrix element method

£y ‘ ]
38 DG Runll ]
I.IJi ]
5 ]
o
©

=60

E].EI (GeV)
2 g8 = 2.2
M= = EFF (2—ﬁ Sqt>7
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