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I Top production according to SM at hadron
colliders
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Top properties according to SM

tt decay modes

all hadronic
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What we really experimentally Know

Collision!

* Pair production
at TEVATRON
(xsection)
* Mass
e t->Wb BR
consistent with ~1
All above consistent
with SM!



I Parameters of top quark, measured recently

I or not measured yet !
* Charge

I * Spin
* Lifetime

* Spin correlations
* Single top prod.
xsection




Top charge determination

Assumptions involved:

* We consider just two charge options:
2/3 or4/3

* All properties (except charge) of particle
decaying into Wb (top?) are the same as
SM top



Determination of components

* Charge of b-jet
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Determination of correct pairing of leptons and jets

. 2 . . .
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I Expectation for standard and exotic model

I A possible combination of lepton and b-
jet charges:

Standard Model +- or -+
Exotic Model ++ or —-



Statistical analysis

* Binomial statistics (Puritv.Number of measurements)

PC can be directly estimated or
Pe = PP, + (1 — PEY(1 — P)
to take into account background
2 Bk
Pe = POPE 1 0.5P2"¢

Statistical variable for hypothesis testing

N
rve) =3 () @wora —peyv

NE
P(NO) =Y () [ reo@oya—peyy-iape



Statistical analysis

* Probability to reject wrong hypothesis at
aiven CL

N —1 N0 —p~L(NQ



Statistical Analysis

Many thanks to Stat. Committee specially to Luc Demortier!

Pq - purity — probability to determine correctly top charge
Nq — number of pairs of leptons and b-jets with charge 2/3

= f(Pq , Nq ,N) < o top hypothesis is rejected

value

Power 3 — for given qa, probability to reject SM hypothesis if XM hyp. is true

Bayes Factor - P(Nq |SM)/P(Nq|XM) — odds of SM over XM

convention in statistics is:

2 In(BF) 0-2 Not worth mentioning
2-6 positive
6-10 strong
>10 very strong
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Exotic rejection
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Realistic MC calculation

* |s charge symmetry there?

sqrt{pow({obsp.px.2)+powiobsp.py.2)) [obsp.gcharges0.&&sqri{povobsp. pX,2)+powlo bsp.py.2)j<5.} i htemp
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Origin of charyge bias
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I Realistic b-jet charge reconstruction

* Probability of correct b-jet charge
I calculation ~0.63
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Determination of Tq for signal and background

Selection criteria:

standard selection for a given channel (dilept., lept+jets)
b-jet charge - tight secvtx tracks, P, >1.5 GeV/c?|D |<0.15 cm

_ >22k cut (dilept.), x*<9 cut (lept.+jets, top mass kin. fit)
b-tagging (dilep — at least one jet), (2 jets in lept.+jets)

Pairing -

2

m Ibma

Background Ny or Ng | Purity | N+t | N—
L + J (695 pb~ 1)
W+HF 0.77 £ 0.17 0.5+ 0.0 0.38 £ 0.09 0.38 £ 0.09
QCD fakes 0.36 + 0.27 0.5457 500" 0.20 + 0.15 0.16 £0.12
Diboson 0.04 4+ 0.02 0.5+ 0.0 0.02 £ 0.01 0.02 +0.01
Mistag 0.11 +0.11 0.5+ 0.0 0.05 £ 0.05 0.05 £ 0.05
Singletop 0.13 4+ 0.01 0.58 £ 0.02 0.07 £ 0.01 0.05 +0.01
Total 1.40+0.34 0.518750%% 0.73+0.18 0.67 +0.16

” ar orT0.37(stat) = 2o £0.008(stat) =~ T0.36(stat) |~ T0.33(stat)
Signal 35.353 ?.92(5';;) D'JSQiD.Dls(s;_:) 20.57 i4.55(s;:) 14.7 8:|:3.3?(s;;)
DIL (955 pb— 1)
Drell-Yan 04 0.38 0.5+ 0.0 04 0.38 04 0.38
Fakes 04 0.81 0.5+ 0.0 04 0.81 04 0.81
Diboson 04 0.1 0.5+ 0.0 04 0.1 04+ 0.1
Total 04 0.9 - 04 0.9 04 0.9

- o T0-43(stat) -~ T0.011(stat) ~ o £0-28(stat) 1 1nE0-21(stat)
Signal 10'30:|:1.66(sg,:;:| D'bDQio.ozscs;;) b'QDil.oa(sg;) 4'10:|:C|.7C|(syc;)
Total Background 1.4i0[:j‘;,?%‘; ) 0.5i E%-g(gg ; 0'735435?3 ) 0.6;';:339;?; )

v i i peEt0.5T(stat ropt0.007 stat A =t stat =-10.39(stat
Total Signal 45.655 5 0o(sys) | 0-586 0.015(sys) | 267 rat6(sys) | 18-871s.44(sys)

Table 2: Background and Signal purities and expected number of SM like (N1)

or Exotic Model like (N~ ) events DILepton and Lepton+Jets.




Comparison of b-jet charge determination from
MC and Data

Dijet HF data and corresponding MC comparison
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Final result (L] 695 pb™,Dil 955 pb™)

Expected
N, | 91.30 £ 1.14(stat) + 16.18(sys) &
N, 2.80 + 1.92 g
ps | 0.586 & 0.007(stat) + 0.015(sys) s
Db 0.518 & 0.012 - i

o =005

We decided to reject SMif P < 0a=0.01! .-
(before looking at data)

Observed
Yield | Observed | After Pairing | JQ defined | SM | XM (o
L+ 91 48 94 pairs | 53 | 4l
Dilepton 31 10 16 pairs 9 ¥
Total 122 58 110 pairs | 62 | 48




Events

CDF Run Il preliminary DIL, L=955 pb-1

Final result

CDF Run Il preliminary L+J, L=695 pb~1
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ﬁharged on Top

COF Run |l preliminary L+J, L=5685 pb"
o [T
Exctic B Sgasl MC
Madal Bl WeHF
Like O3 0CD

I DiDpson
= Misiag
B Sagle Top

Events

i 0s

W Char%f = Je Ghai:I;e
To & "b.” or not to a8 """ That ia fhe gueston for the

top quark. Shown iz the product of the change of
the W and the associated b quark jet for candidate
top quark deceys. An excass of date in the exotic-
like right-hand side could indicate that the lop i
not what we think it is. More details below(*).

Determining whether a jel of paricles came
from a b quark or an appositely charged anti-b
quark is at tha heart of an existential question
ralated o quarks: what is the trua nature of tha
fop quark? Since the top's discovery at tha
Tavatron more than 10 years ago, physicists
have bean asking thamsehves: Is this elusive
particla really tha top guark pradicted by thea
Standard Modeal? Measuring its electric charge
would help answar that question. According to
the Standard Model, the top guark should
have a charge of +2/3 and should decay to a W
+ (charge +1) and a b guark (charge -1.3),
wihile the anti-tog should decay to a W-
{charge -1) and an anti-b quark (charga +1/3).

The charge of tha W can be obfained from tha
charge of the alaciron or muon it dacays into,
but what about distinguishing between a b
quark and an anti-b guark? A team of COF
physzicisis answer this guestion by summing
the charges of all the tracks inside a b jat. If
the sum comas oul positive, they assign the
jat ta an anti-b quark, and if it is nagative, to 2
b quark. Using this algorithm, they estimate
thal thay maka the corract assignmeni about
60% of tha time. This is a fough business!

The COF physicists find that with about 1
inversa femtobarn of data, the Standard Modal
hypathesis far the top quark is strangly
supnored. This ssems to indicate that this
particla thought ta be the lop quark might
indead be the top quark.__electrically speaking

{")Continued from above: A perfectly reconstructed
top or antitop quark would always have a negative
value. Due to misreconstruction, about 60% of the
time a correct assignment is expected to be made.
In approximately 1fb-1 of data, CDF observed 62
negative and 48 positive events.
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From left, top row: Stanislav Tokar (Comenius
University, Bratislava), Kevin McFarland
(University of Rochester), Jaroslav Antos (Slovak
Academy of Science), and Kirsten Tollefson
{Michigan State). Second and third rows, from left:
Yen-Chu Chen (Academia Sinica), and Andy
Beretvas (Fermilab); Zeynep Gunay Unalan
{Michigan State University), and Peter Bednar
{Comenius University, Bratislava). Bottom row,
from left: Veronique Boisvert (University of
Rochester), and Veronica Sorin (Michigan State
University).



Update to 1.5 fb" |

It would be may be a boring exercise if devil was sleeping ...

CDF Run II Preliminary L=1.5 fb—1

Yield Observed | After Pairing | JQ) defined | SM | XM
L+ 193 102 199 pairs | 111 | 88
Dilepton 44 14 26 pairs 13 13
Total 237 116 225 pairs | 124 | 101

CDF Run Il preliminary, L=1.5 fb”
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I Conclussion

® There is very strong support in 1.5 fb” of the CDF data
I for SM top!

® There is also seen something unusual and lets see what

happens with at least factor 2 larger statistics!



