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Introduction, 1

e Pair production of top quarks via strong interaction
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e In Run2 (y/s = 1.96 TeV) we expect ~ 30% higher
production cross section than Runl (y/s = 1.8 TeV).

Run1 (CDF, all channels): |o(pp — tEX) = 6.571"f pb
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Introduction, 2

e Assume 100% t — Wb, and £ — Wb.
Decay possibilities of W determine ¢t decay mode.
Almost 30% of the time we get tt — l(=e, n) + Jets.

Hee (131)
Emu-mu (1/81)
[ tau-tau (1/81)
Hemu {(281)
Oe -tau (2/81)
Emu-tau (281)
Detiets (1281)
Hmutjels{1281)
B tautjels{12/81)

Ojets  (36/81)

_ _ . Nobs_kag
e Cross section measurement: o (tt) = e - [ Ldl

N,ps observed events with signal characteristics

Nprg background events with signal characteristics
e,r €fficiency for detecting signal events

[ Ldt integrated luminosity of dataset used.
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Experimental signature and backgrounds: ¢+ Jets

tt - l(=e,u) + Jets

- One energetic and isolated lepton: ppr > 20 GeV/cC
Iso = extra energy in R < 0.4 of lepton / pr(¥) < 0.1

- Missing energy from neutrino (EJ**$ > 20 GeV)
- (Ideally 4) “tight” jets (Ep > 15 GeV at |n| < 2)
- At least one jet “tagged” as b-jet

Backgrounds
- W/Z 4+ heavy flavour (e.g., g — bb or cc)
- Heavy flavour jets + a fake lepton (“non-W")
- Mistags from light quark jets or gluon jets
- Di-boson, Drell-Yan, single top production
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Data sample

e Collected between 23-Mar-2002 and 12-Jan-2003
(runs 141544 — 156847): First run the electron L3 was
functioning properly, till January 2003 shutdown

- 57.5+ 3.4 pb~1 good for CEM e* and CMUP p*
(require COT and SVX tracking, calorimeters and
central muon sustems)

- 47.34+2.8 pb~ ! good for CMX u* (0.6 < |n| < 1.0).
Runs 150145 — 156847
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Pre-tagging signal efficieny measurement: e + Jets

e 200K simulated tf events: HERWIG, m; = 175 GeV/c?

€tt — Ctt—pretag

€tag event

cdata
€ opge = €MC . cdata . cdata . leplD
—preta — A T
p g tt—pretag g €lepID
o CEM electrons:
Cut |evqqbb|uvqqbb|Trqqbb|evevbb|uvuvbb|TvTrbb | evuvbb|evTvbb| uvTrbb| qqqqbb| Total
Ninit [29644(29340(29748| 2528 | 2435 | 2479 | 4937 | 4878 | 4952 [89059|200000
Nopsy |28728|28356(28825| 2451 | 2357 | 2395 | 4780 | 4723 | 4779 [85995|193389
geom |19184| 9475 111482 2017 | 478 828 | 2956 | 3050 | 1380 |37907| 88757
Nieprp |11638| 86 | 1067 | 1615 9 154 | 2022 | 2010 | 171 353 | 19125
iso |10525|1 9 880 | 1536 0 132 | 1896 | 1878 | 146 51 17053
met | 9392 8 766 | 1407 0 117 | 1742 | 1722 | 130 26 | 15310
Nje: | 8457 5 693 | 514 0 55 356 | 761 22 25 | 10888
Ngirve: | 8442 3 693 | 401 0 51 181 737 14 25 | 10547
Nzyeto | 8217 3 679 | 304 0 47 162 | 669 12 24 | 10117
Neonvvet | 8202 2 668 | 304 0 47 162 | 669 12 17 | 10083
G%gretag 0.0521 + 0.0005

e,0 = 0.951 (z of primary vertex < 60 cm)

= 0.990

eflat?D
—_— (&
lepI D
CEM
= Ctt—pretag

= (4.7 +0.04+0.5)%

K. Kordas “tt — £ + Jets x-sec”, CDF/Canada 14-Apr-03, p.6




Pre-tagging signal efficieny measurement: u + Jets

e CMUP muons:

Cut |evqqbb|uvqqbb|Trqqbb|evevbb|uvuvbb|TvTrbb | evuvbb|evTrbb| uvTrbb| qqqqbb| Total
Ninit |29644|29340(29748| 2528 | 2435 | 2479 | 4937 | 4878 | 4952 [89059({200000
Ny |28728|28356(28825| 2451 | 2357 | 2395 | 4780 | 4723 | 4779 [85995|193389
Ngeom | 577 | 8211 | 1201 | 37 1123 | 125 | 1378 | 164 | 1489 | 1942 | 16247
Niepip 44 | 7210 | 596 3 1055 83 1216 | 85 1335 | 125 | 11752
Niso 1 6448 | 484 0 988 73 1126 | 78 1215 4 10417
met 0 5742 | 416 0 906 68 1021 70 1103 2 9328
Njet 0 5178 | 377 0 185 30 352 18 496 2 6638
Ngirvet 0 5169 | 376 0 93 30 244 10 467 2 6391
Nzpeto 0 5093 | 372 0 83 28 215 10 433 2 6236
e1¢ 0.0323 = 0.0004
pretag
data
67'ec>|<lep1'D
€cosmVet = 1, €pig = 0.904, —eelerID — 0 962 x 0.937,
Erec*lepID
CMUP _ 0
= | GMUP = (2.5+0.03+0.3)%
e CMX muons:
Cut |evqqgbb|uvqqbb|Tvqqbb|evevbb|uvuvbb|TvTrbb | evuvbb|evTvbb| uvTvbb| qgqqbb| Total
Ninit |29644|29340(29748| 2528 | 2435 | 2479 | 4937 | 4878 | 4952 [89059({200000
obsy | 28728|28356|28825| 2451 | 2357 | 2395 | 4780 | 4723 | 4779 [85995(193389
geom | 233 | 3798 | 526 19 535 60 614 60 620 26 7291
Nieprp 21 | 3281 | 274 3 472 37 551 36 548 96 5319
is0 0 2940 | 219 0 441 33 510 33 521 1 4698
Npet 0 2621 | 185 0 405 29 476 30 474 1 4221
Nijet 0 2340 | 169 0 81 11 181 12 191 1 2986
Ngirvet 0 2331 | 169 0 44 10 124 10 181 1 2870
Nzpeto 0 2294 | 168 0 35 9 107 6 166 1 2786
e 0.0144 = 0.0.003
pretag
data
erec*lepID
€cosmVet = 1, €rig = 0.901, —eetlerID — . 978 % 1.005,
erec*lepID
CMX — o)
= | GMX = (1.24£0.02+0.1)%
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Tagging b-jets

e Exploit the long lifetime (¢ ~ 450 um ) of b-hadrons
= Within a jet, find tracks from displaced vertex

- Taggable jet: > 2 tracks within R < 0.4 of jet axis

- Tagged jet: at least one cobination of > 2 tracks

= True b-tag: Lzy >0

- CDF Il Preliminary mee" = 178.9 GeVid
L M = 94.9 GeV/c

* Muon 50.5 GeV

True Secondary

"x-'erte.

Jet axis

Jet2 69.7 GeV
| | 111 | 111 | L 11 111 | 111 | 111 | L 11 | 111

-1 08 -06 04 02 0 02 04 0.6
Tracks X (cm)

E.g., Run/Event 153693/799494: p+4Jets (2 b-tags)

Prompt |
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b-tagging: scale between data b-jet and MC b-jet

e Do we expect correct efficiency from MC?
= Using inclusive eT sample find that jets in data are
tagged 89% as often as MC jets (S.FF = 0.89 +0.09).

e Data
= ] X MC
s~  Tagging Rates
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Left: Scale factor in b-enriched sample
Right: Scale factor Er dependance in Jet data.
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b-tagging efficiency

e Use the same simulated tt events (HERWIG) and ran-
domly reject 11% of tagged jets.

CEM CMUP CMX
Nobso 193389 193389 193389
Npre—tag 10083 6236 2786
€t retag (70) 5.21 £ 0.05 3.22 £ 0.04 1.44+0.03
€ pretag (%0) |4.7+£0.05+0.5/2.5+0.03+0.3| 1.240.02+0.1
\ No-tag 4600 2757 1242
€ty cvent (%0) 45.6 + 1.0 442 +£1.0 44.6 +£1.0
< €tag event > (A)) 454+1+5
eir (%) 2.14+0.03+£0.3[1.1£0.02+0.2]0.54 +0.01 £ 0.08
[ Ldt (pb~1) 57.5+3.4 57.5+3.4 47.3+£238
e - [ Ldt (pb~1)/1.2 +0.02 4+ 0.2/0.65 £ 0.01 + 0.1/0.26 £ 0.006 =+ 0.04
Total e - [ Ldt 2.14+0.02+£0.3 pb~!

e Tagging a tt event with ¢4+ > 3Jets (incl.

€tag event — (45+1+£5)%

S.F)
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Backgrounds: non-W (1)

e Assume E{,@iss and lepton isolation are uncorrelated.

e Use pre-tagged sample to calculate non-W event
fraction in signal region (D) from the other regions:

|_
Wy
=D |C
20 e Besnsnnns
15 """""

B ! A

: : —
nPpre—tag _ Np-Ng 0.1 0.2 |solation

non—-W — Ny o

e Calculate tag rate from region B:

t Npg-N
N9 = JJBVAC EventTagRatep

n
EventTagRatep = # tagged events, ;élﬁeevhean\{clgg jets with L;>0
CEM

| Jet multiplicity 1 jet 2 jets 3 jets = djets
| Pron—w 0.09 £+ 0.045 | 0.12 £ 0.06 (.15 £+ (.08
region B evt tag rate 0.010 £+ 0.001 0.032 4+ 0.006
# events in D 2871 149 63 16
‘hﬁfl W 26+ 1.3 1.74+£09 |03+£017)0.08 £ 0.05
region B tag rate/taggable | 0.019 £ 0.002 0.028 £+ 0.005
# taggable jets in D 1654 24 12() 42
hﬁi—w 284+ 1.4 17408 | 064+£03 | 01401
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Backgrounds: non-W (2)

e Alternatively, use only tagged events and compare
shape of isolation distribution in low and high E
regions:

B B Mectagen
i i Meb20 GV ’
1-:-’5- 7 Bfter tagging (Mat1 5 Ge) E
s rm=memy W20 S =
08 r
L] .y
0.5 _ I
| L]
Baal v =4 |
L
= 0.3 *e
= -
E 0.2 ROTY *L
Zagugte?
T H BT
0.00 NELE L 100 "9 0102 a3 Mbuﬁ 05 07 08 03 1
210N
Jet multiplicity 1 jet 2 jets 3 jets > 4 jets
N-:T;i—w electrons 4.2+ 1.1 | 2.0£ 0.6 | 0.65+ 0.26 | 0.15+ 0.07

N™  muons |0.94 0.3 0.4+ 0.15|0.17+ 0.08 | 0.06+ 0.02
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Backgrounds: Wbb, Wece and mistags. Method I

- Measure jet tag rate in Jet data in binds of Er,
Ntacks: 22 BT (tag matrix)

- Apply this rate to taggable jets in W 4 Jets sample

assumes same heavy flavour contnet for W 4+ Jets
as jet events.

0.05

7]
0.045F
% 0.04 O Posltive tag rate
'00.035
3

S o0.03
L

A Negative tag rate

c 0.025 - . —‘/}__C'_‘_C)_'_(:)_'

o 0.02

[v]

e 0.015 O
T

2 0.01F

~ —A——A—A

oh 0-005 A—A—A—

0 h_.A._.l...l...l.

CDF Il Preliminary

1 1 1

-A—
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E, (GeV)

— 3., NUk e
Ntag — szk Ntaggable €ijk

Track Multiplicity

Jet multiplicity 1 jet 2 jets 3 jets = 4jets
electrons 201 £ 27| 71+11|19+04(06+£02
muons 150+£18|53+07 [1.0+02|03+01
TOTAL 351 +36|124+14(29+04(1.0£02
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Backgrounds: Wbb, Wece and mistags. Method II

eGet mistag rate from jets tagged with Ly <O

eHeavy flavour fraction in W events from MC (gluon-
splitting, flavour excitation), normalised to W +
Jets data and corrected for b-taging efficiency.

b-tag eff. ~ 25% higher in Run2. c-tag same
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Mj=i a1 Dedaciar Level{Et:15 |aig<2)
Njet 1 2 3 > 4

— Ly |74+£0.771294+033|0.7+0.1]0.25 £+ 0.046
Wbtb | 63+23|39+1.3 08403 030+0.11
Wee | 23£1.0 | 1507 [02+£0.1| 0.07£0.03

Total [16.0+3.4| 84£20 |1.7x£04| 0.640.2
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Backgrounds: We

eV ¢ fraction and tagging efficiency from MC
eScale MC tagging eff. to data S.FF = 0.89 £+ 0.09
eSubtract the non-W fraction to be left with real
W's

eNormalize to pre-tag W 4 Jets sample

Ny = NW-I—Jets x (1 — Fnon—W) X Fyye X €tag X S.F

Jet multiplicity 1 jet 2 jets 3 jets = 4jets

Finl (%) | 59415 |83+17| 89+17 | 89+ 17
ittt (%) | 46+02|64+06| 42+11 | 42+ 11

h W electrons 2871 449 63 16
JN'W IMOns 2042 319 36 10

Nwe electrons | 6.3 £ 1.8 {1.9 = 0.5[0.18 + 0.06 | 0.05 + 0.02
Nw e muons 47 +13 1504|011 +=0.04 0.03 = 0.01

Nwetorar |[11.0+£3.1/34+09| 0.3 £0.1 |0.08 &+ 0.03
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Backgrounds: all

Background W+ 1jet | W + 2jets | W + 3 jets | W + = 4jets
Wbb, W cé, mistags (Method 1) [35.1 + 36| 124 +14 | 2.9 + 0.4 1.0 £ 0.2
Wbb, W ee, mistags (Method 11) | 16.0 =34 | 84 £20 | 1.7+ 04 0.6 £0.2
We 110+31| 344+09 | 03 4+01 | 0.08 +£0.03
WWIWZ, Z — rr 086 +02  08+02 016 =0.05| 0.04 +=0.01
non-I¥V 51+ 11 | 24+06 | 0.8 0.3 0.2 + 0.07
single top 09+01| 15+02 | 044+01 | 0.06 =001
extra Z + bb correction 0.2+£0.1 |0.08+£0.03]0.02=£0.01 0
Total (method I) 531 +49 206 +18 | 46 05 1.4 +0.2
Total (method I1) 338 50164 +24 | 334+05 1.0 £ 0.2
Corrected Total (method I) |53.1 +£4.9|20.6 + 1.8 52 + 05
Corrected Total (method II) |33.8 +£5.0|16.4 + 24 38+05
Observed positive tags 31 26 7 8

K. Kordas “tt — £ + Jets x-sec”, CDF/Canada 14-Apr-03, p.16




Observed events: N distribution

e 15 events with > 3 jets tagged (2 w/ double tags).
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Observed events: the tagged jets
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pp — ttX Cross section
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Summary and Outlook

e T he top is here and tagging is working.

e Need improvements to get to ~ 60% goal (e.g., 3-D
tracking)

e Will employ more taggers to look for b-jets. Jet-
Probability starting be used. Soft-Leptons later.

e Understad the N, distribution and the events it's
made up from.

e After all, the signle top is at W + 2Jets, as well is
Higgs.
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