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= The Tevatron & CDF

= Exploring top quark physics at the
Tevatron:

v'Pair production cross section
v'Single top production

v'Top mass and other properties
v'Search for new physics in fop sample

= Prospects & Conclusion
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Tevatron

Performances
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Performances have kept improving since

the start of Run IT.
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Accelerator complex breaking records all the time:
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Peak Luminosity record ~ 4-1032 cm=2 st
Weekly integrated luminosity record 73 pb-!
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‘ Im‘egrm‘ed Lumi hosity
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We have collected > 100 times

. more data than what was used to
delivered: ~ 9.4 fb! discover the top quark.

Detector running stably since Feb. '02 All results shown in the

Data taking efficiency following based on

L(recorded)/L(delivered) datasets up to 5.7 fb-!
commonly > 85%
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‘ The CDF Experiment

e CDF is a generadl
purpose detector,
capable of many
different physics
measurements

e Large
international
collaboration,
500+ members
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Why study the Top Quark?

= Top quark discovered in 1995 at the Tevatron
= Tt is a very special particle:
— Heavier than all known particles

= Decays before hadronizing:
rTop:1.5 GeV > /\QCD
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Why study the Top Quark?

= Top quark discovered in 1995 at the Tevatron
= Tt is a very special particle:
— Heavier than all known particles

= Decays before hadronizing:
rTop:1.5 GeV > /\QCD

= Since mechanism for EWSB couples to mass,
top quarks may be good place to look for
evidence of New Physics:
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Why study the Top Quark?

= Top quark discovered in 1995 at the Tevatron
= Tt is a very special particle:
— Heavier than all known particles

= Decays before hadronizing:
rTop:1.5 GeV > /\QCD

= Since mechanism for EWSB couples to mass,
top quarks may be good place to look for
evidence of New Physics:
= might affect top-quark production
= might affect top-quark decay
= might affect top-quark properties
= might "contaminate” top-quark event samples
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Why study the Top Quark?

= Top quark discovered in 1995 at the Tevatron
= Tt is a very special particle:
— Heavier than all known particles

= Decays before hadronizing:
rTop:1.5 GeV > /\QCD

= Since mechanism for EWSB couples to mass,
top quarks may be good place to look for
evidence of New Physics:

= might affect top-quark production

= might affect top-quark decay

= might affect top-quark properties

= might "contaminate” top-quark event samples

= Tevatron program explores all
these possibilities
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"t‘E Top Quark Production at Tevatron

* QCD pair production ~85% ‘o ~15%
ONNLO = 74792 57 pb / "“‘
(for my,,= 172.5 GeV) \ )
JHEP 0809, 127 (2008) f 9"

t

t
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Presenter
Presentation Notes
Single top Associated production tW  too small at the Tevatron 
Single top identification is challenging ➡  huge background


)
4= Top Quark Production at Tevatron

= QCD pair production ~85% ¢ ~15% f
ONNLO = 7-4 7% o7 pb /
(for mr,,= 172.5 GeV) \ ) .
JHEP 0809, 127 (2008) f 9 t
s-channel t-channel
e EWK single-top production ~33% ~67%

~p

"
> s-channel: o 5= 0.9 pb ! g t
> t-channel: o, = 2.0 pb 4 w
(Both for my,,= 175 GeV) b
q’ b
g

PRD 66, 054024 (2002)

(@

= o smaller than top pair production, but = allows direct
access to V., CKM matrix element: cross section o |V,,|?
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Presentation Notes
Single top Associated production tW  too small at the Tevatron 
Single top identification is challenging ➡  huge background


SM predicts BR( t — Wh) & 100%

O e-e(1/81)

B mu-mu (1/81)
M tau-tau (1/81)
Ee -mu (2/81)
® e -tau(2/81)
B mu-tau (2/81)

E e+jets (12/81)

B mu+jets(12/81)
B tau+jets(12/81)

O jets (36/81)

Jet

b jets are o
a I Ways Decay lifetime %
p r‘ es e nT Primary vertex /Lx/y £ // 1 PR

/
3
do v~
Prompt tracks

W+

For ttbar pairs:

Event topology determined by the
decay modes of the 2 W's in final
state. Always b jets are present

=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%

HQL2010 Frascati, October 14t 2010
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Presenter
Presentation Notes
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

High purity sample, good test of sighal model

CDF Run Il Preliminary (5.1 fb™)
I ]

CDF Run Il Preliminary (4.8 fb™)
| T B

[ Itt(c=74pb)

[ wwiwzizz ]
[ |'DY+HF —
I DY+LF ]
[ Fake

Events

>2jet  HT>200+0S 1jet (Hi%gios)
<€ >
Control  Signal region CDF (4.8 fb1, m,= 172.5 GeV), b-tagged,

o,(dil)=7.25+0.7(stat)+0.5(syst)+0.4(lum)pb

CDF (5.1 fb't, m=172.5 GeV), pre-tagged,
o, (dil)=7.4+0.6(stat)+0.6(syst)+0.5(lum) pb
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Signal/background discrimination   343 pre tagged candidates – 137 tagged 
• CDF: Ht and MET significance cuts, or b-tagging

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

Pre-tagged sample, NN discriminant

N, >3 CDF Il Preliminary 4.6 o'
e —

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

xd

500

-+

0.9 1
NN output

B-tagged sample, counting events

Run Il Preliminary L = 4.3 b

M ata
B

I single Top
 WwsnF
Pwarr
. MNon-W
Pz+iets

top

800—

Events

1 Jet 2 Jets 3 Jets 4 Jeg =5 Jets

CEon’rr'ol 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: 0 =Reo

theory
z

CDF (4.6 fb't,m,=172.5 GeV), pre-tagged
o, =7.82+0.38(stat)+0.37(syst)+0.15(theo) pb

CDF (4.3 fb-l,m=172.5 GeV), b-tagged:
0,,=7.32+0.36(stat)+0.59(syst)+0.14(theo)pb

Combined: o, = 7.70 + 0.52 pb PRL 105 012001 (2010)
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Presenter
Presentation Notes
The two measurements are combined using a best linear unbiased estimate
The result is consistent with the standard model next-to-leading order prediction
7.45 +0.72-0.63 pb Moch Uwer 2008 Delta th: 9.7%
Delta = 6.7%


Missing energy plus b jets

= MET + jets:
= Independent from "lepton+jets” channel

— Interesting channel to searches for new physics (i.e. low mass Higgs)
= 2or 3 identified jets, at least one b-tagged jet
= NN tfrained against QCD background

= Another NN to isolate top pair from remaining background
CDF Run 11 Prellmmary L 5.7 fb! > 1 b tag
- -Top Pair -Smgle Top .leoqon .
B I Multijet  [Z]W+LF [JW+HF |
[ ]z+LF [ ]z+HF ~DATA

CDF (5.7 fbt, m=172.5 GeV):
oy = 7.12 *1.20_ . (stat+syst+lumi) pb

Events/0.2
g
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Presenter
Presentation Notes
It is one of the most sensitive channels for low mass Higgs, or SUSY/leptoquarks


Measurements of o,

= Experimental uncertainty: Aa/o ~ 6.5%

= Dominant exp. uncertainties: JES, b-tag

accept., W+bjet background

=G is measured in all final states: first step of

any analysis studying the top quark properties.

= Tevatron combination underway

M Cacciari et al., arXiv:0804.2800 (2008) ‘Assume m '=1 795 Gev',cz
Kidonakis & Vogt, arXiv:0805.3844 (2008) t
1 Moch & Uwer, arXiv:0807.2794 (2008)
Dilepton

C 5.1 1% 7.40+0.58 + 0.63 + 0.45

tht

Lepton+jets (topological)

(e 3815 7.82+0.38+£0.37+0.15
Lepton+jets (b-tagged) i

(o430 7.32+0.36+ 0.59+ 0.14

e

All-hadronic

=20 1) 7.21+0.50+ 1.10+ 0.42

AL iy

MET+>3jets

(L2221 7.99+0.55+0.76 + 0.46
RS % 7.11+ 0.49+ 0.96+ 0.43

' (stat) = (syst)  (lumi)
| | \ | \ | |
4 5 6 7 8 9 10 11 12

o(pp — tt) (pb)

o(pp — tt) (pb)

N Data

N Background

Oy =

Acc j Ldt

chan

Consistent across

nels, methods

CDF Run|l
m=175 GeVic? with 0.11

CDF Run Il Preliminary 3
fb! m,=172.5 GeVic? with 4.6 fo ™

------ m=170 Gevic’ MRST 2002
------ m=170 GeVic® CTEQEM
------------ m=175 GeVic? MRST2002

— =175 GeVic” CTEQEM

------- m=170 Gevic® MRST2006nmI
------- m=170 Gevic” CTEQE.5
------------- m=175 GeVic® MRST2006mla

m— =175 GeVic® CTEQE.S

Cacciari et al. JHEP 0404 {2004) 063

Cacciari et al. arXiv:0804.2800 (2008}

1800

1960
\s (GeV)
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Presenter
Presentation Notes
sttCDF  =7.50 ± 0.31 ± 0.35 ± 0.15 pb 



Single Top Production

CDF Run Il Preliminary, L=3.2fb"

SOOU -_ Al detectors
[ Elschannel |
0)4000 N -:::?;:al i
s b el
(53000 _ = |
~ - 7 - CDF Data :
- M ,
2000 f > e
s: 1 high-P; lepton + 2 b-jets + missing-ET S00l |
t: 1 high-P; lepton + 1 b-jet + 1 other jet + missing-E&
0

W+1jet W+2jets W+3jets W +4jets
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Presentation Notes
Multivariate techniques: boosted decision trees, matrix element reconstr., bayesian neural networks, likelihood discriminants



_ R e el

4000 | w1
= 2 i |

= W Z+jets
L:)ISOOO % =Eiboson ]
o 7 ¥ CDF Data :
3 i 4+ Sys Uncert | 4
22000 | Z 3
M . . . % : :
S: 1 high-P; lepton + 2 b-jets + missing-ET S000l iiiiiiiiiiiii; -— =4

t: 1 high-P; lepton + 1 b-jet + 1 other jet + missing-E
0

W+1jet W+2jets W+3jdls W+4jets
7’
’

Top-pair has better s/b and very
distinct final state:

— Counting experiment after
b-quark tagging ‘fairly easy’
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Multivariate techniques: boosted decision trees, matrix element reconstr., bayesian neural networks, likelihood discriminants



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

Single top hidden behind large backgAr'ounds
with large uncertainties

—Makes counting experiment impossiblel
—s-channel single top has the same final

state as WH—Ivbb
—benchmark for WH Higgs search!

_Candjdate Events,_

(=}

(=) \ <
T R
\

\
\
| -
I e Esiiigs
I |gE E5733
=
_|)...|....|....|....|

g-

Diboson

W+1jet W+2jets W+3jdls W+4jets
7’
’

Top-pair has better s/b and very

distinct final state:
— Counting experiment after

b-quark tagging ‘fairly easy’
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Multivariate techniques: boosted decision trees, matrix element reconstr., bayesian neural networks, likelihood discriminants



_Candjdate Events,_

3
olTl\o c

L LN LA
\

\

\

\

I -

| O=gNEZS 2
| cp EPEi9%S
_|)...|....|....|....|

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

Single top hidden behind large backgrounds

Diboson

W+1jet W+2jets W+3jdls W+4jets
’

with large uncertainties
—Makes counting experiment impossiblel
—s-channel single top has the same final

state as WH—Ivbb

Top-pair has better s/b and very

distinct final state:
— Counting experiment after

b-quark tagging ‘fairly easy’

—benchmark for WH Higgs search!

significant signal-background separation
— Perform multivariate analysis (MV)

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

— take advantage of small signal-background separation in many variables

HQL2010 Frascati, October 14t 2010 20
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Presenter
Presentation Notes
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
For M,,, = 175 GeV/c?

..I_._

S-Channel

Likelihood, Function
(3.21")

Neural Nefwork B —-CDF Data
3.27b inati . 10
(. J > SD + MJ Combination c O Single Top
Matrix Element = Q 1 03 - S
(3.2 g o5 > Ot 2
Likelihood, Function a o,,=23 7. pb w OW+HF ke
o2 g 2 EWLF 3
Boosted Decision Tree 3 © 02 a
(221 - = 1 [l Other P
Combination (Lepton+Jets) o — hat
_5 s :
MET+Jets, s © =
(211 8 O 10 £
L
(=]
=

Combination (All Channels)
)

(3.2 fb |

W + 2 and 3 Jets, >1 b Tag

The various MV methods give consistent results
Combine the separate MVAs into one, more
powerful discriminant

4 6 8 10

1
5 0 5

Single Top Production Cross Section (pb)

Single Top Quark Cross Section o, , [pb]

PRL 103, 092002 (2009) 1§

0.2

0.8
Super Discriminant

04 0.6

Lumi (fb-1!)

Cross Section(pb)

Exp Signif

Obs Signif

CDF 3.2

2.3 %% 55

5.90

5.0c

Tevatron (3.2 fbt), fb-t,m=175 GeV :
0, =2.76 *0-58  _ (stat+syst) pb
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‘ Direct |V,,| measurement

=Using cross section result to measure [V, | 6 e 10p = Vo l?
= Assume Standard Model (V-A) coupling and
Vi | > |Vigl, [Vig | (from BR(+ ->Wb) meas.)

= Measurement assumes SM production mechanisms, does
not assume 3 generations or unitarity

9 O'mea,s V 9 1
— ' CDF Run Il Preliminary, L=3.2fb
| Vs, 50| _ 3

OSM
| |Vy|= 0.91 £ 0.11 (stat+syst) + 0.07 (theory)

V,,[>0.71 at 95% C.L.

Best direct measurement of V;:
Tevatron (3.2 fb1): - 95%

|V,,|=0.91 + 0.08 (Stat+syst) 0 0.2 0.4 v, 0.6 0.8

‘V;Sb,meas

V| >0.71 (95% C.L.)

Posterior Probability Density

HQL2010 Frascati, October 14t 2010 cc Sandra Leone INFN Pisa




Top guark mass

. LEPEWWG
M., is a free parameter of the o
S-'-andar‘d MOdeI { —LEP2 and Tevatron (prel.)
80.5 LEP1 and SLD

. . > ]
Since M, is large, quantum loops 8,
involving top quarks are important =

to include when calculating precision
observables (e.g. sinB%, R,, My, ...)

80.3 1

150 175 200
m, [GeV]

= Within SM, with the measured W mass constrains the mass of
the Higg through radiative corrections
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Presentation Notes
World top quark mass and W boson mass included, from LEP/TEVEWK working group summer 2010: no direct Higgs searches
MH = 89+35-26 GeV  at 68CL MH < 158 GeV @ 95% CL
		MH< 185 when including LEP lower limit of 114
Massa esclusa: 158-175 at 95% CL



Top mass: most precise single result

*The probability of being
signal or background is

calculated per event as a
function of My,

=Jet Energy Scale is
reduced by measuring
simultaneously with M,,,

*Matrix Element Technique in Lepton+Jets channel:

CDF Run Il Preliminary 5.6 fb”

— A(

JIII|IIIIIII|III|III|III|III|II

InL)=-0.5
InL)=-2.0
InL)=-4.5
| -

170

171

172 173

175

174

m, (GeV/c?)

This is the best individual fop mass measurement in the world to date

CDF (5.6 fb-):

m,=173.0£0.7(stat)+0.6(JES) +0.9 (syst) GeV

HQL2010 Frascati, October 14t 2010
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CDF top mass summary

CDF Top Mass Uncertainty
CDF Top Quark mass (*Preliminary) (all channels combined)
10
All-hadronic J w. 1fb' 2fb' 5fb" 10fb"
(Run ) 186.0+£10.0+ 5.7 2 i | ! |
o e & *
ilepton =
(Run ) 167.4+£10.3+4.9 g
o S — =
; =Y O . S
op ot 1761451453 2 T cor Resute
—_——— B * Run lla LJ goal (TDR 1996)
. NL. )
it TosE22za T St o
— INCETEEEEEeS AM/M, = 1GeV/c?
Lepton+Jets (Lxy+lepton p_) L] Ll Lol
(1.9m7) T 175.3£6.2+ 3.0 102 10° 10°
. = Integrated Luminosity (pb™)
Lepton+Jets
. 173.0£0.7x1.1 . °
(sew - = Current CDF precision = 1.2 GeV/c? AM/M~0.67 %
All-hadronic
,, 1748+1.7£1.9
(29"
2 = Have surpassed Run IT goal by a factor of > 2
O e 10 1731407+ 0.9 ) . , , .
«o: o= | w1 GeV/c? precision might be possible without any
x¥/dof = 3.8/6 (70%) . _
| | | | 77 | improvement at 10 fb-!

150 160 170 180 190 200

My (GEVIC) Tevatron July 2010 combination:

Consistent across S sunf ~ My, = 173.3 £ 1.1 (fotal) GeV/c?
channels and methods 5 AM/M ~ 0.61 %
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Presentation Notes
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?
Some of the systematic uncertainties limited by statistics of calibration control samples
 Ongoing work on improving systematics
 With full Run II data set could reach a total uncertainty of ΔMtop~1 GeV/c2




= Mass measurements unt

technique in the lepton+

® Top Anti-Top Mass Difference
= If CPT is conserved, Mt = Mtbar

il now have held this assumption

= Similar techniques tfo mass measurements: template

jets channel

i_i'm COF Run Il Preliminary {5.8 16"}

~ 20 deviation
T — from Standard
A My, (GaV/c Model

AM = - 3.3 + 1.4(stat)+1.0(s

yst) GeV/c?

HQL2010, Frascati, October 14t 2010
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Top Width

= Top decays very quickly:
— No direct detection -> its properties from decay product
—SM predicts 'y, = 1.3 GeV

= Direct measurement:
—Reconstruct top mass event-by-event in lepton + jets
—Extract width from fitting data to templates

Reconstructed top mass 1-tag L+jets

] \ |"I. &,
3 .‘__“-- J|_‘- J_|_ _L",--' vy

L =4.3 fbl % i
First direct bound of o.001 P
top quark width: 0.04] — Top= 20066V
Myop < 7.56eV @ 95% CL. m}
Tiop > 8.7 x 1026 s @ 95% C.L. l:

E

0.3« Ty, < 4.4 GeV @ 68% CL. B s TE
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Top anti-Top Spin Correlations

= Top spins are correlated only if top lifetime is short enough
= TInformation on of the spin carried by the decay producTs

"

t *
M ....... helicity basis | /ﬁ

opposite sign helicity same sign helicity

_NOD AN - N N _ No — N
NT)+NULD+NTD+NAT) No+ Ne

= SM predicts k=0.78 NPB690, 81 (2004)

= New physics could change the spin-correlation parameter
PRD 45 124(1992), PRD75 095008 (2007)

k related to decay products angle through: " Y
1 d?o _ 1+ kK cosftcosd™ where: J.--'-}; Beamline
o dcosf+dcosf— 4 ".E- Top Rest Frame
¥
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In leading order QCD, top production is symmetric; at NLO, top quark is repelled at high rapidities by soft Coulomb field of incoming light quark, anti-top is simultaneously attracted at low rapidity
Kane Ladinsky Yuan  
Arai Okada Smolek Simak


Top anti-Top Spin Correlations

Lepton+Jets Channel

| Helicity Basis Bilinear Cos(6,)*Cos(8,) L=5.3 fb! |Beam Basis Bilinear Cos(6))*Cos(6,)
240 :_l L I UL | LB I LI I T I L I L I T I L) T m T 1 1 I T 'I T 1.1 I T .71 r L L L 'I T 1.7 r T T r T 1 'I T 1.7
220F-  CDF Run Il preliminary L=5.3 fb" [ | opposite Helicity 220 CDF Run Il preliminary L=5.3 1b” [ ] Opposite Spin
200 ;_ - Same Helicity oo - Same Spin
:::zg_ I:I Backgrounds () . 180 D Backgrounds
140 3 + —e— Data = e Dala
2 K: 0.48 +/- 0.48 +/- 0,22 . B SRR LR
g 120 g 120
w - w
100 100
8O- 3 80 4 -
60 ;— | _ 60 -
40 ;_ 4 40 J . _ﬁ
20F- s 20 %
T Sa e o s o D D e == R = O S e
1 -08 -06 -04 -02 0 02 04 t::.gsmgéa“(ﬂ =|)1 1> %8 %s 04 02 o 02 0 oF {El}q f._-,,{g J
Basis NLO Expectation | Measured

Helicity

kK =0.35

k = 0.48 + 0.48stat + 0.22syst

Beam

k=0.77

k= 0.72 + 0.64stat + 0.26syst

NPB690, 81 (2004)
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Forward-Backward Asymmetry

= TInleading order QCD, top production is symmetric.

= NLO QCD predicts small asymmetry:
= Aq= 3.8+ 0.6 % inlab frame
= A= 5.8 £ 0.9 % in ttbar rest frame

= New physics could give rise to a bigger asymmetry (Z” ,axigluons,..)

BACKWARD FORWARD
Necos ®>0 — Necos @<0 __ N&Y}D B N&Y{:D

N-:c:-s ©=0 + N-:c:-s <0 NﬁY}D -+ Nﬁ.Y{:D

= Reconstruct the rapidity of top and anti-top quarks
" C0S Opppgr U Yy = Yipg =AY

HQL2010 Frascati, October 14t 2010 30 Sandra Leone INFN Pisa



Forward-Backward Asymmetry

'Qlep X Yhad

After unfolding to parton level:

Reconstructed Top Rapidity (Lab) L=5.3fb! ) Recc""s"ucfed T°‘p‘ Rapidity Difference
2 F PTTITTEITT I ‘ - - AD*= = 0,057+ 0.028
t CDF ||| Prellml‘nary . Data ‘f‘ =0.073+0.023 S 450 7CDII_= I 5Pg}el;bmmary tl?ritaék .

£ 400 L=53f" it + Bkg ADS9 = 0019+ 0.0025 o E Bkg 2 Afsb o -0.011+ 0.0025
w - g ASE"S! = 0 0085 + 0.0021 400 AR =-0.013+0.0021
350 A€ = 0,054+ 0.0082 . + Ag® = -0.0051 0.0082

- I — 350 —+ - =

300/ l = B ]

r ] D 300 -

250 - B .

r + . 250 -

2000 = - g

: ; ] 2000 | —— E

150 = 150E- B

1008 —+— E 1000 =

C —+— . o —— -

S0 E 50F —— -

B . ] [ \: E - E

% 45 4 05 0 05 1 15 2 05+ —“2— 1 o _“—' ~

Qlep X Ay

Afb Measured MCFM Predicted Signif. from O
Lab frame 15.0 + 5.0stat + 2.4sys% | 3.8 + 0.6% 2.7
t-tbar frame | 15.8 + 7.2stat + 1.7sys% |[5.8 + 0.9% 2.1
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Search for Heavy t'

= Why are there only 3 generations? No theoretical reason
= Heavy t’ production

= suggested in 4th generation models, little Higgs, eftc.

= Search for t't” in Lepton + Jets, treat t° as just a more massive top
quark (1t = Wq , where q is a down-type quark q=ds,b)

L=46fb

N ; : :
3 A
ol corRin 2@ | CDF Run 2 (4.6 fb)
> 4102 { Observed 'E. 1 PFEIIITIII"I&IT.
S ot o t'—Wgq, = 4 jets
S o1 B oo EW s Ht vSs. Mrgco VS. Niet
2 1
$ ‘2 0.1
@ 100} B s of observed
expected 95% CL
10-1 upper limits
0.01 theoretical prediction
0 100 200 300 400 500 . Blﬂr'lclam f:t al. . .
Mioco (GeV) 200 250 300 350 400 450 500
CDF (4.6 fb-1): t' mass (GeV/c?)

M(t") > 335 GeV/cZzat 95% C.L.
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Events

Search forb” >+t W -> WWb

Signature is very energetic events, with many jets
search in lepton +jets, high Hy, high jet multiplicity
Largest background is t1+jets

L =428 fb!

> 2 _T — AN T T T T T T I c
CDF Run I Preliminary L = 4.8 fb! = b ags =) AR
T T = .68% B
E 6 Jet E 7 Jet SR E | [Jos% Be
: : s 1 --- Theory
' ' 2
: : E = (Observe d
' ' @]
' : @ Data
. ' Bg Unc.
. ; Il Top (7.4 pb)
' : Single Top :
: : - w + Ii[l- 1 | | | | ‘."u | | | |
- . B Mistags 300 320 340 360 380 400 420 440 460
10! : : Bl Non-W Quark mass [GeV/c?]
| Bz + jets
' Dirboson CDF (4.8 fb-1):

o0 15300 30 20 30
Jet-] |.r [CeV

=]

M(b") > 385 GeV/c2 at 95% C.L.
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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 0.6% precision

= Single top quarks have been observed, Vi directly measured
— Many top measurements are statistically limited
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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
Studies of top properties  and the Wtb vertex require good detector understanding and 1-10 fb-1 to reach maturity
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Summary and Outlook

= 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 0.6% precision

= Single top quarks have been observed, Vi directly measured

— Many top measurements are statistically limited
= CDF expects to analyze ~ 10 fb! of data by the end of 2011

of events

= Top quark production and decay are currently being studied at Tevatron

= Run ITT would provide the opportunity to do precision top physics being
complementary to the LHC, and having by 2013 roughly similar number

TG,
"o
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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 0.6% precision

= Single top quarks have been observed, Vi directly measured

— Many top measurements are statistically limited
= CDF expects to analyze ~ 10 fb! of data by the end of 2011

= Run ITT would provide the opportunity to do precision top physics being
complementary to the LHC, and having by 2013 roughly similar number
of events

= 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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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 0.6% precision

= Single top quarks have been observed, Vi directly measured

— Many top measurements are statistically limited
= CDF expects to analyze ~ 10 fb! of data by the end of 2011

= Run ITT would provide the opportunity to do precision top physics being
complementary to the LHC, and having by 2013 roughly similar number
of events

= Tevatron's top physics program and understanding of systematic
effects will continue to play a significant role for years to come

Thank youl

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

For more information:

= Top Physics Results at CDF

. http://www-cdf.fnal.gov/physics/new/top/top.html
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https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResults#TOP_physics

http://www-cdf.fnal.gov/physics/new/top/top.html�
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HQL2010, Frascati, October 14t 2010 40 Sandra Leone INFN Pisa




@Y  t-tbar + jet Cross Section

= First 6 measurement of t-tbar associated with an additional hard jet
= Important 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 3, pb (EPJ €59 625 (2009))

“E Run Il Preliminary L = 4.1 fb™ - . ﬂ
E .Dala éummgr + 1.5
B+ o) (5.50) 2 OO 9 - r COF Run Il Preliminary L = 4.1 fly
—Pithey — b+_ ’F M 68% CL
1000 [ single Top E .95; oL
2 > W +HF )5k o
I Mistags o
I Non-W E
2F
1E
0.5 f—
1 Jet 2 Jets 3 Jets 4 Jets =5 Jets g:“--lru-lu--ln-ul-
4 4.5 5 5.5 6 <+
Gyt + O]
- — . T+ 0
CDF (4.1 fb't, m=172.5 GeV): !

o, (tt+))=1.6+0.2(stat)+ 0.5(syst) pb
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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. 


Top mass: most precise single result

CDF Run II Preliminary. 5.6 fb™!

Background 1 tag = 2 tags
non-W QCD 50.1 £ 25.5 5.5 4+ 3.8
W tlight mistag 48.5 £ 17.1 1.0+ 04
diboson (WW, WX, ZX) 105 £ 1.1 LO£ 0.1
£ — I+ jets 0.9+ 1.3 0.8 £ 0.1
W+ bh 67.5 £ 23.9 129 £ 4.7
W+ ek 41.3 £ 14.8 1.9 £ 0.7
W4e 207 £ 74 0.9 £ 04
Single top 13.3 £ 009 4.0 £ 0.4
Total backgronnd 2618 £ 606 | 28.0 £9.6
Predicted top signal (o = 7.4 pb) | 767.3 £ 07.2 | 276.5 £ 43.0
Events observed 1016 247

CDF Run II Preliminary, 5.6 fb~!

Svstematic source

Syvstematic uncertainty (GeV /")

Calibration 0.10

MC generator 0.37

ISR and FSR 0.15
Residual JES 0.49

-JES 0.26

Lepton F 0.14

MhMultiple hadron interactions (.10
PDFs 0.14

Background modeling .34
Gluon fraction 0.03

Color reconnection 0.37
Total .88
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Top quark width

Evans idGavo )
B B
T ]

5
I

40

1-fag: 542 events
& [Data

[ ] signal+Bkgd

EEH Bxad only

COF i Frefiminary (4.3 6" )

750 200 50 300 350

me=e (GeV'c’)

Evanrsd 10 Ga¥io’)
5 ] P!
| | I

5
|

T —

750 B 50 F00 350

2-tag: 214 events
& [Data

[ ] Signal+Bkgd
[ Bkgd only

COF i Prefiminary (4.3 0" )

me== (GeV'c’)

40—
L CDF Run Il preliminary 4.3tb”
20 = —=— data fit wo systematics
B —~— data fit w systematics
L s Aivs T W/O Systematics
L i x  AMxlus Ty W/ Systematics
<1 20—
10—
i &
- A
Paasta £
L I I I |
0 5 10 15 20
T mu’GEY
input

Summary of shift top width due to systematic effects. All numbers have units of GeV'.

CDF Hun II Preliminary, 4.3 fb~!

Svstematic [LseV ) AT g
Hesdual JES 0.3
Jet Resolution 1.1

Generator: 0.4

PDF= 0.3

b jet enargy 0.2
Background shape 0.1

gg fraction 0.3
Radistion 0.2

Lepton energy 0.2
Multiple Hadron Interaction 0.3
Color Heconnection 0.9
lotal Effect 1.6
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Forward-Backward Asymmetry

An(2y)
1 2;CDF Il Preliminary Data Afb
f & L=531" Data-Bkgnd Afb
Parton-level Afb
B MCFM Prediction
1
- 0.021 £0.031 0.208 £ 0.062
0 8; 0.029 £ 0.040 0.291 £ 0.090
"L 0.026 £0.104 0.611 +£0.209
 0.039 £0.006 0.123+£0.018
0.6
0.4
0.2—
B I I I I | | I | ‘ I | | | | | L1
0 0.5 1 1.5 2 2.5 3
gAY =y -y

Study rapidity dependence using A,

Ay<1.0: A, = 0.026 +0.104,__ +0.055

sust

Ay>1.0: A, = 0.611+0.210,, +0.141,
MCFM : 0.039 +0.006 (<1),0.123 =+ 0.018 (>1)

HQL2010, Frascati, October 14th, 2010 44

Sandra Leone INFN Pisa




W helicity in top decays is fixed by M;,,, My, and V-A structure of the
tWb vertex. It is reflec‘red in kmema’rlcs of W decay products.

W helicity states: ﬂ 1 .
1 b 4
|eft- handed longitudinal right-handed
fraction: f. fraction: f, fraction: f,
In Standard Model: ~30% ~70% suppressed: ~0.036%

=, Measure angular distribution of charged 3 ..

lepton wrt. top in W rest frame: cos6*
l+

-, heg. direc-

b <

" tion of top
BLM'II|||||||||||||||||-Il-: i il T T O |
-1 08 08 D& D2 -0 0.2 0.4 [IE 0.8 1
*
coso
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=Using Matrix Element Method, express probability of each event in
terms of ttbar and background (W+jets) production

=Use the probabilities to compute a log-likelihood function in terms of
the helicity fractions and the signal purity coefficient

CDF Run Il Preliminary (2.7 fb")

[t (f,=0.7,f,=0)
| I EW

gis Non-W . .
" B weign Results consistent with

[ W+Charm

[ ] W+Bottom The STGndGr‘d MOdel

120

Events

100
80—
. data

60|

a0~

60 -55 -50 -45 -40
Log(Prob,,, ) (CEM, CMUP, CMX)

Method f+ fo

Simultaneous -0.15 + 0.07stat + 0.06sys | 0.88 + 0.11stat + 0.06sys
Fixed f+ 0.00 0.70 + 0.07stat + 0.04sys
Fixed FO -0.01 + 0.02stat + 0.05sys 0.70
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Search for t'

103

events/25 GeV

+20

difference
R o

102}
1u"=
1nﬂ.

10-1

events/25 GeV

101}

100}

-  CDFRun2(46fb") 1 Ot Eratiminay ) P Observed
: Prelimina ! 't
ry t Observed : —
102f I W+jets, EW

i QcD
t' (450 GeV)

* +L*+'_|.‘4H‘_L
0 100 200 300 200 500 0 200
Mieco (GeV)

N
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