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Physics with Top Quarks
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Top Quark Production
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At the Tevatron, the strong interaction produces top quarks in pairs:
q t g t
~85% ~15%
9 q-q t g% g9 Nt

The standard model also predicts electroweak production of
single top quarks:

q l q'
% b o -1 4 =
G=198pb A = 4
ér z’ q Fo= o= qr g

b
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W-gluon fusion

Leonard Christofek 4




Top Quark Decay and Backgrounds

 Electroweak decay
*Br(t—> Wb)~99.9% cs
» Decays before it hadronizes
* Classified by W boson decay:
«all hadronic B = 46% W -
* lepton plus jets B = 34%

* dileptons B = 6% - _
* Need to identify and reconstruct: ’“__

all hadronic

tau + jets

electrons, muons, jets from b- -
quarks, jets from light quarks, e
missing transverse energy ety tt  ud = cs
_|_
w
Backgrounds

Events with real W or Z bosons (l.e. W + jets, Z + jets, WW, WZ, ZZ)

Events with misidentified isolated leptons or multijet events (i.e. Heavy
flavor production with a misidentified electron, or muon from a b decay)
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Tevatron Performance
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DY Detector Schematic
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Tracking Detector
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Silicon Trabker & f P NEe

High precision Silicon Microstrip Detector
and Scintillating Fiber tracking
in a 2 T magnetic field

Leonard Christofek



!

B jet Identification and Performance
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Jet p; (GeV)

o] 5 po——
2 0.8 e p-jet efficiency DO
_ g - — c-jet efficiency
. E 0.6~ 4 mis-tagging rate (x<10)
- 0.4F —o—_’_—¢—_+__+__+_++
. I Secondary vix - —o—
o
\ displaced track 0.2
Primary vix Fd, Obatar—a—ara a7 7 7
7 Tl 20 40 60

B hadrons are long-lived W+jets | t-tbar

* Look for vertex of displaced >4j, 1 tag 4%, 44%,

<t 1o

tracks :
>4, 2tag |0.4% 15%
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= Lepton Plus Jets Channel
“Topological”
i+l

» Use a discriminate function to separate t-tbar and W+jets.

.
== | °© Constructed from kinematic variables (e.g. Hy, centrality, sphericity).
e | ° FOrm likelihood for channel combination.
ﬁ _ 240 pb!
“Topological S !L -
o 1 L] Wejets <
Sample composition: m 40 O muljtij:[et =
] o
38% ttbar S
X
44% W+jets :%
i -

18% multijet

753 (stat)’ | (syst) £ 0.4(lumi) pb
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Lepton plus jets channel

“b-tagged”

'] E )
L= 363 pb!
D@ Run Il Preliminary D@ Run Il Preliminary
0 7] R
S B B E— & 50 ® Daa
3300 M QcD a [ m ocp
o B WH+light . i B W+light
S = xc g B = agc
%2 wtc)fn > 40_— Whbb
= B ttbar - I - Bl ttbar - |l
“ P B w
O. | | \ZNQ T ° B W zZ-1u
i ) -  Single T
2 = t?klglej?ets < 30__ | ttbr;grea Ests
20
10
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jet multiplicity

jet multiplicity

“b-tagged”
single tag

1

double tag

mi=1756ev O, = 81715 (stat + syst )£ 0.5(lumi ) pb
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All Hadronic
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. l 150

— background, so neural

...... . 1001

networks are used to
—+— _
50 separate the signal

| | |
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NN_, discriminant

it || =g

o, =527 (stat) ;) (syst) £ 0.3(lumi) pb
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Dilepton channel
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Top Quark Pair Production Cross Section
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L=162 pb : : & : :
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Matrix Element Method
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\ / Structure functions and

sl Probability to observe a  Differential cross section detector resolution
set of kinematic variables of produced partons and functions
x for a given top mass incoming quark momenta

[ * Method which uses the matrix elements for t-tbar and W+jet production
— » Extended to allow a simultaneous fit to the jet energy scale (or calibration)
> which is the dominant source of systematic uncertainty
-
il - p
e evt (X m ) ﬂop sgn ('x m ) + ( ﬁop) bkg (X)

3 1

n

] e (om0 = o Gim) dada, £(4) f(@) W (.)
1
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Matrix Element Method (cont'd)
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Top Quark Mass

DO Run Il Preliminary
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1775 +5.8 +7.1 GeV

- |+jets (ideogram) 5.8 -7.1
. L=160 pb™ H—@—1
: . 169.9 28 *78 Gey
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l l L=230 pb™ H—e—+i
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H @ H
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The Higgs Mass
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1 —LEP1 and SLD
u 80.5- - LEP2 and Tevatron (prel.)
68% CL TG

Iv'top

— Run-l average
- Run-I/ll prel.

| Excluded .\ _ 1
30 100 500 150 175 200
m, [GeV] m, [GeV]

« M,=91*_,,GeV/c?
« M,<186 GeV/c?@ 95%CL

Leonard Christofek 18

S -CHASET B




W Boson Helicity from Top Quark
Decays
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P °© InSM, W boson helicity depends on the top quark
_— and W boson masses: e
- — Predicted 70% longitudinal, 30% left-handed, and 0% o
i right-handed.
P — We measure right-handed fraction f, or V+A {‘l:- """""
_— component.
- — Angle (cos 0" ) between the charge lepton and top
- quark direction in the W boson rest frame.
K3
E %0'75 Deg:agy angle in W restframe]
— %0.65— é C.M—_
+ 0-3; c.ca_—
| L™ = 0.08 —
| M 0.2 0.04 5
* 0.1%— . 0.02 =¥ s B St AL S R
0.17' - '.UJ,a"“"’“.'E,’,QNT“T.o!4‘ T Y B 'g_|4'-'.-'.0-_’5.""'0}5(;(;5‘ e? - Ry R J R ¥ S X 'o.ls(;{;s;
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=) \W Boson Helicity from Top Quark
Decays
i+l
-E15— —o— D3 data L | e DO daia
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g | z
& 51 e
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Combined result:

f, =0.00 £ 0.13 (stat) £ 0.07 (syst)

At Nep= il =140

f, <0.25 @ 95% Bayesian C.L.
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Top Resonances

2 - =y -
5 D@ Run Il Preliminary (L =370 pb™) 2 14 D@ Run Il Preliminary (L =370 pb™)
>
> 30 o data 2 = prediction for topcolor Z’
S, B % 12 with I, = 1.2% M,,
()} <
ﬁ B w+jets ix 10 e expected limit at 95% C.L.
20 I multijet * observed limit at 95% C.L.
single top 8
15 —total systematic error

11111111111111111111111
400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200
ttinvariant mass [GeV] M, [GeV]

Bo
1)

» Check the t-tbar invariant mass for possible resonance production
* Limit M(Z’)>680 GeV/c? with T',,=1.2% M. at 95% C.L.
* Model independent limits

TR
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Single Top Quark Production

full

/d 1td‘»et\
electron muon
2N
=1 b-tag >2 b-tags =1 b-tag >2 b-tags
¥ i ¥ ¥
=1 untagged jet
¥ \ ¥ ¥
construct
networks

2d histograms, Whb vs tt filter

\j ¢ ' \J

hinned likelihood

W

result

i

q

Use neural networks to

iImprove sensitivity

| ==g-channel (x10)
L
b Wajets

Event Yield
*

g0 M multijet
[ E+lL
-1 tag
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Single Top Quark Production

5 g - D@ Run Il Preliminary, 230 pb'
a 2 0.35- ) - )
= - - NN and binned likelihood analysis
:-_E % 03 — s-channel
= A t-channel
= o 025
a | o
. 8 2 02 6% < 5.0 pb
0.5 i =
6 2 015 0¥ < 6.4 pb
m -
w  0.1-
& n
i 0.05-
0- s i i P |
0(] 2 4 6 8 10 12 14 16

0 0.5 1 cross section [pb]
tb-Wbb NN output
* No evidence for electroweak single top quark production
» Set Bayesian 95% C.L. upper cross section limits:
c,<6.4pb ,<50pb
* Presently, most sensitive limit in the world
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Summary

* The fun is just beginning !
— Many other top quark analyses in progress:

* Top charge, top decay to charged Higgs,
anomalous kinematics (P of top quark), top mass
In all jets channel, etc...

« We now have 10 times more data from
previous run.

* For more details on results available:
— http://www-d0.fnal.gov/Run2Physics/top/top _public_web_pages/top public.html
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Decay modes

2
o Bt A P
— o 2 2 2 tb
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B Multijet o 12F
I Other 10f @
Bt Bl
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