Miroslay Kopal
University of Oklanoma

on benalf of the DZ and CDF
collaborations

FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

MNEUTRINO




Top Quark Physics

Top quark - the heaviest known particle |, i
> decays before it hadronizes 2.5

'
% H neutrino
Cross section measurement |
>tt production
>search for single top and W' production — o—
° 2
Top properties and physics beyond SM A
w9
neutrino y a a; g
e electron Jet 2 (b)

5 tt production: strong interaction
Dominant mode: o =6.8+1.2 pb

antiproton
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Top Quark Pair Production
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clean signature but small BR~4%

Events

Top Quark Pair Production

Di-Lepton 750 pb™

> ee, el and pp final states only
> 22 energetic jets, H >200 GeV

> bins 0 and 1 — control sample for BKGD
determination

-

6=(8.3+1.5_+1.0 0.5 )pb

stat™ syst™ - lumi
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160 | 3 Bkgd + 1o uncertainty
[ [Jti(c=83pb) ]
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0 et 1 jet >2jet HT>200+0S
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut

Di-Lepton 370 pb™ '
> topological cuts, no b-tagging
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Top Quark Pair Production

Lepton+jets 365 pb

ing) of 1 or 2 jets

> topological selection with b-tagged (Secondary Vertex Tagg- | 0=8.2 "y _,,, Pb

5
- 10
n Il Preliminary

"g E_ D@ Runll preliminary
%300? d>.) i Integrated Luminosity = 349 pb ™ NN 50.9:
g, r ® Dae O 1| predicted background (data) all
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o I O —-o— 6-jet data (Vertex Tagged)
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0 1 2 3 4 5 a
Jet multiplici
_ +2.6 +1.5
: 1 0=3.2 55 _;,Pb
All jets JL-dt = 349 pb

> large BR (~44%) but with large QCD multi-jet BKGD
> topological variables combined in NN, b-tagging (SVT)
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Top Quark Pair Production w

Lepton+track/electron-muon (combined) 370 pb™
> two leptons, second one identified only as isolated track

> topological, b-tagging

> ep events are explicitly vetoed in lepton+track — ep purely topological
> straightforward combination of lepton+track cross section

25__ e DG Data D@ Runll Preliminary, 370 pb™ 0=8.6 —_i-iz tii pb
Wit : :
"BZ — ee, upu

20| . o= 4426 +1.3
Bz > lepton+track: 0=7.1-5, “,3pb
-Cww

15-[]Multijet/W-+jets
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[ cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)
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Top Quark Pair Production

dilepton (topological)
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Cacciari et al. JHEP 0404:068(2004), m, = 175 GeV/c®
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Single Top Quark search

Single top: electroweak interaction
s-channel mode: o, =0.88+0.14 pb w? v

proton
t-channel mode: 6 =1.98+0.30 pb

NLO
— direct measurement of CKM's |V_|

— test unitarity of CKM, test SM's V-A q'
structure antiproton b
— top polarization+mass
— new physics - s-channel is sensitive to
heavy resonances (W’), SUSY, etc., oroton
t-channel is sensitive to FCNCs q

W+

Topology: w v
— energetic isolated lepton {

— missing energy g b
— one b-quark (from top)

— light flavor jet + another b-jet antiproton
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Single Top Quark search w

AnalySiS flow: D@ Run Il Preliminary, 370 pb™

> separate s- and t-channel in electron and
muon, and 1 or 2 b-tags

—— t-channel (x10)
s-channel (x10)

Event Yield
2

""""il""""
|+

> apply discrimination method (likelihood, cuts based) o — {fvﬂ-et& WW. WZ
> 2dim histograms of Wbb and tt NN outputs, B Multijet
construct binned likelihood and evaluate signal —e— Data

hypothesis 40

wf e, +
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Single Top Quark search

D@ Run Il Preliminary, 370 pb™

=
tn

e = =
] [~ L

Posterior probability density (pb™
[=]

n i |$ v

- o * ——  s-channel ~ [
- > : o 6F
. s t-channel @ [\
B Q

— : 5
o S
C c5?,5obst=.-r\.'ed <4.4 pb IE 4-

B D
r » v

B Ggfobserved <3.0 pb 2 [
— 1
o T b 2 I N T B S SR S S B
0 2 4 6 8 10

Cross section (pb)

CDF Il preliminary

integrated luminosity [ 1/fb ]

30 evidence expected with 1.5 fb-1 (27.3 signal events).
At 1 fb-1 - expected 2.40 excess. (No systematic uncer-

tainties taken into account.)

Limits @ 95% CL

€5 162 pb”

DES 370 pb”

combined Gt-channel Gs-channel

<17.8pb <10.1pb <13.6 pb

<4.4pb <5.0pb
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The 1* presentation of this new result! |
Heavy boson (W') search w

M > W'—tb with SM-like coupling to fermions
wt v > single top s-channel with new heavy boson, m >m +m_
profon ~ (below 200 GeV = SM W)
RJ @ t b » t-channel - BKGD, Gy <O, e ton
/ > interference between s-channel and W' is included
q (smaller for larger m_ )
antiproton b

> only lepton final states - better BKGD rejection

Analysis flow (single top search) *% 70 DO Run Il-Preliminary 230pb'
] B =@~ Data
separate electron and muon BaL- m—— g ﬁggﬁ“ﬁ E gi
E - - Se
and 1 or 2 b-tags sal —m W (800GeV) (<10)
# - Bl t-channel
\ &= - !
apply discrimination method: s-channel 40— ﬁ'ﬂets |
construct /3 distributions - =3 Multijet .
30— |
binned likelihood (mw,=600,700,800 GeV) ED;— |
evaluate signal hypothesis 1u:—
Bayesian 95% CL limit (m_=600,700,800 GeV) 0= o O
400 GeV < /3 < 1000 GeV \E [Gev]
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The 1* presentation of this new result!
Heavy boson (W') search

12

w

E S L e . .
2 2???“2“ P"‘j_f'*,"’/‘j"f"’/f?’?’%" ——— Current limits:
6§ 3 | m . > 786 GeV
"3' B ’ f____ ¥ W', SM-like coupl W —any
P . .
§ - / 400 GeV < f ; <, 1’000 Ge’V Runl D@:
S %Y. - e - > 800 GeV
G 207 W '—(only)qq’
1.5 : e
- . Systematic uncertainties included:
£ Mowsig sign bkgd
L T ’ b-tag modeling 4-16%  5-20%
05— Jet energy calib. 1-2% 15-30%
i Other (trigger, ID) 1-5% 1-5%
L | 1 | 1 | 1 1 | 1 1 |
0 600 650 700 750 800
W' mass [GeV]
s s . The 1* time in top decay!
o 600 GeV 700 GeV 800 GeV m >650 GeV
Expected limit <1.8pb <1.6pb <2.1pb Lo .
Measured limit <1.7pb <1.4pb <2.1pb (SM-like coupling to fermions)
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Conclusions
— . 7
tt prOdUCthn | CDFRun1 \ CDFRun2PreIimi1nary:
Combined 110 pb’ Combined 760 pb’

updated results - large analyzed samples
» CDF with ~760 pb" for di-lepton,
lepton+jets (kinem.+NN and b-tag)
> D@ with ~360 pb for di-lepton,

o(pp — t0) (pb)
?
|

=]
I
3
]
'
=
=
Kl
®
=
~ ‘Iow
'
'
.
'
'
v
'
'
'
'
.
H
ey

------------ NS e
lepton+jets, all jets and U I :::::il ---------------------------- ;
lepton+track/ep (new result!) R B

Single Top Quark search 2l ]
mOVing towards the observation E [ ] cacciari et al. JHEP 0404:068 (2004) m=175 GeVic? E
®“"1800 1850 1900 1950 _ 2000

> CDF: 0t<10.1 pb, GS<13.6 pb
> D@: 0t<4.4 pb, GS<5.O pb

\s (GeV)

Heavy bosons (W') search - new physics
>D@: m >650 GeV (SM-like coupling to fermions)

With -1 fb™' of data on tape, good performance of the post-
shutdown detectors and the Tevatron, an exciting future is ahead!
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Too Quark Mass from D7
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Top Quark Mass w

> Primary top quark production via strong interactions (top in pairs)

proton tt decay modes
g § ' £ p t
e < <
= - / - - ES ﬂ
g f f : « f s
antiproton " S 5 all hadronic
. a
> Fundamental SM parameter, affecting pre- w= -, | =
dictions of SM via radiative corrections
ém, ocm %,In(m,) N
>m _ can be related to m, via m,, 3 iiispmm:“ lepton + jets

<= A

thW wHAw NEW
b

>m is ~¥2 the vacuum expectation value of the

Higgs field - probing EWSB mechanism (new
physics?)

— T
{1 —LEP1 and SLD

80.5- =-~LEP2 and Tevatron (prel.)
68% CL

Eso_4l > Precision measurement = 2 fb"' projection:
£ dm.~1.5 GeV (dm,,/m,=30%)

] M. Kopal - RENCONTRES DE MORIOND
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-log(L)

Top Quark Mass - di-leptons

16

w

General: di-lepton channel is under-constrained. Template methods assume va-
lues for certain variables in order to extract a solution, and assign weights to
the different solutions. The Matrix Weighting method scans over top masses and
assigns a weight to the solution, based on the predictions for the lepton p;’s

79

78

77 |
75 |
74 |

73 [

TE

76 |

72 |

mtop Z Z f PDF

solutions jets

56

I T@ Run Il preliminary

-luntagged

-log(L)

fPDF( ) (Eﬂmtop)p(EﬂmtOp)

54 F

I
1 -
H’

48

46

T@ Run Il preliminary

tagged

120

140 160

370 pb’
/| Systematic uncertainties:

' untagged tagged
| JES 3.5 3.5
: PDF 0.9 0.9
{. Gluon radiation 0.8 0.8
: background 0.7 0.2
| { calibration 0.6 0.6
/ template stat. 0.3 0.3

| HH Total 3.8GeV 3.8 GeV
i1&‘30' 200

Topological analysis: 21 candidates with S:B = 4:1
b-tagged (> 1 b-tag): 14 candidates with S:B = 48:1

untagged: L

tagged: m,

=165.0+13.5(stat)+3.8(syst) GeV
0p=1 76.6+11.2(stat)+3.8(syst) GeV
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The Neutrino Weighting method scans over top masses and the rapidity of the
two neutrions and assigns a weight (as a function of m ) to the solution, based

on the agreement of the calculated neutrino p; and the observed missing E;

Top Quark Mass - di-leptons

(having 18 quantities total and 12 measured, 6 are still unknown: having two constraints from m  and

one constraint from ms=m,__, left unknowns are m, n, and n,,» we calculate weights for fixed values of
unknowns)

N, alc obs\2 calc obs\2
iter — Ec 3 _E . E : _E
w:—Zexp ( - ) exp (£ — )
Niter i=1 20 20
K. £,

Maximum likelihood fit to sign and bkgd templates (no b-tagging analysis)

M. Kopal - RENCONTRES DE MORIOND
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Top Quark Mass - di-leptons w

DO Runll Preliminary

120 140 160 180 200 220
Input Top Mass (GeV)

mtop=175.611O.7(stat)¢6.0(syst) GeV

370 pb-

| 21 candidates with S:B = 4:1

Systematic uncertainties:
JES 5.3

Jet resolution 0.
Muon resolution 0.
PDF 0.
Gluon radiation 2.
background 1.
template stat. 0.
Total 6.

O VWONDNMNOU
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Top Quark Mass

DY Run Il Preliminary

I+jets (ideogram) 1775 *38 *71 GeV
L=160 ph HH—&—

I+jets (template, topological) 169.9 38 *78 Gev
L=230 pb

I+jets (template, b-tagged) 170.6 "33 *e) GeV
=230 pb'! H—&—1

I+jets (matrix element) 160.5 34 17 Gev
=320 pi" e

Il (matrix weighting, b-tagged) NEW  177.0%}17 73] GeV
[ =370 ph! K &

Il {(neutrino weighting) NEW 176.0*11:2 *60 Gev

World average 172.7 *17 *24 GeV

HeH
] | 1 1 1 | ] | 1 | ] ] 1 I ]
140 160 180 200
Top Quark Mass (GeV)
PS 2005 Run I+ Run Il world average: mtop=(172.712.9)GeV
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Tevatron collider, CDF and D@ detectors

Canada ERUSSIS

MeEill Univ, JINR, Dubna
Univ. of Toronto ITEF, Moscow

E Germany

Univ. Karsiuhe

n Switzerland
Uniw.

of Genewa

I] [taly

Univ. of Bologna INFH
Frasca i, INFH
Univ. di Fadowa,INFH

FERMILAB'S ACCELERATOR CHAIN

Korea . s

TEVATRON
Runlla(b): '01-'06 ('06-...)
bunch/turn 36x36 //, TARGET HALL
Is [TeV] 1.96 5 ANTIPROTON

Jdt [pb-1/week] 17 (50)
1E32 (3E32) — BOOSTER

= inst . . / ,"'E;"'- - ~ LINAC
interactions/crossing 2.3 (8)

Increase of p production:
p recycler (Fall '04)
e-cooling (Summer '05)

Antipraten  Proton
Direction Directlon
—

NEUTRINO




Runlla D@ detector

Muon Central , Muen
Tracking Muon - Tracking Calorimeter _Trigger
Detectors Toroid | System ﬁetectars
‘l. - L 7 NN L 5| d Ap - A
% PN e

Central Fiber Tracker

Central Calorimeter

Forward
Preshawer
Detector
Luminsity
Monitor

Solencidal Magnet

till | - L} Jill

- AR A
/I? ..\ﬁ ’)?’
AN e M. Kopal - RENCONTRES DE MORIOND
~ P EW Interactions and Unified Theories

La Thuile (Italy), March 11-18 2006



Top Quark Pair Production

Di-lepton channel Lepton+jets channel [Souzce [ANN (%) ]
Source Systematic Error (%) kinematics+NN Jet Energy Scale 8.3
MC Generator 2.4 :::* +Jjets Background 10.2
o PDF's 0.8 tE generator 2.6
= TES ; H 3'1 tt PDI 44
.E v, {.-:-DI‘TEC- 10IS ) . tf :[S RKJ:"SR 2 .2
4%‘ Multiple Inte:‘fa.ctu?ns 17 Lepton ID 5 4
O Lepton Identification 4.0 Luminosity 58
> Total 7.4 Total 15:%
0
O
= Variable Definition
)
T calar sum of transverse energies of jets, lepton an T
© H Scal f ies of jets, | dF
GE) Aplanarity 3/20Q4
4&; 3p./ZEy Ratio of total jet longitudinal momenta to total jet transverse energy.
> min(M;;) Minimum di-jet invariant mass
: it Maximum 7 of jet.
[e) . 2523 By Sum E7p of third, fourth and fifth jets.
8 LeDt0n+]etS channel min{AR;;) Minimum di-jet separation in 5 and ¢.
I Sum Eyp of all jets.
o - i=1 L4 9 ]
’5 b tag HEy Missing transverse energy.
(@) Sphericity 3/2(Q1+ Q2)
0 Source Systema,tic [%) Meovoni Invariant mass of jets, lepton and Ky,
% b tagging 65 Eleﬂ-fjj Sum of di-jet invariant masses.
- . E} Ey of jet with highest Ey.
= LLllTlil'lOSity 6.0 b‘j.z + _-!':,‘j.3 Sum of K¢ of jets with second and third highest Ey.
My Reconstructed hadronic 77 mass
PDF H8 Er? Sum of #? of jets with highest Ey.
Jet Energy Scale 3.0 AD, Azimuthal angle between lepton and #£7.
ISR/FSR 26 E} E'y of jet with second highest Ey.
L Id ,ﬁ R 9 D ) bjB ] Ery of jet with third highest Ey.
epton ldentification = bjl + b'j.z Sum of £y of jets with first and second highest Ey.
Total 11.5

M. Kopal - RENCONTRES DE MORIOND
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Main sources of systematics uncertainties

Top Quark Pair Production

All jets channel Lepton+track/ep channel
Source Effect on cross section [pb] Source e I+track || I+tracktep
Primary Vertex —0.5|4+05 || -0.6 | +0.7 || —0.6 | +0.6
Jet energy calibration +1.12 —0.73 Flectron identification —30|4401|| —28 | +42 || —2.9 | +3.7
: F g Y Electron trigger —4.9 | 455 || —=1.3 | +1.7 || —=0.7T | +3.6
e Ielertt scaton Hhe 042 Muon identification 59| 163 || 32| 134 | —44 | 145
'l"rigger =0.27 —0.05 Muon trigger —5.7|4+84 || —-1.8| +22 || —53.6 | +5.0
S e Irack identification 0 0 —38 | +42 || —-1.9 | +2.0
]?ECkEmund prediction +0.52 —0.50 Jet energy scale 55| 452 ||—13.7| 4890 || -85 | 16.6
# tagging probability <+0.34 —0.29 Jet identification —35 [ +4.7 (| 25| +0.1 ][ -3.2 ] +2.2
total +1.48 —1.02 Jet trigger 0 0 || —06|3407] —02]+03
e fit and opposite sign req. || —3.7 | +4.2 0 0 1.7 +1.9
tt tagging probability 0 0 —3.9 | +4.1 || —2.1 | +2.2
D]_lepton Channel Multijet/T1V +jets background 0 0 —1.3| +0.8 | —-0.6 | +0.3
W background —24 424 || 06| 406 | —16|+16
Z background —0.7 | +0.7 || —9.9 |+13.0|| —4.0 | +5.2
Sl LSRR 6 Other —90 [$2.2 || =20 | 2.3 || —2.0 [ 2.2
Tloococoocaold -
I Lepton+iets channel [Total [—124]+16.1]|-18.9] +18.5][—12.8|+13.3]
i (1210 10 =H - 0
Rloocococoold Source Offset Fa o
N ol e s i e o B Muon preselections +0.02 +0.18 -0.15
d g Electron preselections -0.02 +0.18 -0.15
o eRRE Muon triggers +0.07 +0.34 -0.28
= o o
o oE o Jet energy scale -0.07 +0.24 -0.21
2.8 9 _ﬁ Jet reco and jet ID -0.09 +0.23 -0.18
3 E H o SML b-tag f in MC +0.03 +0.15 -0.14
= % o Semileptonic b-tagging efficiency in data +0.18 +0.40 -0.35
S Hd o Heavy quark mass on W fractionsz -0.00 +0.18 -0.19
2 g ,_g -El E ?ﬂ o W fractionz matching + higher arder effectz |-+0.01 +0.44 -0.44
5 ﬂ PR i Event statistics for matrix method -0.02 +0.15 -0.15
] o — H 2|2
@alhsm 2 a0
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Single Top Quark search

Likelihood Discriminants Input Variables
th/W+jets th/tt tgb/ W +jets tgb/tt

L prGetl) v v v v %
2. pr(iet2) v v v v =
3. pr(jetd) v v E
4. METLep v v v v =
5. M.qllchs \/ \/ \/ '\/ .|:'I
6. Mr(W) v v v v
7. M(W, tagjetl) Vi Vv
8. ARpn(alljets) Vv v B
9. cos(jet2, lepton),,, Vi Vv
10. Sphericity Vv v
11. Centrality v W .
12, @ x 7 v v g |
Signals and backgrounds yields with uncertainties 5 e E
Electron channel Muon channel ﬁ : ; :
Single tag  Double tag  Single tag Double tag W

Signals vields

th 33405 16404 30405  1.6+04

tab 69+13 10402 62+13  0.9+02 =
Backgrounds yields .g

tf — lepton + jets 404489 203454 376+84  206+57 = 2

tf — dilepton 11.3425 55415 102423 52+ 1.5 2 _g HIE=

W bb 242416 81416 147+10 54412 ==l

W jj 111.6+£11.0 49411 747+78  3.4+08 S = 5

WWw 2.340.5 < 0.1 2440.6 < 0.1 o

Wz 20405  0.7+£02 18404  0.7+07 <

Multijet 218437 14403 179445  2.74+04 =l
Total backgrounds 213.64+20.7 40.9+85 1593+176 38.0+84 M. Kopal - RENCONTRES DE MORIOND
Data yield with stat, uncertainties 220 £ 151 43466 138+ 117 33457 EW Interactions and Unified Theories

La Thuile (Italy), March 11-18 2006




Single Top Quark search

Extracting signal

> binned likelihood technique (depending
only on signal cross sections)

> Qen - separate t-channel (Q=lepton charge,
n=pseudo-rapidity of non b-tagged jet)

CDF Run Il preliminary

0.24-

g 0.22F —t-channel
0.2 s-channel

0.18 1
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02
0

Single Top s-Channel Posterior Probability Density

CDF Run Il preliminary

ILdt= 162 pb™”

Geon < 13.6 pb

~—non-top

Probability Density p(f)

Entries norm. to unit al

MR
10 15 20

PRI R T
25 30 35
B =oclogy

-3 -2 -1 0 1 2 3
Qen
Systematic acceptance uncertainties for t- and s- single top channel

. . Single T t-Ch. | Posteri Probability D it
(combined signal and background) e T I R,

= L e N A
o
o) _ -
Separate Search Combined Search 'E CDF Run ll preliminary
a J.Ldt=162pb'1
No. Source t-channel s-channel t- and s-channel >
E Geep < 10.1 pb
<]
1 Jet enerpy scale fﬁ?% ﬁi% 1—-!‘];% e
2 ISR +1.0% +0.6% +1.0%
3 FER +2.2% +5.3% +2.6%
T R TR
4 PDF +4.4% +2.5% +3.8% [
5 Generator +5% +2% +3% ,
ot M. Kopal - RENCONTRES DE MORIOND
6 Top quark mass o9t -2.3% -44% EW Interactions and Unified Theories
7 étrigs €10, luminosity +9.8% +9.8% +0.8% La Thuile (Italy), March 11-18 2006




