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Outline w

= The Tevatron & the experiments

= Exploring top quark physics at the
Tevatron:
v'Pair production cross section
v'Single top production
v'Top mass measurements
v'Study of Top properties

= _.while waiting for the LHC startup
= Summary and conclusion

WINO9 Perugia, September 15th 2009 2 Sandra Leone INFN Pisa



Teva‘rr'on Performances

C
L. 2

Run IT: Vs = 1.96 TeV

| the start of Run IT.

Performances have kept improving since

Initial Luminosity (x 10% cm2s™)
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Peak Luminosity record ~ 3.6-:103%2 cm? s!
Weekly integrated luminosity record 73 pb-!

Accelerator complex breaking records all the time:
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delivered: ~ 6.9 fbl

| . All results shown in the
Detectors running stably since Feb. ‘02 following based on

Data taking efficienc d ~4 -1
L(raecaor'?ield / L(delli\llerezlj) atasets up to 5 f

commonly > 85%
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e Two general purpose detectors, CDF & DD, capable

many different physics measurements

‘ Tevatron Experime

gull >

el

- |

e Large international collaborations, 600+ members each
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Why study the Top Quark?
= Top quark discovered in 1995 at
Tevatron

l+
= Tt is avery special particle:

vV
q _
\/qf
(rerei)
= Heavier than all known particles
= Decays before hadronizing:

L : Top mass
i 5:w' Top Charge
‘}"’\ Top Spin
|_‘rop:]"5 GeV > AQCD Top spin polarization t
= Since then, many top studies . . * P 2
performed to answer the question: / . F
is what we call "top quark” X i-"-"-' ..... < '
adequately described by . . 5. B
The S'l'andard Mode|'> Production Cross Section z r 9
51‘“ 1‘ Resonance production ? [Decay modes]
= | I . f . .
many Open QUZS ons Production kinematics _Bramhmg ratlos]
= Why is top so heavy ? r .
SM | CKM matrix element [Vtbl
= Is top related to the EWSB
mechanism? New Physics ?
— Is it the SM top?

[ Rare decays

t->2Zc/7c, t—>WZb,...]

Non-S+M decays
t->N", t>1,..
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4 Top Quark Production at Tevatron

= QCD pair production ~85% ¢ ~15% f
ONNLO = 74 702 o7 pb /
(for m,,= 172.5 GeV) \ _ )
THEP 0809, 127 (2008) t [
s-channel t-channel
o EWK single-top production ~33% ~67%

~p

.
> s-channel: oy o = 0.9 pb ’ + {
> t-channel: oy o = 2.0 pb + w
(Both for mq,,= 175 GeV) . b
q’ b
g

PRD 66, 054024 (2002) )
b

= o smaller than top pair production, but = allows direct
access to Vy,, CKM matrix element: cross section oc |V1b|?
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Single top Associated production tW  too small at the Tevatron 
Single top identification is challenging ?  huge background
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Top quark production at LHC

| = Rare at Tevatron: One ‘ro‘:{
|

per 10 billion inelastic col

| « LHC @ 14TeV: o(tt) ~ 850 pb
1 (~10% qqbar, ~90% gg)

| (x100 Tevatron) @ 14 TeV

1 = background ~ x10 Tevatron
| " o(11) @ 10 TeV ~ 1/2 ¢ @ 14 Te\f
v" Even in 100pb-! @10 TeV O(50K)

ttbar pairs

'+ LHC = "Top Factory"

pair
sions
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Top Quark Deca Ve

SM predicts BR( + — Wb) = 100%

O e-e(1/81)

H mu-mu (1/81)
M tau-tau (1/81)
O e -mu (2/81)
M e -tau(2/81)
M mu-tau (2/81)

@ e+jets (12/81)

B mu+jets(12/81)

M tau+jets(12/81)

O jets (36/81)

A I Ways b Displaced tracks
jetsare
p r‘ es e n.r Primary vertex

Decay lifetime -
o Lxy //%econdaryvertex
-

= /

7
9\\ p/
d0 v
Prompt tracks

Jet

W+

For ttbar pairs:

Event topology determined by the
decay modes of the 2 W's in final
state.

=Dilepton (ee, py, ey)

—=BR = 5%, 2 high-P+ leptons + 2 b-
jets + large missing-E+

=Lepton (e or p) + jets

—BR = 30%, single lepton + 4 jets
(2 from b's) + missing-E+

*All Hadronic:

—BR = 44%, six jets, no missing-ET
" T had +X

—=BR = 21%

WINO9 Perugia, September 15th 2009
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Mt > MW + Mb and |Vtb| >> |Vts|, |Vtd| 
Can identify b-quarks through secondary vertex to reduce backgrounds (non-W without bottom/charm, W+light flavor jets)



Top pair production: Dilepton Channel

Pretag Top Candldates Wlth Njet > 1

180
1601_ CDF 1l Prellmlnary 4.5 fb™
i i ]
[ —o— data 1
140:' | Entries 314 _
[ -®- DATA ]
120: []o,=7.4pb|]
100:— —+— |:| Fakes .
[ Bz
8o 1'op Hwz
sob B ww ]
- DY— t't |
aof Clpy—IT
20F

Summer
2009

7 8 9
jet multiplicity

Control Signal region

High purity sample, good test of signal model

Tagged Top Candidates With Njet> 2

5

40¢
3sf
30;
25§-
203—
15;-

10F

vvvvvvvvv

CDF Il Preliminary 4.5 fb" |

vvvvvvvvvvvvvvvv

data
Entries 115 |4
- DATA
[]%:= 7.4 pb|]
[ IFakes
W zz
Hwz
N ww
Cloy— o
Eoy- 1|

100 150 200 250

transverse missing energy, GeV

CDF (4.5 fb"1, m= 172.5 GeV), b-tagged,
o,(dil)=7.3 0.7(stat) 0.4(syst) 0.4(lum)pb

CDF (4.5 fb™,

m= 172.5 GeV), pre-tagged,
o, (dil)=6.6 0.6(stat) 0.4(syst) 0.4(lum) pb

CDF Conf. Note 9890
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Compare measured cross sections among various ttbar final states 
 Anomalies in the tt rate would indicate the presence of non-QCD production channels: for example resonant state X? tt 
Different methods of extraction with different sensitivity are used
Provides important sample composition for all other top property measurements. 



Top pair production: Lepton +Jets

gged sample, counting events Pre-tagged sample, NN discriminant

N, >3 CDF Il Preliminary 4.6 o'
jets =

n Il Preliminary L = 4.3 fb™

M oata
W Tor
i single Top

N Hw+HF

B data (7348 evis)
@ top
B w+jets
I aco

+ =

I bin

500

800—

Events

evenis

B 400
600 —

--

400

top

200 ks

0

01 02 03 04 05 06 07 08 09 1
NN output

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets S {

3

monrn
i

9]
v

™y €
(@]
\D

Control  Signal region

=L_uminosity is the largest uncertainty in both measurements (6%)
=Reduce by normalizing to the measured Z cross section
“Measure R and multiply by Z cross section from theory: o =Reo

theory
Z

CDF (4.3 fb1,m,=172.5 GeV), b-tagged: | | CDF (4.6 fb',m,= 172.5 GeV), pre-tagged
o,=7.1 0.3(stat) 0.6(syst) 0.1(norm)pb | | 0,=7.6 0.4(stat) 0.3(syst) 0.1(norm) pb

CDF Conf. Note 9878
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Top pair production: All Hadronic w

Measurement in background dominated sample: background is hard
to model:
Poorly known cross sections
'DGTC( dr'iven bC(Ckgr'OlJnd mOdel CDF Run Il Preliminary (2.9 fb™)
DO (1 fb-!, m= 175 GeV): 5[ >2 tags events ™
o, (had)=6.9 1.3(stat) 1.4(sys) 0.4(lum)pb %m:— * —t Data
400 v - Fitted #
AV [ o Fitted Bk
= * D@ data, 1 fb 5;’8(')“96" : = ’
oo pquignal e
100 TOP ST 150 200 250 300
Q e SR e e CDF (2.9 fb™!, m;= 172.5 GeV):
v Re BA B RS Y| gy (had)=7.2 0.5(stat) 1.5(syst) 0.4(lum)pb
CDF Conf. Note 9841
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<)z t-tbar + let Cross Section

= First 6 measurement of t-tbar associated with an additional hard jet
= TImportant test of perturbative QCD

= Use b-tagged events in lepton + jets channel.

= Data-driven approach is used to predict the background content
= Standard model prediction oy, = 1.79 *016 4 5, pb (arXiv:0810.0452v2)

5
“UE’ Run Il Preliminary L = 4.1 fb™! o — E CDF Run Il Preliminary L = 4.1 fb”
5 Summer -
i M oata + o0 W 68% CL
I i + 0j (5.5pb) 2009 +~ L B 95% OL
B It +j(1.6pb) +— L
1000— [ single Top b E
L s W +HF S, E
I Mistags = E
Z+jets 1.5 :—
500 ] :_
05

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets

CDF (4.1 fb'1, m=172.5 GeV):
oy (tt+))=1.6 0.2(stat) 0.5(syst) pb

CDF Conf. Note 9850
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, as NLO effects play an important role in the calculation of the theoretical cross section
The simultaneously measured tt+j and tt+0j cross-sections and statistical uncertainties are derived from a 2D likelihood fit. This is a plot of the 68% and 95% CL contours. 


August 2009

* = preliminary

D@ Run i

=« Experimental uncertainty: Ao/oc ~ 6.5%

= Dominant exp. uncertainties: b-tag accept.,

W+bjet background

= Tevatron combination underway

Acc I Ldt

[ Cacciari et al., arXiv:0804.2800 (2008)

Kidonakis & Vogt, arXiv:0805.3844 (2008)

[CIMoch & Uwer, arXiv:0807.2794 (2008)
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Otthgr Measurement at LHC

Top
dilepton

CMS: dilepton channel,
no b-tagging, @10TeV,

Keep it as simple as possible on "day 1 “
'Rediscover’ top quark with ~ 10 pb-! @10TeV

/1 100-200 pb! @ 10 TeV would be enough to

*Measure o(ttbar) to better than 20%

= Determine the light jet energy scale to

~ 5°/o

*Determine the b-tagging efficiency

ATLAS: Expect Aa/o ~ 17%

WINO9 Perugia, September 15th 2009

-1. ~ o S A
10 pot: Ao/o~20% %g for single lepton ch, no b-
S tagging, 100 pb-1 @14 TeV
15 Sandra Leone INFN Pisa




S
[}
(=}
o

(=}
(=}
o

Cand,i\giate Ig)vent
(]
o

iy
S
\S

S: 1 high-P+ lepton + 2 b-jets + missing-ET
t: 1 high-P; lepton + 1 b-jet + 1 other jet + missing-

o

Single top hidden behind large backg?'ounds Weljet Wezjets Wdids W djers

with large uncertainties , =

—Makes counting experiment impossible! T?PfPC”r' has better s/b and very

—s-channel single top has the same final distinct final state:

state as WH-sIvbb — Counting experiment af’r,er
—benchmark for WH Higgs searchl! b-quark tagging ‘fairly easy

= Single top requires more sophisticated techniques: no single variable provides

significant signal-background separation

— Perform multivariate analysis (MV)
— take advantage of small signal-background separation in many variables

WINO9 Perugia, September 15th 2009 16 Sandra Leone INFN Pisa



Multivariate techniques: boosted decision trees, matrix element reconstr., bayesian neural networks, likelihood discriminants



Single Top Observation

CDF and DO both report >50 observation March 2009

CDF Preliminary Single Top Summary 1
For M, = 175 GeV/c? Dg 2.3fb” March 2009
S-Channel .
LSy neten | 1.5+ 03 The various MV Decision Trees 3.74 *995 pb
. |
Neural Nejwork —— 18406 meThOdS 9|Ve Bayesian NNs —e— 4.70 t&;g pb
eural elwaorl -+ |
(3.21") M .
Vatr Eemont 26+ 07 consistent results Matrix Elem:ents 4.30 2939 pb
Likefihood, Function 1.6+ 3% BLUE Combination 4.16 £0.84 pb
Boosted Decision Tree 21+ 07 :
(321 82 BNN Combination 3.94 £0.88 pb
Corr;g)lgarglgn (Lepton+Jets) 21+ o :
ME'I(';.:efLs) 4.9+ 28 m— N Kidona!(iS‘ PRD 74, §14012 (2006) My, = 170 GeV
Con?:l?:»mahpn (All Chalnnels) 2. 3 82 L (I) L é L 0 L
-5 0 5 —
Single Top Production Cross Section (pb) o (pp - tb+x’ tqb+X) [pb]
tn - 500 ]
= - - Data ¢
2 ol cortlaz e S o PO 23107 itqh m
L 2 w 400~ W+jets Il
d:, i it .
Multijets I
o 300 !
PRL 103, 092001
. e ; PRL 103, 092002
Super Discriminant 0.2 0.4 0.6 0.8 (2009)
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Single Top combination and direct V.,

CDF and DO combined their results using a Bayesian approach
Single Top Quark Cross Section August 2009 (FERMILAB-TM-2440-E)
CDF Lepton+jets 3.2 b 5 - 2.17:8;32 pb ‘;f 1‘ Tevatron Preliminary, August 2009
\ c I 40,
CDF MET+jets 21" ! 5.0 fg;g pb a [ Ou = 27657 pb
D@ Lepton+jets 2.3 b E 3.94i8_‘§§ pb '%0'3__
Tevatron Combination 5 2.76 2033 pb § 0.6
— ety |
. Alaonakis, 4, | 0-4__
02 4 6 8 Summer | |
G (PP — tb+X, tgb+X) [pb] c002  lo2-
Tevatron (3.2 fb™): %05 775 2 25 3 35 4 455
ot =2.76 +0.58 0.47 (Stat +SySt) pb single top cross section [pb]
~ 2 ' :
G single top ™ | Vip| Best direct measurement of Vy,:
Assume: Tevatron (3.2 fb):
1) [Vidl, |Vigl << [ Vil V., |=0.91 0.08 (stat+syst
ts td tb tb
2) Pure V-A coupling Using PRD66 054024, 2002

WINO9 Perugia, September 15th 2009 18 Sandra Leone INFN Pisa



S

ingle Top Channels

E D@ 2.3 fb’
* Extract t-channel and s-channel | summer E Bt
contribution to single top signal 2009 |3 3, 000,
5 % IV =02
= New physics scenario can affect 5 A ity
. . 2 - To;_:Plone
single top channels differently. el
DO (2.3 fb'): =:::zt
o,(t-channel)=3.14+094_ . (stat+syst)pb ;
Fermilab-Pub-09/372-E . ehanne/ discriminant .. ..
! 2 g—channel ?:ross secl5lon [pb]
§ 49 @ D@ 2.3 fb" @ @ DO, 2.3 fb"
% i * Data :@' 10—
= M t-channel s
S s-channel bt
w, W W+jets o
s Wit )
= B Multijets L
v >
02 04 06 038 1 -2 0 2 4
Ranked t-channel Output  For Output > 0.91 Q(lepton) x n(light quark jet)
WINO9 Perugia, September 15th 2009 19 Sandra Leone INFN Pisa



s-channel sensitive to new resonances
t-channel sensitive to FCNC



Single top @ LHC

= Single top production will includes o=
associated production. At 14TeV: T 2
= s-channel ~ 11 pb ooF — il

= t-channel ~ 247 pb 1000 Me- i) 3

= associated Wt ~56 pb rrp 63 034012 (2001) v “oof e s s E

= t-channel most sensitive one e -
. . R T S S S S

. RZQUII"ZS b'TGQQ'nQ + MVA CERN-OPEN-2008-20 (2008) ~'\umberofjets

= Precision measurements of properties of top in
electroweak produced single top will be possible

N

/ \

ATLAS with 1 fb1@14TeV: — A|Vi|/|Vin| =12%

|
y
ner->»
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ToE guark mass

. LEPEWWG
" M,,, is a fundamental parameter of P

1 — LEP2 and Tevatron (prel.)

the Standard Model 8054 - LEP1 and SLD

68% CL

= Since M,,, is large, quantum loops E .
involving Top quarks are important E
to include when calculating precisioh |
observables (e.g. sinBy,%, R,, My, ...) 803

0.4 1

150 175 200

= Within SM, particularly important m, [GeV]
to help constrain M,

WINO9 Perugia, September 15th 2009 21 Sandra Leone INFN Pisa


World top quark mass and W boson mass included, from LEP/TEVEWK working group:
mH = 87+35-26 GeV
mH < 157 GeV (95% CL)
mH < 186 GeV (when LEP limit included)



Tk

Challenge is:
= Properly associate measured objects
to initial state quarks and leptons "~
(including neutrino)
= Extract best possible four-vector for X_
each (jet energy scale is cruciall)
= The mass of the jet pair from W->jj
( insitu’) is used to obtain an internal
constraint to the jet energy scale(JES).

14

= Constraints

= Many Methods exist, most precise top bjet

mass from_Matrix Element in ¢+jets:
= Use four-vectors of reconstructed objects
— Calculate a probability per event to be signal or background as a
function of the top mass
= Product of event probabilities used to extract the most likely mass
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Challenge is to:
Properly associate measured objects to initial state quarks and leptons (including neutrino)
Extract best possible four-vector for each (energy resolution)


DG Run lIb Preliminary, L=2.6 fb™

Matrix Element Technique in Lepton+Jets channel:

CDF Run Il Preliminary 4.3 fb”

DO note 5877-CONF

@ o= leptonsjets with prior = Summer
- Vm 12 2009
1.05F w F
C < 1=
1.04 u.af—
1.032— “-ﬁi—
u 0.4
1.02:— 0.25—
1.01;— 4;— — A(lnL)=-0.5
1 A InL=2.0 02 — A(InL)=-2.0
b KinL=4.5 e —A(InL)=-4.5
E e e e e i me im memeigs
0968~ 170 172 174 176 178 180 m, (GeV!c )
M, (GeV)
DO (3.6 fb™):
=173.7 0.8(stat)0.8(JES) 1.4(syst) GeV
CDF (4.3 fb):

m,=172.6 0.9(stat) 0.7(JES) 1.1(syst) GeV

CDF Conf. Note 9880

WINO9 Perugia, September 15th 2009
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Tevatron top mass measurements

Mass of the Top Quark (*Preliminar
COR dil — (167_411:.314_9 Consistent across channels and methods
DO-I di ’ 168.4+12.3+ 3.6
CDF-Il di T i712+27429
. B 7a7s00504 ArXiv:0903.0885
CDF1 14 __._.“176.1i5.1i5.3 *AM,,,(total) = 1.3 GeV/c2 AM/M ~0.75 %
ZOD:J y w ¥R alave surpassed Run IT goal by a factor of >2
1721+ 09+ 1.3

DO-1 14 " 4737+08+16| =Some of the systematic uncertainties
CDF-! all§ 186.0+100+57 limited by statistics of calibration control
CDF-l allj __—:; 1748+1.7+19| samples
CDF-Il trk
——— :zﬁ% = Ongoing work on improving systematics

| | | - wwi-sacoee [ m With full Run IT data set could reach a

150 160 170(@ \,1/820) 190 200 1'0'|'C(| uncer"rainfy Of AMTOPNI GZV/CZ
mtop ev/c

LHC: Predictions for 1 fb! @14TeV: AM,,, =1 t0 3,5 GeV if JES 1-5% (ATLAS)
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The top quark mass is known with a precision that was  thought unreachable at the Tevatron only a few years ago: of the order of the top natural width                  
be careful in interpreting the meaning of the measurement 
both exp.s are addressing a number of effects that, too small to have an impact in the first measurements, can now become important.
Uncertainty dominated by sources which should continue scale with the statistics 
Are all sources of uncertainty covered?
IS there overlap?




; W Helicity in top decay w

W helicity in top decays is fixed by M;,,, My, and V-A structure of the
tWb vertex. It is reflected in kmema’ncs of W decay products.
b
W helicity states: ﬂ 1 =
1 b A\
left-handed longitudinal right-handed
fraction: f fraction: f, fraction: f,
In Standard Model: ~30% ~70 % suppressed: ~0.036%

/-\'3'1'

— Measure angular distribution of charged %

lepton wrt. fop in W rest frame: cos6* § 05
l+

Oap—m

(=]
(=]

(=]
[2=]

500 W . neg. direc-
b < = tion of top

[=]
i

R SO ot i L ] [ AT AT A B |.-|r il el LT T RO
0.8 -0.8 -CI4 -CI.E - 02 0.4 {IE {I.S A

_ cosO”
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W Helicity in Top Decay

. . ; - DO Run I limi
Fo and F, are simultaneously fitted G 60T | onvietschannel . pommn 12m (8
= Signal + background
. . = Wb SM Signal + background
CDF: combination of two cos 6* W gof Ll Emeagen

analyses with 1.9fb1: . g A
Fo= 0.66 +0.16 (stat) + 0.05 (syst)

-1 -0.5 0 0.5 39*1
co
F.=-0.03 + 0.06 (stat) + 0.03 (syst) ~ 120; —
(=) W DO Run Il preliminary
_a 100:_ Lepton+jets channel —e— p@data, 1.2 (b)
PLB 674 (2009) 160-167 £ goF + Wos jj e B
w L. [ Background
60 ety 0 & i
DD uses lepton + jets and dilepton 405
events with up to 2.7fb"! s EETL
PRL 100 (2008) 062004 N el 02 04 06 08
Q‘ C D@ Run Il preliminary
8 50 Dilepton channel —%— D@ data, 1.7 fb” (c)
Fo=0.49 + 0.11 (stat) £ 0.09 (syst) £ 400 — Pt
w - [ Background
F. = 0.11 + 0.06 (stat) + 0.05 (syst)
Results consistent with the Standard Model
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Generic W-t-b Coupling w

= Constrain form factors for anomalous tWb coupling

= Combine information from single top production and W helicity
measurement in ttbar decay
Ly, =2

Wb — ﬁwy_l}yﬂ (flLPL +JC1RPR)t_

2 W bo" (fLP, + [Pt
N2M,, B P
. . L L R R
Standard Model predicts: f"=1, f,,=f"=f, =0
— Use all fop samples to perform a general analysis of the vertex
&= %[ DO Preliminary 0.9-2.7 fb” %+ % D@ Preliminary 0.9-2.7 b &+ 2 D@ Preliminary 0.9-2.7 fb"
I ® Measured Peak -0 ® Measured Peak -0 ® Measured Peak
15- [Jes%c.L. 15- [les% c.L. 15- [Jes% c.L.
i Moo c.L. i Mao%c.L. i Moo c.L.
I Mos%c.L. r Mos% c.L. Mos%c.L.
1 1
o o Consistent with
N o~ Standard Model
4 % 1 2 3 4 % 1 2 3 4
it [ It
2 2 2
for |f,"] =1: |£*| <0.72,|f"] <0.19,
WINO9 Perugia, September 15th 2009

£25| < 0.20 @ 95% CL
e/
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Top anti-Top Spin Correlations w

= Top spins are correlated only if top lifetime is short enough
= Informationon the spin carried by the decay products

ant-lepton  V

t
.
q %09
- =
t
= First results from Run IT (dilepton channel) SM predicts k=0.78
. - NPB690, 81 (2004)
. D@ Run II preliminary (4 fb™) Summer
< | MiEaman, 2002 DO (4 fb™): Agreement
505 ;l:):l’{)loE)O]l‘; ='0.17 +0.64 -0.53 WiTh SM WiThin

Beam axis 2 o (DO),
1 6 (CDF)
COF 28ty |

40F

30F

20F

10F

— 0.55
K=0.32 " 478 DO Note 5838-CONF

os(8 eus(s Off-diagonal axis CDF Conf. Note 9824
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Top anti-Top Mass Difference w

= Mass difference would imply CPT-violation
= First CPT measurement in the quark sector (‘bare guark')

= Measured in lepton + jets events (ME technique) releasing
constraint on Misn = Mantitep

=  Ha)e+jets . D@, 1fb"| | Summer =  Kb)p+jets -
180 - e 2009 2175_“.....””“
E175fii“ E17o
170F 1\ o\ 1650 |- -
1552“"‘: 160F "\ 0 T
165 170 175 180 165 170 175 180
m, [GeV] m, [GeV]
DO (1 fb™): arXiv:0906.1172v2

Am=3.8 3.7 GeV

Consistent with SM expectations
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Search for Narrow Resonance in ttbar produc’rionw

= Some ‘new physics’ models predict t+tbar bound states

= Top color assisted technicolor with leptophobic Z" (Phys. Rept. 317 (1999) 143)
= Search for 'bumps’ in reconstructed My, . spectrum
= Assume sufficiently narrow width (~1.3%) dominated by resolution

= Lepton+jets summer | All Hadronigmn" I
> T PPE—— 2009 i o
220 ® _ il el
S o % m;
& r T Waets
1 80 Other MC
603— B Multijet
200 |
% 400 0 1 oMoﬁo[Ge“vz:IDO 500 600 700 800 r‘:t[l[Ge‘m::"’:I
DO (3.6 fb): CDF (2.8 fb):
M(Z’) > 820 GeV @95% C.L. M(Z’) > 805 GeV @95% C.L.
DY Note 5882-CONF ) CDF Conf. Note 9844
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No resonance production in ttbar system is expected in the standard model
Some models predict ttbar bound states
Top color assisted technicolor predicts leptophobic Z’ with strong 3rd generation coupling
Experimental check: search for bumps in ttbar reconstructed mass spectrum
Sufficiently narrow so that width is dominated by detector effects



Forward-Backward Asymmetry w

= New physics could give rise to an asymmetry (Z” ,axigluons,..)
= SM predicts at NLO A(,=0.05 + 0.015 %

BACKWARD SO Reconstructed Top Rapidity Summer
N e = ] 0 -
S e A= a0 T E
o i N i i
? P 180 L=32M" —+— 167 events |
1202— _+_ _i
100~ | =
ao;— _;
F-B 3 E
Ag = — 3 E
F+B % 45 a4 05 0 05 e
~Qiep X Yhad
CDF (3.2 fb™): |
< Agrees with SM
= o
A,=0.193 0.065 (stat) 0.024 (syst) % o Gors. ess Wi
ote
DO (1.0 fb™'):
Ai, =0.12  0.08 (stat) 0.01 (syst) % | PRL 100, 062004 (2008)
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= Heavy 1" production

= suggested in 4th generation
models, little Higgs, ZHD models,

Beautiful mirrows eftc.

Search for t' 1" -bar in Lepton + Jets

o(pp—t1) (pb)

CDF Run 2 (2.8 fb')
Preliminary

t'—Wq, > 4 jets

Hy vs Mieco

0.1k observed

theoretical prediction
Bonciani et al.

1 n 1 n 1
200 300 400
t' mass (GeV/c?)

CDF (2.8 fb-1):

M(t’) > 311 GeV/c? at 95% C.L.

10-1E

t+ observed

tl

top

[ W+jets
= QCD

CDF Run 2 (2.8 fb')
Preliminary

4 — MIt)=300 GeV

200 300 400 500

Mieco (GeV)
CDF Conf. Note 9446
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. Search for FCNC in Top-Decays: t-> Zq

Best Fit to Mass y2

In SM FCNC strongly suppressed in the top

sector: BR #10-1* .| signal = new physics

Look for t -> Zq decays

Select events: 4 jets + 2 leptons

Construct mass x° to measure ttbar-likeness:

(qu - MW)2+ (Mbqq — Mt)2+ (qu - Mt)z
ow Ot—qqb Ot—Zq

FCNC Feldman-Cousins Band (95% C.L.)

[0 Z + Jets (HF & LF)

o 2 4 6 0

o L L I L I L L
E Tagged Anti-Tagged Control § L Bel's'r Fl.ir' L
L—E (13 Events) (33 Events) .Hjﬁ Events) T 015 - B (t—7q) = ~0.0149 — ]
40+ ® Data(1.9fb ) 1 CDF 1I Preliminary | % - e —
0 FCNC i (3.7%) fLdr=19 fb! o —
Fit Uncertainty E 0.1 f— -]
h R

2 4

50| B Standard Model | |
B Diboson (WZ, Z7)
hh.—-.— :
0
6 0 2 4 6
A

95% C.L. Limit:
0.05 Bit—-zq) < 3.7%
=t _IE ]
] CDF II Preliminary o
JLdt=19 " ]

Y . .

0 Yy L1
0.2 0 0.2
\4 Measured B(i—=Zq)

8
L

BR(t - Zq) < 3.7% @ 95% C.L.

PRL 101, 192002 (2008)
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“—I.._ ﬂ_i;’_ /
Property

m;

Oribar (@M,=172.5 GeV)
Oribar (@M,=170 GeV)

asingle'rop (@mf= 170 6ev)

[Viol (@m,=170 GeV)
o(gg- >ttbar)/o(qq- >ttbar)
m; = Mypar
o(tt—ll)/o(tt—l+jets)
o(tt—tl)/a(tt—ll + |+jets)
O'ibarsjets (@M,=172.5 GeV)
CTtop

I'top

BR(t- >Wb)/BR(+->Wq)

Fo

F.

Charge

Spin correlations

Charge asymmetry

Run IT Measurement

CDF: 172.6 + 0.9(stat) + 1.2(syst) GeV
DO: 174.2 + 0.9(stat) + 1.5(syst) GeV
Tevatron: 173.1+0.6(stat)+1.1(syst)GeV

CDF: 7.50 + 0.31 (stat) + 0.34 (syst) £ 0.15 (lumi) pb
DO: 7.84 046 45 (stat) 066-; 54 (syst) * 054 4 46 (lumi) pb

Tevatron: 2.76 *058 , ,, (stat+syst)

Tevatron: 0.91 + 0.08 (stat+syst)
DO: 0.07+0.15-0.07(stat+sys)
DO: 3.8 + 3.7 GeV

DO: 0.86 01 ,,, (stat+syst)

D0: 0.97 +032_, 4 (stat+syst)
CDF: 1.6 + 0.2 (stat) + 0.5 (syst)
CDF: 52.5um @ 95%C.L.
CDF:<13.1 GeV @ 95%C.L.

CDF:>0.61 @ 95% C.L.
D0O: 0.97 +0.09 -0.08 (STGT"’SYS*)

CDF: 0.62 + 0.11
DO: 0.490 +0.106 (stat) +0.085 (syst)

CDF:-0.04 + 0.05
DO: 0.110 +0.059 (stat) +0.052 (syst)

CDF: - 4/3 excluded with 87% C.L.
DO: 4e/3 excluded at 92% C.L.

CDF:k=0.32+0.55-0.78,-0.46 < K< 0.87 @ 68%C.L.

DO: k = -0.17 *065 55 (stat + syst)
CDF: 0.19 + 0.07(stat) + 0.02(syst) %

D Top Quark Properties Summary

SM prediction

7.4 +0.6 pb
8.06 +0.6 pb

3.1:0.3 (PRD66 054024)
3.5+ 0.2 (PRD74 114012)

1

0.18

0

1

1

1.79+0.16 -0.31 pb
10-19ym

1.5 GeV

1

0.7
0.0
2/3
0.78 o022 10027

0.05 +- 0.015

Luminosity (fb-1)

43
3.6

45
1

3.2-2.3

3.2-2.3
1

1

1

1

41

0.3

1

0.2
0.9

2
27

2
27

1.5
0.37
2.8
4.2

3.2




Summary and Outlook

Top quark production and decay are currently being studied at Tevatron

= So far top quark seems to be standard model top quark
v ttbar cross section known to 6.5% (better than theory!)
v Mass measured to < 0.8% precision

— Single top quarks have been observed!
v'Most precise direct determination of Vito date

Tevatron expects to double data sets if running through 2011

LHC will open up a new era of Top physics =Top factory
v With 100 pb-! cross section can be measured with < 20% precision
v Studies of other top properties and the Wtb vertex require
good detector understanding and 1-10 fb-!to reach maturity

Tevatron's top physics program and understanding of systematic
effects will continue to play a significant role for years to come
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Both ttbar cross-section and top mass measured in different final states and using different methods
Study other properties of top quark, search for new physics
Almost all the measurements are limited by statistics at present
Increasing data from Tevatron will further help reveal the true nature of top quark ? Expect ~10 fb-1 by the end of 2010



For more information:

= Top Physics Results from the Tevatron:

. http://www-cdf.fnal.gov/physics/new/top/top.html

w http://www-d0.fnal.gov/Run2Physics/ WWW/results/top.htm

= Top Physics at the LHC:
—See S. Mehlhase talk in D61
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https://twiki.cern.ch/twiki/bin/view/Atlas/TopPublicResults 

https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResults#TOP_physics


= Scan for Ag, asymmetries for 8 different

Ac VS My, Mass

M...... thresholds

M, Invariant Mass for Tagged Events

M, edge (GeVic?)

0.20 T T T
200
C CDF Il Preliminary
A, resummed 180 E
rL:summed Ola,) exp ] E — FW Data L=3.2 fb™
0.15 — (Almeida, Sterman and Vogelsang 160 F —— BW Data L=3.2 fb™
iv:0805:1885v1 - C
i arXiv:0805:1885v1) 1 140
"""""""""""" s ] B aonF
AAgg = 2.5% -~ i w120
)| A — 1 5100 E
1 1 4 —
S 1 1 1 |.I>J E
e 1 1 _
P : : ] 80—
1 1 q C
0.05 | 60—
NLO Model: { E
A= BP e . 40—
58 K Apg = A% + (AAgg/ AM) ™ M, I E
I 1 I | 20—
0.00 i - l R — 1 PR W S TR S T N S S T T —
300 400 500 600 700 800 Doy b : T ety
350 GeV Mg (GeV) ?00 350 400 450 500 550 G600 650 700 750 800
AM,, = 100 GeV Reconstructed Mﬂ (GeV)
o Parton Level AE”B below M, Edge o8 Parton Level AE”B Above M, Edge
r CDF Il Preliminary L=3.2 fb" r
C —fe A EC C
05 Bl 06— 4
C — " statesyst L
C sonnnnn Integral AFB=19.3% 0.4—
% @ 04— with flat mass dependence 5: @ C I WIRE See UL [ETTT STt
< F NLO Model g 02 {
0.3— C
- F ¥ C
Q C g ] T T e
© E © r F
g 02— ) SE T @ T
6 ¢ F 0L o 5 -0-2[] CDF Il Preliminary L=3.21b"
© 0.1 " (&) M —t— Apzo,,
E -0'4: - *Gsmﬂym 1
C [ ssssvens Integral A _=19.3%
o;-- ------------------------------------------------------------------------------ -o-s: with flat mass dependence
-0:"""'"""'"""""""""" -0: NLO Model NI R B
3100 400 500 600 700 800 900 1000 "gﬁl] 400 500 600 700 800 900 1000

M, edge (GeVic?)
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B B(t — Wb) B | Vib \2

@ Top Branching Ratio w

O Blt—=Wq) [V P+ Vi P+ [ Via |7

Is there room for
t > W +q, decay ?

We measure R from the ratio of events with 0,1,2 b-tags

Assuming three generations and the unitarity of the CKM matrix, the
denominator is unity, and we estimate |Vtb| > 0.78 at 95% C.L. (CDF)
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