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Top Production & Decay Modes

e At Tevatron energies (/s = 1.96 TeV) top -
guark is mainly produced in pairs via strong
Interaction 7 J

<& qq annihilation (85%) or gluon fusion (15%) "’ b & t ”a%\ :
O o(pp = tt @ M, = 178 GeV) = 6.1 pb = one %Q(:t}<+ ihw_w/<
top event every 10 billion inelastic collisions -;@9999 s - § )

e Decays via electroweak interactiont — Wb

$ BR(t — Whb)~1 = final state given by the W= decays
& BR(W — leptons) = 1/3, BR(W — quarks) = 2/3

lepton = electron or muon

Final State Dataset BR S/B
lviv bb dilepton ~5% | 4/1
lv qq bb lepton+jets | ~30% | 2/1
qq qq bb hadronic ~44% | 1/4
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Why...

e ... heavy flavor (HF) tagging?

¢ Top signal has 2 b’s and only ~ 1- 6%
of the main backgrounds has HF =
S/B greatly increased

e ... Jet Probability?

¢ Provides a continuous variable = more flexible way to understand the composition
of the tagged sample

¢ Can be tuned/optimized differently for other kind of analyses

<> Potentially, this method can be used to statistically separate b and ¢ heavy flavor
contributions
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Jet Probability Algorithm (1)

HF hadrons have long lifetime — displaced
vertices (and tracks) from the primary vertex

Determines whether a jet has been produced at the
primary vertex or from the hadronization of a heavy
guark

Physically, probability for a jet to come from the
primary vertex

Uniform for light quark or gluon jets. Peaks at O for
jets containing displaced tracks from HF decays

Signed impact parameter: dg > 0 if point of closest
approach to the primary vertex lies in the same
direction as the jet direction (cos ¢ > 0)

+ (-) Jet Probability: only tracks with positive
(negative) impact parameter

Number of Jets/0.01
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Track 1: d, is positively signed
Track 2: d, is negatively signed
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Jet Probability Algorithm (lI)

e Track impact parameter significance: S = d/oq  , as00
4

&)
@ 4000
e Fit the distribution of the track impact parameter l: 3500
significance to obtain a resolution function R(S) 2
(different for data and MC) é 2500

)

Z

(data-fit)/error

8 6 4 2 0 2

In(I(S4 )I)

e Negative side of R(S) used to determine the 1500
probability (P;.(Sp)) that the impact parameter 1000
significance (Sy) of a given track is due to the 500
detector resolution =

j=1%00 r(s)as In(I(S)N)
/2 oo R(S)dS

(o) IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

Ptr(SO) -

e Probability that a jet is consistent with a zero lifetime hypothesis:

N Nty — Ntr

PJ—HPtrX Z
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Jet Probability Efficiency

e Measured using an 8 GeV inclusive electron data sample

./ /\enton
(it is enriched with HF due to the semiloptenic B decays) "

Single t thod: e = Nei e . 1
e Single tag method: € = Ne; ' Fp -
yje!
. awa
{> Disadvantage: relays strongly on the correct
determination of the heavy flavor fraction in the sample ,
rd
/

e Double tag method: as heavy flavor quarks are mostly .
produced in pairs, heavy flavor content in one jet IS o:f je probability < 196 soe
enhanced requiring that the “other” jet (away jet) is tagged os-

0.5; ‘
C | ,‘777
e Efficienciestotag a HF jetwith E; > 15GeVand 318 pb~! °*F  + 1 + I B
0.3 BDEa ol - |
Py < 1% P; < 5% 0.2 |
gdata 0.258 4 0.018 | 0.334 + 0.026 o
eMC 0.316 4 0.021 | 0.392 4+ 0.026 o 263040 " = 607080 90 _ i
Scale Factor | 0.817 + 0.070 | 0.852 + 0.072 Efficiency vs E" (P; <1%) in
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Jet Probability Efficiency in tt Events

e Db-tagging efficiency (tag rate x SF) per jet in a top Monte Carlo sample.
Bands represent the systematic error due to the scale factor.

JetProb Tag Efficiency for Top b-Jets

JetProb Tag Efficiency for Top b-Jets

S, 0.8 5. 0.6
é 0.75_ Jet Probability < 5% é E Jet Probability < 5%
§ r Jet Probability < 1% § 0o
g 0oL 2 Jet Probability < 1%
a F 304
0.5 -
043— 033—
0.3H 025
02_ “F TopMC scaled to match data
“E Top MC scaled to match data . -
C A -1 i
0-1:— Only b-jets with pseudorapidity< 1 B Only bjets with Et>15 GeV
0:I...I...I...I...I...I...I.--I--- o:...l...l...l...l...l...I...I...I...I..-
20 40 60 80 100 120 140 160 180 0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
jet E; (GeV) jet pseudorapidity
b-tagging efficiency (%) | Py < 1% | P; < 5% | Tight SecVitx | Loose SecVix
per jet 35+ 3 47 + 4 40 + 3 48 + 4
per event 55+ 4 69 +4 60 + 3 69 &+ 5
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Jet Probability Mistag Rate

© 0.22

e Mistag rate: probability of tagginga z o2

O Observed P,<1%

. . x 0.i8 A Predicted P,<1%
light jet as a heavy flavor one goles Comevearn -c.—_wzjit:%:
+ 012 .
0.1 g T
o Determined using inclusive jet data  %E M
samples S
0 50 100 150 200 250 300
E; (GeV)
e Parameterized as a 6 dimensional
. ) 0.16
matrlx ET, Nt?"k! Z EJ ; ']7, Z’Ut{I}l ¢ % 0145_ O Observed P,<1%
x E A Predicted P<1%
. %0:21; O Observed P,<5% Ty Elf" —d}——i]_
e Cross check independent samples: 7 F  veeseedresn o S
observed (multijet trigger) vs ooesw”” %
prediction (inclusive jet data) 3 ==
_ 1 - T T - B 250 300
e Results with 318 pb~ El (GeV)
P; < 1% P; < 5% Tight SecVix | Loose SecVix
Overall - tag rate (%) | 1.22 £0.08 | 5.30 £ 0.25 | 0.48 4 0.04 1.20 4+ 0.07
Overall + tag rate (%) | 3.54 £ 0.18 | 9.20 £ 0.26 — —
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Jet Probability Mistag Rate vs Er and n

; j
Mistag Rate vs E;
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e Bands represent the total uncertainty (statistical and systematic added in

guadrature).
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tt Cross Section
Measurement

| | - NobS_Bka
e Counting experiment: O 1} — c _Xf Ldt
tt
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Data Selection

e Data sample based on Run Il data taken untill September 2004

CEM (Central electrons, |n| < 1)

CMUP (Central muons, || < 0.6)

CMX (Extension muons, 0.6 < |n| < 1)

Lum (pb— 1) 318.5 + 18.8 318.5 + 18.8 305.2 + 18.0
e Event selection:
& 1 high pp isolated lepton Jet Multiplicity 1 jet 2jets | 3jets | > 4jets
Before b-tagging
& high missing transverse energy 7 EVeNts 29339 | 4442 | 300 166
After b-tagging (Py < 1%)
# Events 350 191 52 68

» > 3 energetic jets (L4)

> vetoes (dilepton, cosmics, conversion, z,.)

O My > 20 GeV and Hr > 200 GeV

> 1 tagged jet (jet with positive P; <1%)

Enrique Palencia, IFCA
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A Top Candidate Event looks like this...

Run 166614 | Rusher of sets - 4
Eve n*}i\m 529 / /lggt'r"é’fét;’ﬁ 3 GeV

e Jets are represented by
yellow hashed cones

e For tagged jets, positive
Impact parameter tracks are
drawn red

e All other (good r-phi) tracks
Inside jet are drawn blue

e Missing transverse energy
direction is the dotted arrow

e Electron track is magenta / fet1: Et = 51 GeV, Phi =238\ JR = 1.96e-04

d Jet 2: Et = 26GeV Phi=72, Pz 4.10e<03
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Acceptance and Backgrounds

Quantity CEM
e Jet Probability tagging efficiencies Single tag, P; <1% (SF = 0.82 £ 0.07)
for tt events (PYTHI A Monte Carlo A¢¢ No Tag 3.67 £0.02£0.22
: _ 9 Tag Eff. 54.7 £ 0.2 = 3.6
sample with M; = 178 GeV/c?) Acc. with Tag | 2.00 £ 0.01 + 0.18
e [L dt 6.38 £+ 0.04 £+ 0.68

e Backgrounds estimate (method II):

& Mistags: predicted, from data, by the negative tag rate matrix and
corrected by mistag asymmetry

& non-W: derived from the complementary regions of Er vs lepton
Isolation in data

& W+HF: estimated using W+HF MC to

— extract the HF fractions from 7=F2= MC and the b-tag efficiencies

— normalized to W+jets pretag data

& Diboson, Z — 77 and single top derived from MC
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Background Summary, P; < 1%

Jet Multiplicity 1 jet 2 jets 3 jets > 4 jets
Pretag Data 29339 4442 300 166
Electroweak 93+11 166+18 23+£03 0.714+0.09
W bb 83+23 47+13 43+12 1.1+0.3
Wee 31+49 17.3+52 16+05 0.4+0.1
We 86 +21 19.0+£49 1.0£0.3 0.21+0.06
Mistag 149 £+ 17 51+ 6 6.1 + 0.7 2.2+ 0.3
Non-W 31+16 86+46 09+0.6 0.5+ 0.5
Total Background 389 +49 159+22 16.34+20 51+0.7
tt (8.9 pb) 25+05 206+24 404+45 58.1+6.2
Data 350 191 52 68
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Results for Py < 1%

0 N
S B EW + Single Top
T ff, s = 8.9 pb
® W (4 bkg.) £ 1o
% W + Heavy Flavor
L—_ % - [] W + Light Flavor
(o] - | Non-W
1o
B —e— Data
5 pet
z T

1 2 3 4

Number of Jets

o (pb) Single Tag
P; < 1% | 8.9 + 1.0 (stat) ~ | ;(syst)

e Largest uncertainty due to the tagging scale factor (~ 7%)
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Cross Check (I): Double tag Py < 1%

..g 30{ @ EW + Single Top
z |CJ tt,o=11.1pb
W | (tt+bkg)+ 1o
k- 26| W + Heavy Flavor N
g {3 W + Light Flavor
R {E3] Non-W Q N
“ | —— Data : \\ \\i )
s 10 PN S
n .
-
z
1 2 3 4
Number of Jets
o (pb) Single Tag Double Tag

P; <1% | 8.9 + 1.0 (stat) + "} (syst) | 11.1773 (stat) + 792 (syst)
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Cross Check (I): Py < 5%

2 — \ $ 60{Hl EW + Single Top
W

E {600 \ Bl EW + Single Top E 1T f,o=116pb
i | [ ] tho=96pb L |\ (fi+bkg.)t To
® N (tt + bkg.) 1o C 40 W + Heavy Flavor §
% ] W + Heavy Flavor § — é \I:IV+ \L/Lth Flavor - \&
F 5 [ W + Light Flavor = D::‘e; QR -
5 \ _ .
= E] Non-w ° 3
3 —»— Data B ]
£ £ |
- | ) - 5 _
Z . . z |

1 2 3 4’-||. ‘I| 3 ‘,_'1

Number of Jets Number of Jets

o (pb) Single Tag Double Tag

P;<1% | 8.9 i 1 0 (stat) + 71 (syst) | 11.1775 (stat) £ 725 (syst)
P; <5% | 9.67,7 (stat) + ﬂ_l (syst) 11. GJr . (stat) & +f 2 (syst)
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Summary

e We have developed the Jet Probability tagging algorithm for Run Il

<> Based on the track impact parameter information
<> Continuous variable to discriminate heavy flavor jets ST T L T T T T T

Lepton+Je§§ Jet Prob b-Tag

o Characterized the algorithm (efficiency and |eww) | - @= 89:if+i]
mistag rate) using data o
$ 54.5 + 3.6% efficiency for ¢ events Lepton+Jets: SecVix b-Tag
(L=318pb™) 7 —0— 8-7183“—“8:3
& 1.22 4+ 0.08% mistag rate 2?
e Measured the t¢ production cross section in the |Lepton+Jets: Kinematic
Lepton+Jets sample (Mr,, = 178 GeV/c?) oy = @)= 6.0%05 %10
$ o = 8.9+ 1.0(stat)’l 1 (syst) pb .
Dilepton =
e Value consistent with other measurements (and | «=ssomw g @ —— 85+25+07
also with the theoretical value) o o o
EEEEEEEEENE NN NN NS NN N
0 2 4 6 8 10 12 14 16

¢ Total uncertainty of 17%

Enrique Palencia, IFCA
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BACK-UP SLIDES
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Deduction of the Jet Probability Formula

e If we have a jet with 2 tracks with positive impact parameter which
probabilities are P, and P, and K = P; - P
0<P<1liFl2—= 0<K <1

e The area below and in the left of the curve of constant probability K is
the set of combinations, for the 2 tracks, of having a probability less or
equal than K. And this area is defined as Jet Probability, P;

1

N

oP;=A+B, A=K -1 d
J\K =P, P,

0.6

oB=["" f(x)de = [*", Kdx = —KLnK

= P; = K(1 — LnK)

e In general, it can be shown that

Nip Nir—1 N.

P; = P —

o= 1P 2, = JTIRITRITR
[=1 r=0 T K P,
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Jet Probability Efficiency: Method

e Measured using an 8 GeV inclusive electron data sample and a generic 2—2 Herwig
MonteCarlo sample

e Single tag method: ¢ = —<4—L .
ej

1
Fp

¢ Disadvantage: relays on the correct determination of the heavy flavor fraction in the
sample

e Double tag method: sample of events with two jets

e+ e— e+ e—
(Na+_Na+>_(Na—_Na—) L1
Ngtr—Ng— F%

€E —

e Calculation of the heavy flavor content in the jet (F'g) has to be corrected for the
contribution from charm (determined from MC): F'z = F,(1 + A.);)

N
& F,from D° — Kr decays: Fj, = -2 - L
€) D

{ Fp from cascade muons: select b-hadrons with 2 semiletonic decays (b — ¢ — X)
emitting a pair e-u with opposite charge:

Ngj(OS)—Ng’j(SS)

€,u, N

eJ
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Tag Rate Matrix Definition

Bin | Er (GeV) | Trk. Mult. | 3" EX® (GeVv) | | Zux| (cm) &
o o1 TS ro a1
3 {35’5o; 45 [[146 223) — {20’40; [[ﬁ ﬁ;
) ’ ) ' 127 12
e e w1 T D
6 80.100) | 10-13 > 60 or Tiny
7 (100120 | > 14 B 1T 157y
y - 12 7 12
8 [120,150) [L3x, Lom)
o D
11| (% 20
12 > 12
12 2F, 5F)
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Background Summary, Py < 5%

Jet Multiplicity 1 jet 2 jets 3 jets > 4 jets
Pretag Data 29339 4442 300 166
Electroweak 16,318 288+3.0 40+04 1.4+ 0.1
W bb 111 + 31 60+17 52+14 1.1+4+0.3
Wee 68 £+ 20 36 + 11 3.2+1.0 0.76 £0.24
We 184 + 45 40 + 10 22+06 05+0.13
Mistag 585 + 92 191 +£30 19.6 +£3.1 6.1+1.0
Non-W 69 £+ 35 21 +£11 1.3 +0.9 0.8 £ 0.7
Total Background 1033 +125 377+46 3554+42 106+1.4
tt (9.6 pb) 36+06 284+31 551+57 786+7.8
Data 975 385 87 93
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Background Summary, Double tag

Jet Multiplicity 2 jets 3 jets > 4 jets
Pretag Data 4442 300 166

P; < 1%
MC Derived 1.4 +0.3 0.33 4 0.06 0.10 £+ 0.02
Wbb 6.1 +1.9 0.57 4+ 0.19 0.10 4 0.03
Wee 0.38 +£0.17 0.09 £0.04 0.013 4 0.008
We 0.12 4+ 0.08 0.02 £0.02 0.003 4 0.003
Mistag 0.21 +0.05 0.06 £0.01 0.019 £ 0.004
Non-W 0.19 +0.12 0.03 £ 0.02 0.05 4 0.03
Total Background 84+22 1.1+0.3 0.28 4 0.06
tt (11.1 pb) 39+09 10.2 £ 2.0 184 4+ 34
Data 13 12 18

P; < 5%
MC Derived 283 +051 0.70 £0.12 0.25 £ 0.05
Wbb 11.4 + 3.6 1.1+03 0.16 4 0.05
Wecee 23 +0.9 0.38 + 0.15 0.06 4 0.03
We 0.97 +£0.37 0.16 £+ 0.07 0.03 +£0.01
Mistag 2.7+0.8 0.65 4 0.20 0.15 £+ 0.05
Non-W 0.634+0.34 0.09 £+ 0.05 0.14 4 0.09
Total Background 209 5.0 3.1+0.6 0.80 £ 0.15
tt (11.6 pb) 75+15 20.5 4+ 3.7 36.6 & 6.1
Data 28 22 39
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