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@ Currently the world’s only top quark
“factory”

@ Run(1992-1996)
Vs =1.8 TeV
Integrated Luminosity ~110 pb-"
top discovery!

@ Run Il (2001-present)
Vs =1.96 TeV
30% higher it cross section
Integrated Luminosity to date 1.7 fb-"
Aim for 4-8 fb-1 by 2009
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Luminosities: e . . .
Peak Luminosity

I
@ Record so far (per exp.): A

2 4x1 032 Cm-ZS-'I 1.60E+32
33pb-' per week

1. 20E+32

Q On tape ~1 7 fb-1 5.00E+31

@ New results with ~320 pb to 4006531
~750 pb'1 (*7 of Run | ) 0.00E+00 M‘ ;
@ Preliminary results with 1 fb™! 2001
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* New silicon and fibre tracker
- New ~2 T solenoid

» Upgraded muon system

- Upgraded (track) trigger/DAQ
- Roman pots

- New silicon tracker,
new drift chamber, TOF

- Upgraded calorimeter and
muon system

- Upgraded DAQ/trigger

- Displaced track trigger

Resolutions:
EM: oElE =13.5—-15% / sqrt(E)
HAD: oElE =50 — 80 % / sqrt(E)
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Challenges with rapidly improving instantaneous luminosity

— Over 100 trigger paths per each experiment - richness of physics

— Trigger rates increase with inst. luminosity.
— Not all of them can be estimated reliably by Monte Carlo.
— Re-optimize triggers with real data
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TEV LHC
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At the Tevatron, within SM:

oy = 6.7 31 pb @ m,,, = 175 GeV

Cacciari et al. JHEP 0404:068(2004)
Kidonakis,Vogt PRD 68 114014(2003’
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One top pair every 10"%inelastic collisions

So far (0.93 fb):
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O e-e (1/81)

O mu-mu (1/81)
B tau-tau (1/81)

Oe-mu (2/81) @ t>Wb

Oe-tau (2/81) Events classified by W decay

@ “Lepton [e,u] + jets” (30%)
tt - blvbqq’

B mu-tau (2/81)
Hetjets (12/81)

B mutjets(12/81) @ “Dilepton [e,u]” (5%)

Dileptons tt » blvblv

M tau+jets(12/81)

Ojets  (36/81) @ “All jets” (44%)
tt > bqq'bqq’

@ “Tau + X" (21%)



Finding the top:

Signal:
@ Triggering on lepton
@ High missing transverse energy ()éT)
@ High E; jets, central and spherical
@ Two b-jets (displaced vertex)
Background:
@ WH+jets:
dominant in leptonic modes
fakes the second lepton
@ Drell-Yan(dileptons): no F;
@ QCD: huge in all jet mode

Determination of the cross section

. Nobs - Nbgd
Oy =
8”- * ILdt




obs | expected obs | expected
ee |12 | 143122 ee |5 45+0.5
up | 24 |1 16.1+£24 pp | 2 3.8+£0.5
ep |28 [25.0+1.5 ep | 21 15.8+ 2.8

| MET of dilepton candidates \
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@ B-jets are tagged by finding displaced vertex
within a jet

@ B-quark lifetime ct ~ 450 um

@ Strong background reduction

Secondary vix
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CDF and DY Run Il Preliminary

4
m,, = 175 Gavic

] MaCacciari et al.
H.Kldonakls, R.Vogt

1

~ 4 I

o

| HOH
—H

{_

= B

Hi

gl

L Hiph Erner gy Phys. 04068 (2014}
G Py T AR 1)

CODF dilepton

CDF dilept.(MET, Nr. jeis)

CDF I+] kine. NN

CDF I+] Kine. NN (updata)

CDF l4j b-tag

CDF l4j b-tag {updata)

CODF I+] loose b-tag

CDF 4] b-tag+king.

COF I+ b-tag+MET

CDF |+ soft mu

CDF |+] Jet prob.

CDF alljetz

CDF combined {publ.)

CDF comblnad {pralim.)

D dilepton (topso.)

D dilepton (topo, updata)
D 1+ kine.

D 1+4] b-tag

D 1+ b-fag (update)

Dz l+j0,1,2tag

D dilgpton b-tag

7

I?FE;‘I—!I

1
e

I D2 alljets

| — o

o THrH

D alljets (update)
lDIE- dilep.+ I+] Kine.

10

15

6y (Pb)

197 pb™
184 pb™
194 pb™
347 pb™’
162 pb”
318 pb™
318 pb™
162 pb™
311 pb”
194 pb™
162pb™”
165pb”
200 pb™*
347 pb™
230 pb”’
370 pb™
230 pb™
230 pb™
365 pb™
230 pb™”’
158 pb™
162 pb”
350 pb™*
230 pb™’

20

7.0 B34
86 *33 *I:
6.6 +11 41

43

; M
o w
LS 5
in inle
ik

o

(%]

s
Sl bk iz
LR AL A A

o

=]

i &

EY Y-

L 65 &5 bk

[=1]
-q
|+
e
Ll
Lok
B i b S e Eolo L) bk Bl Bl Lk ks

0!
[+
1 F
—ht
=
+

]
&b A
[- 5]

38
4
7.7 433 41
5.2 38 3
7.1 43 44

- 12
_ﬂ [
5 L
S 10-
r L
E
= i

6

ol

2l

T ‘L_l

. CDF Il Preliminary 760 pb”

......

------

-,

......

Cacciari et al. JHEP 0404:068 (2004)
Cacciari et al. £ uncertainty

Kidonakis,Vogt PIM PRD 68 114014 (2003)
Kidonakis,Vogt 1PI

[#]+]

= 14

=
s 12
10

o N =& O

oo by by by by by b b b by
1060 162 164 166 168 170 172 174 176 178 180

Top Quark Mass (GeV/c

e = =

m, =

175 GeVic®
Run | CDF
Run 1 D&

Run | eembined

N.Kidonakis, R.Vogt
.

| M.Cacciari et al.
| |

(:) Run Il CDF (prel., 347 pb ™)

|_’|] RunliDZ (prel, 230 pb”)

\\\\\\\

Phy Fav.0o8, 114014, (2003
Euhﬁn;:‘tJ.EB‘J,ﬂEE"{ nu-t}J

J.High Enargy Phy=. 04,08 {2004)

A
1750 1

800 1850

L g
2000
Vs (GeV)

. | .
1900 1950



Topcolor-Assisted Technicolor
Hill, Phys Lett. B345, 483 (1995); Search for Leptophobic Z':
Hill and Parke Phys. Rev. D49, 4454 (1994): Assume resonance mass My in the

@ Introducing a new strong interaction range [350-1000] GeV

@ Predicts new massive bosons “topgluons”

and a topcolor Z’ Assume resonance width 'y=0.012-My
r
w. gt
=

10 -
— X->it with My = 400 GeV

—— X->tt with My = 750 GeV

Qi
(= Pl
0 >
|
arbitrary units

Qf

Consequences:
@ cross-section higher than SM expectation
@ resonances in the tt mass distribution 9

o
IIIIIIIIIIIIIIIIIIIIII
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tt invariant mass [GeV]




CDF:

lepton+jets selection, no b-tagging

requirements

CDF Run 2 preliminary, L=682pb‘1
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lepton+jets selection, at least one b-
tagged jet (secondary vertex tag)
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Top pair production well described by QCD

@ NLO QCD: expect an assymmetry:
Interference of Gluonradiation in the initial and final state
Interference of box diagrams with leading order graphs

@ Total asymmetry: 6-8%

2 (BRI mee(DeC )

k|

Uq(j—»tt_ - U&q—>ft J—

aqzj—»tf + Jq;:;—»ft

J. Kuhn et al.

Effect can be measured
only at the Tevatron!
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20+

Ay*Q, So far we don‘t see
a significant effect
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t- channel s- channel associated production
u (d) d (w) u t b t
W+
g +
b w w
g b g
Wg-Fusion \\'A Wi

Theoretical cross sections at /s = 1.98 TeV

1.98 +0.08 pb 0.88 £ 0.05 pb 0.1 £0.02pb 6

= T R LI LB
B.W. Harris et. al. Phys. Rev. D 66, 054024 (2002) 55 [ @ Standard Model ]
’ % Top-Flavor
. . . 5 (my =1 TeV) __
Observation of single top allows direct access to V,, : O ZIcFCNC
. 2 4.5 - (gp.=gy)
= cross section x BR o« V N - % AnFamily
s . : 3 o 68 3
= study top-polarization and EWK top interaction 2.t . i e
¢ (M;; =250 GeV]
3 F -
Test of non-SM phenomena w5 b N E
= 4th generation 2
= FCNC couplings liket — Z/y c 15 E
n heavy W, boson 1 i...._l v Lo by v e b e by e Ly 1..._:
0 0.5 1 1.5 2 25 3
= anomalous Wtb couplings s, (pb)

Y. Tait, PRD63, 014018(2001)

Potentially useful for Higgs searches
= single top has same final state as Higgs+W (associated) production
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CDF Run Il Preliminary, L=695 pb ™
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® Data
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B
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@ Main background:
W+Jet events
Bottom-Antibottom events
Top-Antitop events

Diboson production

@ After standard selection: signal
to background ratio

S/B =1/20

@ Observed number of events:
689
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Fit of W + 2Jet events with secondary vertex

50% of all background from

W.+charm or W+light parton with Entries 689
mistags

ﬂ I L L ]
Improvement: = s  CDF Il data i
Combination of 25 Jet or track =100} Fit Sum (with error band)
variables to a discriminant e.g. ) — W+beauty

. —_— W + charm
mass of particles from vertex, N Wt I
T b 3 ight

decay length, track multiplicity P

| o

. o @ . .
This allows for an in situ Q. 50 .
measurement of heavy flavor 0 . . « o . I
composition of background d=> « o . Rk
First NN b Tagger at a hadron I.I>.I ;W
collider ; _
E—
NN algorithm developed by M. Feindt = Er—T T
-1 -0.5 0 0.5 1

NN output
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/e+ Selektionsschnitte

@ m isoliertes, zentrales e od. u
® Pt > 20 GeV/c
@ mEr > 20GeV
m Veto: 7°, Zwei-Lepton-Ereignisse

m 2 Jets:
Er > 15 GeV und || < 2.8

m > 1 identifizierter b-Jet
m 140 GeV/c? < My, < 210 GeV/c?

Simulation: MadEvent

Run: 153389 - Event: 361345
«CEM Electron E;=50.9 GeV, n=0.24
*MET=25.7 GeV, Phi=5.6
«Jet1 E;=173.8 GeV, n=0.45

«Jet2 E;=149.8 GeV, n=-0.13

S. TOP CANDIDATE




CDF 11 695 pb—! Preliminary

Source t-channel s-channel

JES 1.8% 1.2%
ISR 1% 2%
FSR 5% 1%
PDF 2.5% 2.2%
MC 2% 1%

Event selection efficiency()

(*) Including W—leptons BR

CDF II 695.5 pb~! Preliminary

W + 2 jets
Pretag W 13934 £ 550
Non-W 11954+ 404
Mistags 164.3 + 29.6
Whb 170.7 + 49.2
Wee 64.5+ 17.3
We 69.4 + 15.3
t 40.3 £ 3.5
WWw 3.8+04
W2z 6.1 + 0.6
A 0.2+ 0.0
Z— > pp 44405
L—>TT 26+0.3

Total Background 645.9 4+ 96.1

Sin

2.6

otal Prediction

674.1 + 96.

Observation

639




CDF Il Preliminary
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Fit of signal and background templates to CDF |l data

« -1
CDF ) Preliminary 695 pb Single Top Posterior Probability Density

-"g Normalized to Fit FhezssuloE 2 D
C A2 0 CDF Run Il preliminary
s 107 3 & 1
— : o
. -1

o - 2 j L dt = 695 pb
= 10 E =
o . 3 Ogingletop < 3-4 Pb at 95% C.L.
" —e— CDF Il data o
el 1 . o 0.5
5 B Single-Top
> ttbar
W 1ot W charm-like

[ bottom-like

1 1

-1 -0.5 0 0.5 1 6 8 10 12
NN Output Gs|r|g|e.top [ pb ]

of = 0.8 *13 4 5 (stat.) ¥4 5 (syst.) pb
Indication of a deficit ?

Gey = 2.9 £ 0.4 pb
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Calculation of 95% upper limits with Bayesian statistics

Separation of t- und s-channel
with 2D-Likelihood

CDF Il Preliminary 955 pb” CDF Il Preliminary 955 ph’1

N lized to Predicti =y 35—
% | Normalized to Prediction e CDF Il data o -E-, - @® CDF Il dataa
=1 I I single-top signal 5 3 95% C.L.
-— B tt background B - .
o = Bl c-like background 2.5 o
s I b-like background - B Standard Model
a | I non-W background 2 F
*E : 1.5F
o 10 C
(@ E

- ®
0.5
0 O:IIIIIIIIIIIIIIIIII IIIIIIIIIIlIIIII
0.8 1 0 05 1 15 2 25 3 35
NN output O.cn [PP]

G (Single-Top) < 2.6 pb
Ogy (Single-Top) =2.9+ 0.4 pb
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CDF Run Il Preliminary, L=955pb”

2

m - AR

c &

3 -

> | i

E o 5 il

41 Single tog Caoas Sactian |pbj

e

E 1.5
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0 5 10

Single top Cross Section [pb]

p-value = 1% = 2.6 sigma

Posterior Density
R
wn

s+t-channels, tbtgb

D@ Run Il Preliminary, 910 pb’

Bayes Ratio > 10

Hemilmd

-49:14 pb
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T2
Cross Section [pb]

p-value = 0.035% - 3.4 sigma

(V)2 = 1.7 £0.6

At present results are inconsistent and all unlikely!
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@ Assume no further improvement in analysis technique, methods, and
resolution:

it will take 2-3 fb-1 of data for each experiment
to establish single top production
@ To separate s- channel from t-channel: 3-4 fb-1 will be needed




Three possible helicities:

11 1i— ol
S o

wW b
Left handed Longltudlnal Right-handed
W Wo——F; WF;
By o= ™ Distribution of Angle 6* between
My charged lepton in W system and W-
Boson in Top-Quark system:
th . 3 SM:
———— ~ =(1-coso” )2 F.=0.30
d(cos6”) 8
Yd em mmt omm -’» th =0 3
— W=~ Z(1-cos’0" =
d(cos8") ~ 7! ) | Fp,=0.70
@ Motion of W in dN, _ 3
Top rest system d(coso’) ~ g(l+coso f F, =0.0004



----- Fy=0.7 (SM)
* 0.8 — lefi-handed - — F,=0.791 £ 0.213 (i)
D i === [ongitudinal d
& e I ;
= S :
= | E Lo :

05 0 05 1

cos 0
PRIl
? L F,>42.9 % @ 95% CL.
Raw data: 85 ff lepton + jets candidates E’ 3 '
in 319 pb-" s
1t
CDF Run Il Preliminary [
[72] 1 ® data P —_
E 30k L= 319 pb” ggé:-;*ma ‘02 o4 06 08 I
zd>: : i F,
“ |=}=—_' | | F, = 85+15-22 +- 6 (stat) %
10E F,>43% @ 95% C.L.
: F, = 5+11-5 +- 3 (stat) %
01 . . . / F.<26% @ 95% C.L.
cos 0.,
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Next steps: publish analysis with 1 fb-":
Expected precision ca. 15%

(At LHC 1%) Worth looking at: mass

dependence of F

CDF Run Il Preliminary

~ 3 F, =01 o 1
e T 1 — = 0. I — LO theory
% b L iosson? |- For O T {m s o
=} Int P 008 i
] 8 —— F. =003, (stat) K A Herwig
-1 0.8
0.6 W
0.4k

150 160 170 180 190
m.. [GeV]

Fo = 0.59 + 0.12
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Neutrino weighting (n — ) = 1-dim. fit
Phi-weighting (¢ — n) = 1-dim. fit
dilepton P,(tt) method = 1-dim. fit
ME weighting = 1-dim. fit
ME method = 1-dim. fit

O Template method in m,, after kinematic fit,
topological or b-tag, with internal or external
JES constraint = 1- or 2-dim. fit

Matrix Element/Dynamical Likelihood Method,
topological or b-tag, with internal or external
JES constraint, complex analysis = 1- or 2-dim. fit

Ideogram method (W-mass @ LEP), compare signal

AL and background mass spectrum, chi*2 weighting
(kine fit), with internal/external JES constraint = 1- or 2-dim. fit
O Decay Length Method, compare transv. Decay length
spectrum with expecation from c1(B) * f(m, )y(m,,,) = 1-dim. fit
alljets Kinematic fit, only from Run-| = 1-dim. fit

A. Quadt, Bonn



anti-down guark
et

% bottom guark
jet
1

22350; A Top mass:

3¢ 145G 2
) r eV/c
0300 [ 165 GeV/c?
§250_ I 185 GeV/c?
w0 3 B 205 GeVv/c?

150
100"

50"

250 300

M, (GeV/c?)

top

Constrain m(jj) = my, m(fv) = my,
and m(fvb) = m(jjb)

@ 24 possibilities for 0 b-tags

@ 12 possibilities for 1 b-tag

@ 4 possibilities for 2 b-tags
Select configuration with best 2 fit ->
obtain M

reco

2005 New: Jet Energy Calibration in
situ

Simultaneous fit to invariant mass of
W->jj

Global factor used to correct energies
of jet

Reduces systematic uncertainty




Fit four data samples (0-tag, 1-tag(Loose), t-tag(Tight), 2-tag with SecVix tagger)

inm

Events/(15 GeV/c)

Events/(15 GeV/c")

1op @Nd AJES, i.e. 2-dim fit :

CDF Run Il Preliminary (680 pb)

1-tag(T): 105 events

00 150 200 250 300 35

mi=® (GeV/c’)

16 30
14 2-tag: 38 events T 25

12 >
10 -DaTa 8 2
8 e 15

[Jsignal + Bkgd s

£

Bkgd onl
[ sigd ony g
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1-tag(L): 61 events e

1 2
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g

wn
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|

100 150 200 250 390 350 400
m{*° (GeV/c)

0-tag: 97 events

100 150 200 250 300 350 400

mi==° (GeV/c’)

Systematics

Source Magnitude (GeV/c?)
Residual JES 0.42
b-JES 0.60
Generator 0.19
ISR 0.72
FSR 0.76
b-tag ET dependence 0.31
Background composition 0.21
PDF 0.12
Monte Carlo statistics 0.04
Lepton p; scale factor 0.22
Multiple interactions 0.05
Total 1.36

M,, =170.9 £1.6(stat.) + 1.4(JES) + 1.4(syst.) GeV/c’




Systematic | Uncertainty
Source (GeV/c?) Jet Energy Scale from W—jj
Radiation 0.7 _ 4;— CDF Run Il Preliminary
Model 0.7 2% A Wl gy, st el
b-jet 0.6 ]
Method 0.6 8 2
PDF 0.3 RS
Total 1.3 .
S T R R R S

Integrated Luminosity (fb™)

@ Expect significant reduction in JES uncertainty with more data
@ Turning JES systematic into a statistical uncertainty



method by C. Hill et al. at PRD 71, 054029
@ Top quarks at Tevatron produced nearly at rest

Transverse Decay Length Tagged W+<2 jet Events

= - i : .
boost of the b-quark a function of m,,, vso [ CDF Run 2 Profiminary - 635 pb” ]
2 2 2 I
+ - Q - [ti(m =185
— m‘ ﬂl’ﬁ 'n“l' m n 4& _Q 20‘0 __ -si:glétop{:-chan]
Mm m E B - singEle top {t-chan)
@ 2150 | - e -
—_ i we
a Measure transverse decay length of B-hadrons S el -ce ]
from top decay =infer on top quark mass Y= [ 8- cor Dma
Transverse l.".lm;ay Longfh 8 50 :— K.S. Prob =32.1% ]
- ——m, =130 GeV d [
1 —"‘mpf;gg 323 05 0 0.5 1 15 2 25 3 35
M " Lyy [em]
10’
Transverse Decay Length - Tagged W + = 3 Jet Events
10" 100 R CDFI Iliun 2I I;-’relmlnlnary I 695 pb ]
Q I =
10° E_ 80 [ = sirEgIle l;: ?;-chan)
0 5 10 15 20 25 E 5 single top (t-chan)
L,, [mm] © 2 6 i =WbE b
. . . Wee
a Select | + 2 3 jets events with =2 1 SecVtx tag in @w e we
. | CD
695 pb' = 456 pos. SecVix tags in 375 events S wf I isiogs i
m : == CDF Data
15.7 - : . ; * 20 K.S. Prob = 3.8%
M, =183.9 1 5 (stat. | +5.6{syst. ;GeV /c _

Amy,,{ JESi=0.3GeV / c’ Y TR RN




World Average:

m=171.4 £ 1.2 + 1.4(JES) + 1.0(syst) GeV/c?

Tevatron Run Il Preliminary (July 2006)
. Systematics limited!
All-Jets: CDF T 174.0+52
(1020p5°) . Precision Measurement: Am~1.2%
Dilepton: CDF e 1645 + 56
(1030 pb”) . In the 4-8fb" future, we expect ...
D||{e3p7tgnbtjo *—478.1+83 ... ~1.5 GeV total error
P . .
... dilepton to become systematics
Le t0n+Jets CDF Lx .
plon o y 183.0:15.8 limited
Lepton+Jets: CDF —— 170.9+ 2.5 aII-ha.dronlc.me.ailsurements to
(940 pb”) e contribute significantly
'_._' Lepton+jets chonnel (CDF+ D0 combined)
Lept0n+Jets DO = Sr
o0 pt) 170.3+£ 4.5 3.
Tevatron N 171.4+ 2.1 .. e o
(Run I/Run II) xzfdo-f= ‘EGHEJ £ . = Total uncertainty
| | | | | |
150 160 170 180 21 90 200 =
Top Quark Mass (GeV/c") :

N B 6 .7 _ 8
Integrated Luminosity (fb™ )



LEP 2 95% CL excluded

- . 80.5 M LEP 1 and SLD
Radiative corrections relate top -
quark mass, W boson mass LEP 2 and Tevatron (prel.
68% CL

Within SM, they allow to place a
constraint to the mass of the Higgs

80.4
t H
W ( ) woow S w
b W 80.3




Did we find the Standard Model Top ?
W.-F. Chang et al.,Phys. Rev. D 59, 091503 (1999), (hep-ph/9810531):
exotic doublet of quarks (Q1, Q4)g with charges (-1/3,-4/3) and M ~ 175 GeV

q = -4/3 is consistent with EW data (E. Ma et al. , hep—ph/9909537)

Standard Model: -1/3e Alternative Model: __ _1/3e

+2/3e @ 2 -4/3e

% - @
Oe Oe
+le m @ -le m @
e é e b DY Run Il Preliminary

§0_06 | — Uncorrected
Search by DO: S
- 50.047

Lepton+jets, double b-tag events <
Determine: 1

> charge of W (lepton) 0.02 -

> pairing between W and b (y? fit)

> flavor of b-jet 0.

4 05 0 05 1

Q, [e]
Calibration with a b-jet sample




- 17 candidate events with two tagged b-jets,
lepton, missing E, >4 jets.
- two entries per event for top and anti-top.

- discriminate b and bbar with jet charge algorithm, <
_3:4:Pri -
Vja =5 06 ., pT>05GeV & AR<0.5.
 Dri —

- calibrate Monte Carlo with data using two jet
heavy flavor sample with opposite jet

4
tagged with p charge. b\—/ RO

D@ Run Il Preliminary mt*
g ]
2151 — Qtop)=2e/3 365 pb*! — u
5 ] —Qftop)=4e/3 17 events
2 4 = Data 34 Top quarks -
E - —
310 Qtop,l - I ql + q,b(l) I

Qtop2 =1 - a1 + Ay | —

Excluded Q=4/3 with 94%CL

0 0.5 1 1.5 2
Reconstructed Top Charge [e]




©

Within the SM: 7,,, ~5 10% s (ct = 3 10-1% um)

@ Use dy-lepton impact parameter with respect to
beamline

@ Determine detector resolution
from z°/yv -> ete /utu”

Data:
lepton + = 3 jets with 21 b-tag in 318 pb-1
=97 e+jets candidates
=060 u+jets candidates
measure impact parameter d, for lepton tracks

use max. likelihood fit with templates of variing
lifetime (incl. track resolution)

Electron BG Template

.‘510-1 | CDF Run 2 Preliminary - Tau
> B Conv.
g B QCD
£107 L = Prompt

107 L

400 =200 0 200 400
Track d, (um)

top X
P Mtop

top X 4.7-107%°s

Impact parameter of lepton

Events/5 pm

| CDF Run 2 Preliminary,

- 318 pb™’

3 —+— data: RMS=33.4 = 1.9 um
F [ ] bestfit (RMS=41.3 um)
00 -100 0 100 200

¢t <52.5 pm, 1,,< 1.75x103s
with 95% CL




The LHC will be the Top
factory !

in 10 fb:
8 - 10 top-pairs (1 Hz)

2 - 108 single top events

Precision measurements:
Mass, Couplings,
Spin correlations

Means of calibration:
Lepton ID, b- Jet Identification,
Jet-Energy scale

Main Background for many searches

o (nb)

ngl(E

Siot

> s/20)

1

Go(E/" > 100 GeV)

GHiggg(

GHiggs(

Gt
6 (E > s/4)

M, = 150 GeV)

M, = 500 GeV)

Tevatron

0.1




Tevatron:
* First observation
«  Precision of |Vy,| O(10%)

1.96 TeV 14 TeV
(i'_:ﬁ;enﬂ:;} 0.88+0.12 pb 101 pb
{f:ﬁ;eﬂ:?;} 1.98+0.22 pb 245+17 pb
{iL”f;i;zzl} 0.1540.04 pb 60410 pb
Wii (*) ~1200 pb ~7500 pb
bb+other jets {(*) ~2.4%105 pb ~B5x10° pb

(*) with kinematic cuts In ordar to better mimic signal
Eshvaev. Boos. and Dudko [hep-ph/828063 321

oo, 2000 ——————
= Top Mass
& 1800 . -
M5 [ (L= 30 fb ) All Maonte Carlo
1800 ‘ ]
LHC. 2 B = signal+bkgd
“2 1400__ Single—top production
* Cross Section x 100 — t—channel
- [ ] s—channel
« W+Jets background smaller 1090 Backgrounds .
sool * WiietstwaQ
» Larger acceptance for leptons, jets g ¥ Fep-pire
in detectors eor E
: - 400} =
« Already with 1 fb-! precision of [V, ool i
O(2%); limited by systematics i . :
. O - et 18 1-_...:._r.. 2 30 4 50
* Discovery Channel for H* _ Top mass in GeV/c?
Single Top study by ATLAS



a (pb)

my, (GeV/c?)

¢ = 0.664 pb (NLO, m_ =120 GeV)
40x10° with 60fb™" integrated luminosity

BR(t->Wb)~100%

Very challenging topology:
® 4 b jets from top and Higgs decays

® Depending on W decays:
= Semi-leptonic channels (~28%):
2 light jets +Isolated lepton (e/w) + Missing Energy
= Di-lepton channel (~6% including t—e/pvv):
2 isolated leptons (e/p) + Missing Energy
= Fully-Hadronic channel (~49%):
4 light jets + 4 b jets (very difficult!!)

® additional jets from gluon radiations




{CERN E hy

m ttbb irreducible background => almost same topology as the signal
m ttjj turned out to be the most dangerous background:
= cross-section O(10%) higher than signal cross-section and c-mistagging rate.



CMS Note 2001/054
Fast Simulation and very optimistic b-tag
S/sqrt(B)~3 @ 30 fb-1 and

mH = 115 GeV in the mass window

iunEo CMS &0/
. - M = 128 el
Ewu: SIVE =40
g .k
g oo

ﬂn vl 100 150 i H 2506 a0
mass [GeVi |

Next steps: Background simulation
Jet-, Lepton-, ME

nH, H = bb

my: 115 GeVic?

[
LA
T

- CMS OE

]
0
LI

i
W
| L

Events for 30 b / 10 GeV/ic’
=
LI I

Wh
T T [ T 17

i i 1 i 1 M 1 5 | i i
0 50 100 150 200 250 300
my, ().J) [GeV/c]

CMS Internal Note 2004/048
Fully Simulation and optimistic Btag in ttjj events
S/sqrt(B)~3 @ 60fb-1

® and mH=120 GeV in the mass window

s (Comphep/Pythia ->ALPGEN)
T- Reconstruction

‘ Only method to determine Y, !
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CONCLUSIONS

So far, CDF, DO
have “seen” O(200)
fully reconstructed
tt pairs

@ Strong production measured to O(10%) — now looking for higher
order QCD effects

@ Electroweak production not yet established: need more data!
@ Decay SM; V-A O(20%)
@ Properties SM — will reach limit in mass accuracy at < 1%

@ The Top Quark opens the door to Physics at new scales;
however: no evidence for non-standard effects so far

@ LHC will be giant step forward; ultimate precision at ILC
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Higos Impact 6

B Theory uncertainty

* =y
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= Onpapa Tevatron Run Il Preliminary
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