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w INTRODUCTION

Intfroduction

e |Tis widely believed that the particle found at Fermilab in 1995 is
the top quark predicted in the Standard Model.

e SO far only pair produced top quarks
have been observed.

e Single top production via the EW
interaction is yet to be discovered.

e Currently measured properties are
consistent with those of the SM top.

e Many properties still poorly known.

e Electric charge was not determined.
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STANDARD MODEL TOP QUARK DECAY

Standard Model Top Quark Decay

In the SM, top decays to Wb almost 100% of the times.
Thus the final stafe is determined by the decay of the W,

In the lepton+jets channels:

One W boson decays leptonically.
(W —e/p+v)

One W boson decays hadronically.
(W — qq")

Final state contains 4 jets, one lepton and K.
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Clean signal and large BF (~ 34%).
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STANDARD MODEL TOP QUARK DECAY

In the SM the top quark has
charge g = +2¢e/3.

Ambiguity when pairing the
W boson to the b quark jet in
fop pair events.

Discovered particle can have
charge |q| = 2¢/3 or |q| = 4e/3.

Model exist which introduce
exofic doublet with charges
q=—1le/3 and —4e/3 (7).

The ¢ = —4e/3 would be the
quark observed at Fermilab.

The SM top quark in this model
would be heavy (~ 270 GeV).

(") D. Chang. W. Chang, E. Ma, Phys. Rev. D 59, 091503, 61, 037301, D. Choudhury, T. M. Tait, C. E. Wagner, Phys. Rev. D 65 053002.
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TEVATRON AND D@

Tevatron and D@

Fermilab is the only place where
tfop quarks can be produced.

Collide p and p at /s = 1.96 TeV.
Two experiments, CDF and D@.

D@ is a multipurpose detector.

Central fracking, calorimeter and muon system up to large n.
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THE DATA SAMPLE

The Data Sample
e Use 370 pb~—! of D@ data in the lepton+jets final states.
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e Events must have:
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One e or p.

no. of tagged events
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Large L.
> 4 jets.

N
o
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2 jets b-tagged by the
secondary vertex algorithm.

-
o
UL R

jet multiplicity

e These cuts give a very clean ¢t sample of 21 events.

e WO b-tagged jets gives less ambiguity when pairing jets fo Ws.
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THE TOP QUARK CHARGE

e The charge of the fop quark is given by the sum of the charges
of its decay products.

We measure the absolute value of the fop quark charge as:

Q1= |q + qzl,|- elu(+1)
Q2= |—a+ql v

W+ F(\ A
. Determine charge of lepton. /’\2‘3’)

. Measure charges of b-jefts.
- Using jet charge algorithm.

. Associate ¢! and ¢
- Using a kinematic fit.
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THE JET CHARGE ALGORITHM

e SuM the charges of the tracks
associated with the jet.

e The sumis pr weighted.

e Performance in Monte Carlo is
given by jet-parton matching.

e Monte Carlo is unable to describe
fine details of tracking, such as hit
multiplicities etc.

e Need to get performance of jetf
charge algorithm on dafa.

Giop — > PT,
jet Ezip%f

tt Monte Carlo SVT Tagged jets
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—b jets
------ b jets
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CALIBRATION USING DATA

e Select a “pure” bb sample in data by the Triple Tag method.

Tagging M
@ Primary Vertex
Tag Jet <> Secondary Vertex Probe Jet

Exactly 2 jets back-to-back (A¢ > 3.0).

Both jets fagged by the SVT algorithm.

One jet tfagged by the muon tagger.

e Use charge of tag muon to determine if probe jet is from b or b.
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CALIBRATION USING DATA

e The Triple Tag method is complicated by processes changing the
sign of the tag muon:

+

- Charge of muon misidentified. }JZ f;//”
W q W_ Sy
b c S

- Comes from a cascade
decay (B — D — u efo).

Q.
Q|
Q

- Comes from the decay of a " ' -
B meson affer mixing. -

-+ |

e Sample also contains background (mostly cé).

e Define also a Double Tag sample where the p-tagged jet is not
required to be SVI-tagged.

e The Double Tag sample has different fractions of c¢ and charge
flipped bb events.
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CALIBRATION USING DATA

e Get fraction of cc events from
data using pf. relative to jet axis.

e Get fraction of events with
charge flipped muon fromm MC.

e Extract jet charge distribution
for b, b, ¢ and & from Triple Tag
and Double Tag data.
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PAIRING W BOSON AND b QUARK

e Use a kinematic fit fo pair the b-jets with the W bosons.

e Same fit as is used in top Mass analyses.

e With 4 jets In the event there
are 12 possible combinations.

e Only 2 possible combinations
if we assume the 2 b-tagged
jets come from the fop decay.

e Only allow the SVT tagged jets
to be assigned as b-jets.

e/u(+1)
% %
U?D

f

e Out of the 2 possible combinations, pick the lowest y? solution

(correct 85% of the times).
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EXPECTED TOP QUARK AND EXOTIC QUARK CHARGE

Expected Top Quark and Exotic Quark Charge

Standard model:

e Make kinematic fit on tt MC

Q1 = la+aq
events to assign jetfs to Ws. : o+ ) .
. . Q: = [—a+aq]
e Obtain l’rhe jet lflovors from Exotic model:
the MC information. Q1 = lg+ ¢
e Use jet charges derived on Q: = |—q+d]
data and the measured
lepton change to obtain »0.06 T Expected Quark
top/exotic quark charge. 5
>,OO4__ ......
e The expected quark charge s |/
distribution for background is 2 0.027
obtained from Wbbjj MC in < 1
o+

same way as for signal.
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RESULT

e There are 21 events in the double-tagged lepton+jets sample.

e The kinematic fit converges in 16 out of these 21 events.

2 144 pg, 370pb* o ©
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3 107 ol = 2
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Z O
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Top quark charge [€]

e Likelinood ratio test excludes exotic hypothesis at 92% C.L.

Systematic C.L.
Stat. uncertainty only 5.8
+ Frac. of c¢ events ?5.8
+ Charge-flipping 25.7
+ Reweighting, pr andy 94.4
+ Frac. of flavor creation  93.7
+ Stat. err. on Py 93.3
+ Jet energy calibration  92.4
+ Top quark mass 2.2
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FRACTION OF EXOTIC QUARK PAIRS

Fraction of Exotic Quark Pairs

e The exclusion limit is based on 100% exotic quarks.

e Estfimate fraction of exotic quarks using a maximum likelinood fit.

=" | pp, 370pb™* ©),
_‘T‘ 1094 — Stat. only
........... Stat. + syst.
108 Physical region "
107-
1066570 05 1 15

Fraction of exotic quarks

e p=—0.1340.66 +0.11.
o p<0.52@68%C.L
e p<0.80@90%C.L
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SUMMARY

Summary

/.The hypothesis of the quark seen at Fermilalb being\
an exotic quark with charge |q| = 4e/3 is excluded
at 92% C.L.

e Limits on the fraction of exotic quarks in the
lepton+jets sample are:

p <052 @ 68% C.L.
p < 0.80 @90% C.L.

\.The analysis is submiftfed to Physics Review Leftters. /
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BACKUP SLIDES

Backup Slides
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BACKUP SLIDES

o Jet charge distributions of probe jet (P, +, P,-) is a funcfion of:
- f.z: Fraction of ce events (from data using pi¢t fits).

- frip: Fraction of events with a charge flipped muon (from MC).
- P., P,, Pz, P;: Redl jet charge distributions for b- and c-jets.

e Forex. P'u+ = P — P,u+ — (1 — fflz'p — fCé) - Py + fflz'p - Pp 4+ fee - Pa.

(Triple Tag Sample: )
P, = 0.69P, +0.30F; + 0.01 %
% P,~ = 030F,+0.69F + 0.01F.
e Double Tag Sample: u-tagged jet not req. to be SVT tagged).
"Double Tag Sample: )
P, = 0.567P, +0.243P; + 0.19F;
% P, = 02435, + 0.567F; + 0.19F, y
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CONFIDENCE LEVEL

Confidence Level

e Use likelihood ratio test to g1
extract C.L. £ ;

o A— H@ Psm(qi). "E"O_z‘
Hi Pez(qi) |

o Aguig = 4.27. 107 5

e EXxclusion of exotic hypothe-
sis from data:

00 107 -~
l—a = 1—/ AEdi — 922% ;

Adata UI -
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