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What can be studied on top ?

0

CP violation

Anomalous coupling

Production kinematics

Polarization

| L Nx“u . .
o~ LA Branching ratios
: i3
CKM :|Vio| |75 [Rare or BSM decays
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Top production modes

Strong interaction : t¥ pair production tt production Vi

Used to study top properties

proton

m‘oweak interaction : Single top
Larger background, smaller cross section
->not yet observed
t-channel o, = 1.98 + 0.30 pb
s-channel oy, , = 0.88 + 0.14 pb
Allow direct measurement of CKM |V, |

s-channel single top e

antiproton

antiproton

i t-channel single top
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Top pair final states

Top quark decays in: t->Wb
Analysis channels are characterized by the W bosons decays modes.

Always 2 b jets

single / double b-tagging
significantly reduce backgrounds.

o (6 jBTS)

e statistics
Dominated by QCD multijet bkg

240/
£1/0

M tau+X

B mLH'J ets 1% 3%1% 15%

[ eHets

Hete

B e+mu } No results on t+X
] mu+Hmu

M all hadronic

15%

Lepton+jets : BR ~ 30 % (4 jets)
e+jet, py+jet

Best compromise signal/bkg
Main background : W+jets

Dilepton : BR~5% (2 jets)
ee, eqd, hu

Very clean signature, low rate
Main background : Z/W+jets
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Cross section measurements

m : - .
§7o;— D@ Preliminary Di|ep-|-on : . D@ Run Il Preliminary
%605_ e Data (370 pb’) : TOPOIOQiCCll gsoo
=501 [ - / g
8, F M |ep§qs70 pb selection, gof |
> Bwwwe ho b-tagqing. S200f "
zso;- Czy 99 9

202

10

[ r ’
o N Leptontjets :

Jet multiplicity

Topological (LH)
Or b-tagging (SVT).

"2 D@ Runll preliminary
Q Integrated Luminosity = 349 pb ' - =1
C>J 2001~ B prtejict;d backgrourz (data)p % 50 | 2 3 O p b 1- Dﬁ@ data
— it MC + background S i .
150 —-- z—jet data (Vegnex Tagged) :>j 40 | EI :‘/nvlj'ljt?]test
. 30 :
1001 + -4 ’ - ]
" ological (NN) + 20
50 350 pb-! b-tag (SVT). 10
50 p

| | |
0975 08 08 09 095 1

NNaII discriminant
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Cross sections summary

D Run Il Preliminary

dilepton (topological) 867, pb

L=230 pb” H ® H
I+jets (topological)

comblned (topological) 7.4 7 pb

dllepton (topological) NEW
L=370 pb’ H

L =230 pb’’ oo H
+0.9 +0.9
-0.9 -0.8

all hadronic NEW
L=350 pb" H

Cacciari et al. JHEP 0404:068(2004), m, = 175 GeV/c?

0 25 5 75 10 125 15 175
o(pp — tt) (pb)
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Single top production

s and t channel searches

D@ Run Il Preliminary, 370 pb™

- E:::; — t-channel (x10)
Select : 2-4 jets, 1 lepton, fe o seemaim
Missing Transverse energy 3 Wets, WW, WZ 1
= —— 1201 B Multijet -
Multivariate analysis : NN or 100] ~+ Data
_ikelihood discriminant -m t-channel/t¥ filter
o . 3 —
Use 2 filters fo discriminate 0 -
Slgnal from main bGCkgroundS noSinglg.lag 0203 00 tehannel Likellhood filter
o D@ Run Il Preliminary, 370 pb™ o D@ Run i Preliminary, 370 pb”'
2 T —— t-channel (x10) S0 d % Mi’
B0 s-channel (x10) Tos '
"l = Wejets, WW, W2 5o " bata
* I Multijet EO'G % i Background
“E —— Data l‘q:';:. 0.5 contour
«t+1-channel/W+jets filter  *.. == 1 channl
a0l 3 + 0.2
01 02 03 04 05 06 07 08 09 1 0 0102 03 04 0.5 06 07 08 09 1
Single tag Wrjets/t-channel leellhood filter ft / t-channel filter
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Posterior probability density (pb™

95% CL Bayesian limits

D& Run Il Preliminary, 370 pb™

0.5

LH distribution to

annel simultaneous
It : constraint on BSM
(NN analysis, 230pb1)

0.2

E_ —— s-channel

o SR — tehannel compute bayesian limits
- est world limits

0-3:_ G?,sobserved <4.4 pb

i < 5.0 pb

s, observed

01

0 L
0 — 10
é 9; Single tqp cross section significance
S 12 D@ Run i Preliminary, 230 pb’ 2 g P Projections: .
B % @ Standard Model - = i=<hanne .
s I Howc PRDG6, 054024 (2007 s 7 towards observation|?
c 10 (2002)
o - DQO% CL dh  Top-flavor (m,=1 TeV) * 62 » s-channel
s B % A ZICFCNC (g,.=g,) ) - ~
§ 8 []68% CL B 4thfamily (V,_=0.5) - I al
* - Top-pion (m,=250 GeV) S - _—
@ sf PRD63, 014018 (2001) E 4 S / ........... TSSOSO SRS S
o - c B -
2 4:JA -9 3: // ............
@ /2] SRR N ol B N P
£ | 20 7 e
S 2:_ ® QB
o_l\|||\||||||‘|||‘|||||| OE\\\\II\\II\\II\\\\II\\II\\II\\\\I\\\I\\I
o 2 4 6 8 10 12 o0 1 2 3 4 5 6 7 8 9 10
s-channel cross section (pb) Integrated Luminosity [fb™]
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Simultaneous fit of o, and R

Branching ratio B(t—>Wb)/B(t—>Wgq): > untarty

_B(t—>Wb)

| Vio I

B(t— Wq)

Compare events with O, 1 and 2 b-tagged jet.
- Use topological likelihood discriminant for O tags

AV BV P+ 1V, I

=V, ~0.998+

triangle constraint

/

Number of events

/

DQJ Preliminary e Data a
CIW+jets e
B Multijet o
@ Other

B tt

22
Number of tagged jets

R=1.03"2(stat+sys)
R>0.64@95%CL
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16 -
14 ¢
12|

10
8

6
4r
2

oL
0O 02 04 06 08 1 12 14 16 1.8 2

Lepton+jets (~230 pb-T)

D@ Preliminary

- c.L@

68% C.L.

Bt — Wb)/B(t — Wq)
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W helicity in top decays

» My, My
ngﬁ\’r handed W
suppressed by V-A
coupling.

o (coso)

0 0a oe 08
cosH

T L N I
-1 08 -06 -04 -02

Longitudinal W

=) 0

- II

Events

F,=0.7

Left-handed
WF =0.3

¥

—o— DO data
230 pb |:|tt—> I+jets (V-A)
- tt— I+jets (V+A)
D background

Right-handed
WF 0

“ay g1

ﬂ 1/2

F.= 0.00+0.13+0.07
F.<0.25 @ 95% CL

cosH*
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Other properties

£ T D@ Run Il Preliminary (L =370pb™Y) | T ,,F D@ Run Il Preliminary (L =370 pb )
Sonance X->TT E 30:_ e data g - = prediction for topcolor Z°
A S sk f % 12 with T, = 1.2% M,
' ED)' s W W+jets 1l * expected limit at 95% C.L.
20:_ multijet © r * observed limit at 95% C.L.
single top s
» o 15 —total systematic error .
Reconstruct invariant - -
. 10 + ab-
mass of t1 system in g i 13
IepTon +J eT evenTs' 800* a0 s 600 700& = 900 1000\%{2{)0 06400500600 700" 800 600 1050" '1'106' 1200
tt invariant mas! eV] M, [GeV]

Small excess at my~450 GeV
Not statistically significant

DJ Run Il Preliminary

Top charge : is it Top or some exotic quark

51 Qtomsen . 370 pbl| | with Q=4/3 ? (compatible with EW data)
g 1 bue W.-F. Chang et al. hep-ph/9810531, E. Ma et
=7 al. , hep-ph/9909537

Use |ep’ron charge + jet charge algorithm:

Qi = .4 pT/ D P

tracks tracks

- o o5 1 15 2 Exclude Q=4/3 at 94% CL

Reconstructed Top Charge [e]
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Top quark mass

Fma’rrix elements) : use all reconstructed information in
ent by event likelihood

Topological fits (templates)
Dilepton : Dalitz and Goldstein, RunI method

Reducing Jet energy scale systematics  [nies i, a’rrlx elemenTs
Simultaneous fit of top mass and JES on L1 preliminz
hadronic W in lepton+jet events

Dilepton (230pb-1):
1553 (stat)+ 7(syst)GeV
Lepton+jet:
Templates topological (230pb-1): 165

169.9+5.8(stat)/; (syst)GeV
Template btag (230pb-1): 190 %‘
170.6 £ 4.2(stat)+6.0(syst)GeV obe " Db 52 hi " b nbs M

Matrix element (370pb 1) jet energy scale
169.5+ 4. 4(stat + JES);Y (syst)GeV

B. Clément - Lake Louise Winter Institue - February 19th 2006 12

180 —

m,,,, [GeV/c’]

175

170 -




Top Mass results and prospects

Prospect for RunII (CDF+DO)
Am,,, < 1.5 GeV/c?
with 2 fb!

{1 —LEP1 and SLD
80.5 - LEP2 and Tevatron (prel.)

68% CL

Ln
TT

i
Ln
I

----- Statistical uncertainty
----- JES systematic uncertainty (from My, only)

.
L
L IR

----- Remaining systematic uncertanties
— Total uncertainty

Projected Am, (GeV)
s
|

(V]
T

25 -\ Run I+IT

| Z . . . 5 [
150 175 200 -
m, [GeV] a3

l L

0.5 [

my = 80.425 + 0.038 GeV/c? (LEP2)
mTop: 1727 i 29 G@V/CZ (DZ-'-CDF) 0 ! g : Int‘flzgrﬁlte(slLum6inosit;(’fb’l)8
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Conclusion

Top physics is a sector to probe the standard model at the
energy of the EW symetry breaking (Yukawa coupling~1).

New physics could appear in top properties : need precise
studies -> W helicity, top kinematics, rare decays,...

Can only be studied at the Tevatron (until LHC shows up...)

Tl a4 Bhore loWErEies OB
AnD A loWE LOoNE LAY PRl SO

7

Updated results in a few
weeks/months : ~1 fb-!of data
- reduced top mass uncertainties
- Towards single top observation
- Yop properties : charge, W
helicity
Many exciting results coming...
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Backup
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Tevatron pp collider

RunI |RunIIa |RunIIb
Bunches / turn 6x6 |36x36| 36x36
's (TeV) 18 | 196 | 19
Luminosity (cm-2s1) 1.6x103%0 | 1 x1032 | 3 x10%2
[ Ldt (pbl/week) 3 17 50
Crossing time (ns) 3500 396 396
Interactions/crossing 2.5 2.3 8
Duration 92/96 |01/06 | 06/09

Increase anti-proton production:

antiprotons recycler (fall 2004)
electron cooling (summer 2005)

p soufce =
7
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Main Injector |

& Recycler

e M T

&=
&
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Luminosity

Integrated Luminosity

Start physics data o Design g

taking in april 2002:

~1.4 fb-! delivrered == 500 pb! Sase

~1.15 fb! recorder 3> « 2004
= 2003

/

Available Pbars (e10)

. . (o] —ttl
Efficiency : ~83% 2002
u.'] EIE 5;.- ?5. - 1{;i2IE_ - '15"'5 1'|;'5- B Eﬂﬂ_Z.l’IE 25;’.] | 2_|;5 Efilﬂ 325 HEI‘J 3?:5
Pbars available to the Collider Days since October 1
22: /300 1010 . : ® Fiscal Year 06 * Fiscal Year 05 & Fiscal Year 04 # Fiscal Year 03 Fiscal Year 02 — Design
: . L —Base
4 . "
100.1010 i t
: .~ LN
- AT A
‘ .~ A L 2‘..- ’.,’-‘n,=
o A R L - :
o » A *h e <
of o oRER AN 8% - <- Number of antiprotons available
- R 4 o Fy . .
TrX¥uo- Y, e s Ayt & ‘e
5 T Jan 20
| ca 02!
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Calorimete

END CALORIMETER

Quter Hadronic
(Coarse)

Inner Hadronic
(Fine & Coarse)

Electromagnetic

I;/Iiddle Hgdroni«; ' < 3
Fine & Coarse N

/ Coarse Hadronic
w=0 = .
o

The DO detector

-Liguid argon Muons chambers :
Drift tubes and scintillators

Toroid magnet

CENTRAL
CALORIMETER

Electromagnetic

Fine Hadronic ‘

I8

" /1 ran L8 At \ " " ',\{I; ": ;:
4 50 = - g T
Solénoid: 2 Telsa | e g ;1'\ i

Vertex detector : silicon'

“Tracker H microstrip tracker (SMT)
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b-jets identification

Very important in top physics, Higgs search (H->bb) and
some SUSY channels (sbottom, stop)

Bottom hadrons charactristics
Decay through weak interaction with
change of family : large lifetime(~10-1%s)

- Tracks with large impact
parameters (IP) wrt. PV -> JLIP

- Secondary decay vertex (decay
length ~ a few mm) -> SVX
High mass (~4.5 GeV/c?) :

- Large invariant mass of tracks in SV.
- Hard fragmentation : open jefts.
Large semi-leptonic decay rate (~20%) :
- Muons or electrons within jets.
-> SLT
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Y

Primary vix

displuned track
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Tagging x Taggability efficiency (b-jets) (%)

B-tagging algorithms

Three algorithms at DG :
SLT : Soft Lepton Tagger, identify muon/electron within a jet.
SVX : Reconstruction of secondary vertices with large dacay length
JLIP : Jet LifeTime Probability, combine IP of tracks within a jet
into a probability for the jet to originate from the primary vertex.

Both efficieny and mistag are measured in real data.

JLIP D@ Run Il Preliminary M|S'|'C(q r‘afe D@ Run Il Preliminary
70 f— PRSI L LY £ 250 Tagging ef?i’ciency atn=0.5 .
-efficiency .. 5
60 et e - T JLIP Loose (P <1.0%)
= e I £ JLIP L
o s 50% E - JLIP Tight (P, <0.3%) .~
40f 2 15 o
- £ r
~ Fan) = e -‘—.
301 Tagging efficiency atn = 0.5 = P 5ot °
C s 1_ et et 1 /O
20 JLIP Loose (P <1.0%) § r e
- - 05 ST
1of JLIP Tight (P <0.3%) o
- 'E, L
F o L
o~ 1y ] S 0 | | | | | |

20 a0 e 80

20 40 60 80 100 120 100 120
Jet P, (GeV) Jet P, (GeV)
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