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CDF Experiment and Data
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" Runl (1992~1996): ~110 pb, 1.8 TeV
" Run I1(2001~2010): ~7.0 fb1, 1.96 TeV
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1 km Radius Ring

36 x 36 bunches, 396 ns spacing
280 Billion protons/bunch
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Run I1
Delivered 10.6 fb!
Recorded 9.5 fb!
Produced 8.2 fb!
Analyzed 4~6 fb!
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Top quark in the SM

Periodic Table of the Particles
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Many top properties
measurements just
beginning to have
sensitivity: lots about
top still to
understand!

DIS 2011 (April 14)

ross section
resonance productio

decay kinematics
t'—=Wq search
T—tAp search

Op Mass
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op charge

pranching ratio
FCNC
—H*b,ty
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® [n the SM: Br(t -Wb) ~ 100%
® Decay channels classified by W decays

® Jop pair decay channels ([=e, 1)
® Dilepton: IVIVbb (5%)
® Leptontjets: [vqqgbb (30%)
® All-hadronic: qqqqbb (45%)
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Top Pair Decay Channels
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~85%
q t

Strong Pair Production at the Tevatron

~15%

g t

Cross section (barns)
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How is top produced?

Total inelastic

[\

10
- mb
10% bb
10° Fub
W
16°
- NP 7
10—10 ]
tt

Higgs (ZH + WH)

120

140

6x 10°

4000
400

©

160 180 200

Higgs mass (GeV)/c2

One top pair each 101 inelastic collisions at Vs = 1.96 TeV
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Top pair production
Cross section

DIS 2011 (April 14) Chang-Seong Moon, Seoul National University 7



1op Pair Production Cross Section

o(t) = o Nt S OHRTESEERTARE

Luminosity * €
y t-tbar!

CDF Run Il Preliminary (5.1 fb™ \ CDF Run Il Preliminary (4.8 fb™)
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®  Only SM top? - i i - -
® By heavy particles? sof b
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0jet 1 jet >2jet HT>200+0S ° 1 jet =2 jet
(HT>200+05)

O; =7.40% 0.58(star) £ 0.63(syst) £ 0.45(lumi)pb | (For pre-tag)

o, =7.25% 0.66(stat) + 0.47(syst) £ 0.44(lumi)pb | (For b-tag)
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1op Pair Production Cross Section
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% Signal is W— v (hadronic decay) or missing lepton + jets

® Reject events with found leptons

" NN selection and template fit to 3 jets

of hadronic top decay
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Top mass in all hadronic channel

" NN selection and Template fit method ~— _ _ CPFRuntiPreliminay 58t
. . . g 220 ;— 1-tag events
® Kinematic fit and b tags pick out best f 24 8 2a0f- —+— Data
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CDF Top Quark Mass (*Preliminary)
©
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Wil /Z |Wi| in CDF combination

Analysis

M, =172.70 £ 1.09 GeV/c?

® Fquivalent to a 0.63% precision

® Separate channels consistent
with each other at >20% level

Chang-Seong Moon, Seoul National University
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Top quark properties
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Mass difference between t and tbar
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Top quark charge

® Lepton + jets events with two b tags

® Use kinematic fit in to choose best combination of Wb and Wb
® Flavor tag b jets using soft leptons or jet charge
® Compare probabilities for Q=+2/3 vs. -4/3 solutions

CDF Run Il preliminary L = 5.6 fb™
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m Compare to MC trials
m  Consistent with SM at 13% CL
B Fxclude Q=-4/3 @95% CL
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W boson polarization in top decay

0.8 = lgft-handed

I, q *
. [ap] === longitudinal
Splll= 1 / Z :s L rig:lfhanded
W+ S %0.6 [ — sur (SM)
Spin=1/2 v a‘ [ -
t an : 0.4}
i \ 3 [
0.2F &

‘ ~ - /‘\V_A [ &

b 0 -".. | 1
Spin=1/2 ", -1 -0.5 0 0.5 1

cos §
®  The SM top decays via EW interaction: Br(t — bW) ~ 100%
® Top decays as a bare quark = spin info transferred to final states
" V-A coupling in the SM = F,=BR(1—>W,b)~— :_"Z’M; ~70%, F. ~30%, F,~0%
® Jongitudinal fraction f0 ~ 70% t
® left-handed fraction f- ~ 30%
® right-handed fraction f+ ~ 0%

m  The SM prediction modified in various new physics models

® W polarization fractions are sensitive to non-SM tWb couplings

m  Use cos0* : Angle between lepton (down-type quark) in W rest frame and the
momentum of the W in the top-quark rest frame

DIS 2011 (April 14) Chang-Seong Moon, Seoul National University 17



Result from lepton+tjets events

CDF Run Il Preliminary (2.7 fb")

= Simultaneous measurement: wt
» f,=0.88 £0.11 (stat) +0.06 (sys)
o f.=-0.15 £0.07 (stat) 10.06 (syst)
» Correlation coefficient of -0.59

—68.27% CL
----- 90% CL

» As measured central values are unphysical °°|
use Feldman Cousins (FC) method to obtain J—
confidence level intervals 1
» Model dependent measurements: 2 Y :

1:0
FC Contours include

stat+syst uncertainties

» f,=0.70 £0.07 (stat) £0.04 (syst)
constraining f.=0.0

o . =-0.01 £0.02 (stat) £0.05 (syst)

constraining f,=0.7 Published for PRL publication
Upper limit at 95% CL : f,<0.12 FERMILAB-PUB-10-041-E,
Phys. Rev. Lett. 105, 042002 (2010)
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Result from dilepton events

® Used 343 pre-tagged di-lepton candidates (304 passed reconstruction) with 5.1 b
and 137 b-tagged events (118 passed reconstruction) with 4.8 fb!

| For pre-tagged events |

CDF Run II Preliminary (5.1 ﬂr'IJ

" Simultaneous measurement: 14.,5_2.‘?5 Teat 078 SO
®  Before b-tagging : 2P =073" g:ﬁ(st.at) + 0.06(syst) S:z:: | %gfo;im)
e [ DY — eeuu
20 =—0.08 & 0.09(stat) £ 0.03(syst) £, —bi
. . - g i
»  Afier b-tagging . {2V = 0.78 T [50(stat) £ 0.06(syst) e
_?_U = —0.12 i_ gié(htﬂt) T 0[)4(-‘1}'51:} 07 08 -05 -D4 -D2 cogﬂ* 02 04 06 ‘ 08
®  Model dependent measurements: {;: e— R
®  Before b-tagging : f3" = 0.60 £ 0.09(stat) £ 0.06(syst) gﬂ: — .
D — (.06 & 0.04(stat) + 0.03(syst) 2 o '
» After b-tagging A f4” = 0.62 £ 0.11(stat) 4 0.06(syst) M 4
10— .07 + 9% (stat) + 0.03(syst) " :
® Determined upper limit on f+<0.07 at 95% CL L A R S
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Spin Correlations in L+Jets Channel

® Decay product momenta N L
distributed according to )

1
J1 (cos b)) = 5(1 + A4.cosb)

/ Quantization axis

p Top Rest Frame

® 0. is angle between decay
product momentum and
chosen spin quantization axis

® Analyzing power A, is the Lepton +1.0
strength of the correlation Down +1.0
between the decay product Bottom 0.41
momentum and the top spin Up 0.31
G. Mahlon and S. Parke, Phys. Neutrino -0.31

Rev.D 53, 4886 (1996)
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Results In Helicity Basis

Helicity Basis Bilinear Cos(6)*Cos(6,) Helicity Basis Bilinear Cos(6)*Cos(6,)
240 —_ T I T T T | T T T I T T T ‘ T T T ‘ T T T I T T T | T T T I T T T | T T _— 240 —_ T I T T T | T T T I T T T ‘ T T T | T T T I T T T I T T T I T T T | T T _—
220F-  CDF Run Il preliminary L=5.3 fb" [ oppostte Heiicity 3 220F-  CDF Run Il preliminary L=5.3 fb" [ ] opposite Helicity =
200 ;_ - Same Helicity _; 200 ;_ - Same Helicity _;
180 = \:l Backgrounds = 180 = I:l Backgrounds =
160 3 160 3
- —e— Data - - + —e— Data ]
8 140 + = @ 140 =
t C Kk:0.48 +/- 0.48 +/-0.22 1 = = K:0.48 +/- 0.48 +/-0.22 1
21201 3 2120 =
L - - L C ]
100 — 100 —
80 = 80 —
60 — 60— —
401 — 40 =
20 = 20 =
o 1 0708 06 -04 -02 1

06 0.8 0.6 .8
cos(6)*cos(0, cos(6)*cos(6,

F,,=074+£024_+0.11 For=0.675

Sta

Kot = 048 +0.48

Syst

+022 gheory — () 35

stat — ©° Syst helicity
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Results In Beamline Basis

Beam Basis Bilinear Cos(6))*Cos(6,) Beam Basis Bilinear Cos(6)*Cos(6,)
240 :_T T 7T I T 1T T I T 1T 1 I L | T 1 71 I T 1 71 | 1 T I LI | T 1 T I T T T_: 240 :_T T T I LI | L I T 1 T I L I T T 71 I T 1T T I LR I T 1 T I T 1 T_:
220F- CDF Run Il preliminary L=5.3 fb" [ ] Opposite Spin  — 220 CDF Run Il preliminary L=5.3 fb” [ ] Opposite Spin ~ —
200 ;_ - Same Spin _; 200;_ - Same Spin _;
1801— \:l Backgrounds = 180— I:l Backgrounds =
160 = 160 =
E —eo— Data 3 E —e— Data 3
8140 = @ 140/ =
c E x:0.72 +/- 0.64 +/-0.26 c E k:0.72 +/-0.64 +/-0.26
2120 - S 120 3
w - . w = -
100 - 100 —
80 = 80— —
60 = 60— —
40— — 40— —
20 - 20 —
0 E P T = n = 0 E T 11 L1 1 =
-1 -08 -06 -04 -02 0 02 04 06 08 1 1 -08 -06 -04 -02 0 02 04 06 08 1
cos(6)*cos(6,) cos(6)*cos(6,)

F =0.86+0.32_  +0.13
Ky, = 0.72 £0.64

Fleor = 0.885

Syst

+0.26 Ko = 0,77

stat Syst beam
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" Asymmetry caused by
interference of ME amplitudes |1
for same final state

e
% The SM prediction: q%<
Z

® In tthar frame: Afbttbar = 0.05 £+ —
0.015 (QCD at NLO) B

t >
q i t
qv t
q i | g =5 t
g t

% Can be significantly enhanced in different BSM models:
® Z'like states with parity violating coupling (PLB 387, 113

(1996)), theories with chiral color (PLB 190, 157 (1987), PLB
200, 211(1988))

DIS 2011 (April 14)
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L+jets result (5.3fb)

" AY( =Y~ Yipar)
® Background subtracted, then unfolded back to parton level

m qibar = (). 58 4 0.074

Z SRR A s = 0.057 = 0.028
S 450 —data tpg = 001120003
W 400 =51 +Dbkg A, =-0.013+ 0.002
Ibkg —|— NUEA—
350 —+- g
300/ :
250(
200 | H= :
150] 5
100
- ——
50— === =
0 2 e 0 1 2 3
Ay=Y -y

DIS 2011 (April 14)

800
£ L[| —e— Daareco  A=0057=0028
&?un: —a— { Signal A =0.075=0.036
=—d—{t Parton A=0.158+0.072
6000 tf Pythia A=-0.011+0.002 |
500] —+—_+_
400 ——
: = |
3001
200 |
- »
100 N *
&
0 T
-3 -2 -1 0 1 2 3
Ay=y,-y

Chang-Seong Moon, Seoul National University
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L+jets result (5.3fb™)

Found Apz has a strong dependence on M,

Many possible theoretical scenarios where Ay depends on M,

T [ —— data %< data
> % |+ NLOtt+ bkg
O 102 I tt + bkg 40,5_—
= F [ background E - 1
& T 04
E T -
g t E
w 03[
10 = o
5 02f
N - T
D 01
- —1 ——
= e e oo T, Ly L
= 0_ —_———
- 0l l ! ! | | ! |

(%)
(=}
o

DIS 2011 (April 14

0.6

0 400 450 500 550 600 650 700 750 800
Mz (GeV/c?)

w
L

800 900
M, (GeVic?)

selection all M M < 450 GeV /e M = 450 GeV /¢

reco data 0.057£0.028  -0.016£0.034 0.21240.049
MCQNLO 0.017£0.004  0.01240.006 0.0304+0.007

Chang-Seong Moon, Seoul National Universi
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60 i i CDF Il Preliminary y, difference CDF Il Preliminary
E é.['-d'=5-1 fh'1; — Date B ILé:ll=5.1 b

Events

................ A¢=01371DI}53 -« Data

Data-Bkg

Bkg(x 1a)

20 T ..

-2 -1 0 1 |a2b o Agps = 0.137 £ 0.053(stat.)
o A.p = 0.220 + 0.075(stat.) + 0.032(bkg shape)

{1

Atrye = 0.445 + 0.152(stat.) = 0.065(bkg shape)

Confirms observation in L+jets !/
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Searches in the Top Sector
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®m 4th Generation not excluded

" Can explain A4

" Reconstruct like SM top in W+jets

®m Exclude standard model

4th-generation t' with M<358 GeV

at 95% CL.

CDF Run 2 (5.6 fb™") { Observed
Preliminary tt

3 10 b

° Wjets, EW

N I Qcb :

£ 107f t (360 GeV)

(]

>

(]

100F

§+2:: i ||H|Ill ”u I
R i

HT (GeV)
DIS 2011 (April 14)

events/25 GeV

difference

CDF Run 2 (5.6 fb)

g1 Preliminary
- t'—Wb, = 4 jets
—
1
"2 0.1 observed 95% CL 1
B range of upper limit
expected 95% CL
upper limits
0.01¢ theoretical prediction
Bonciani et al.
200 250 300 350 400 450 500
t’ mass (GeV/c?)
3!. T T T
o CDF Run 2 (5.6 fb™)
Preliminary t Observed
102F T
tt
107k W+jets, EW
I QCD
100k t' (360 GeV)
10~
+20f | -
1T
0 ¥ | | 1 I I i +
-20 |

100 200 300 400 500
Mieco (GeV)

Chang-Seong Moon, Seoul National University
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Dark matter search in T'— tX

® Search for excess ET / in tt events with decay to W+jets

HIghE{ Control Region(njets==3, £{>100 Gevic?)
T T T T

Low B Control Region(njets>=4, E£<100 GeVic?)

Signal Region(njets>=4, E{>100 GeVicd)

= ch I::E ‘ - ::E w ‘ CDF Rtln n Frelil‘ninary L=Id.8ﬂ1" 7; ::E
Il W+jets 3
-ilirl;glseo:zp ] _ Median expected exclusion
W Z+jets 8 E CDF Run Il Preliminary L=4.8fb™ +/- 1o expected exclusions
- Data
= Exclusion from data
—— BgUnc from 05 ) | ,_|_|_ /\-/
o Datrbg 0 [Adp w" 1J—I_'__:F Gﬂ;ﬂ%ﬂ ;f‘
Dapbe 5 il
i 0.5 T [ 05 o] !
[ 50 100 150 Z()()’ 250 23 - 50 100 150 200 250 300 -} 50 100 150 200 250
my’ [GeV/c] mY [GeV/c?] m¥ [GeV/c?) 60
Signal Region(njets=4, E{>100) 40 \
= @ T T T J
I £ TT-tXX E
L
laco 3 —— m,=300GeV,m,=80GeV| 20 \
.W+jets —_— mT.=3soGeV,mx=BOGeV i
Single top 10 mT.=SGOGeV,mx=1GeV -
o CDF Run Il Preliminary L=4.8fb™
” ¢
[l Diboson 7 00 310 3p0 330 340 350 360 370 380 390 400
Il Z+jets 8

What excess /

could look like

10"

Excluded Region

m [GeV/c’]

0 150 200 250 300
m¥ [GeV/c?]
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Summary

u Recent top properties results from CDF are shown
® All the measurements are consistent with the SM prediction
so far
u All the top properties measurement are currently
statistics limited

® More than 1000 reconstructed ttbar events in ~6 fb™! of
dataset

® Results will be updated with 7~8 fb™! data soon

u 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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