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What we know (believe) about Top quark

Top Quark Spin=1/2, Charge =2/3 e
Width = 1.5 GeV,

Mass =172.4 + 1.2 GeV/c?

: 2008 summer world average
Production ( 9e)

Weak mteraqtlon
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What we are doing with Top quark at the CDF

Branching ratios
Rare decays
Non-SM decays
W helicity

V| Vil

lep '

Production cross section Slngle op cross

FB Asymmetr section |V
Top charge > ASYMMETTY . Anomalous coupling .
Top spin Differential cross section W+<I
Top mass Production mechan_ism q ‘ < v
Top width Resonance prod_uctlon . b

Stop, t’ production W

q b
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Single top cross section

e Construct a single variable (discriminat) which is highly

sensitive to single top kinematics

e Extract single top cross section with four different way

e Combining different method

. K Wls-channel
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Event Probability Discriminant

Strong evidence of single top
production

Combination(2.2 fb1)
2.2 +0.7/-0.6 pb, 3.70
1=|V,,|>0.66 (95% CL)

CDF Single Top Summary
——
Likelihood Function: CDF
20+ 09
27 m’) :
——
Matrix Element: CDF
27+ 98
(27m") :
——
MNeural Network: CDF
21+ 97
(27m") :
——
Decision Tree: CDF
24+ 08
2.7m") :
" E Suifivan, PRO 70, 114012 {2004}
| | | |
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Single top (Met +jets) (2.1 fb1)

e Leptonic decays with hadronic Tt and e/u not fiducial
* Performing orthogonal channel gives extra information

It will contribute to combine single top cross section
CDF Run Il Preliminary, 2.1 fo™!
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ttbar cross section

o Different channel, different
kinematics show good
agreement

 It's consistent with prediction of
standard model

« Relative uncertainty is <10%
* Uncertainty of lumi. is significant

CDF Run Il Preliminary.

July 2008

T T T T T T T T
[ Cacciari et al.. arXiv:0804.2800 (2008 - 2
- (2008)  Assume m,=175 GeV/c

Kidonakis & Vogt, arXiv:0805.3844 (2008)
[0 Moch & Uwer, arXiv:0807.2794 (2008)

Lepton Track S easas07505
'Lept0n+Tracj( Vertex tag 13 141.841.140.6
(L=1.1) s e
‘Dilepton T 6.740.840 440.4
(L=2.8fb } '''''''

. . . .,.4*;....

R memate ANN 6.8+0.4+0.6+0.4
Lepton+Jets Vertex Tag i 7 240.4+0.5+0.4
(L27fb) e
Lepton+Jets Soft Electron Ta//g: ® 7 842.441.540.5
(L=2.0fb ) '''''''
Lepton+Jets% Soft Muon Tag o 8.7+1.1+0.9+0.5
(L=2.0fby om0 T Y
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ttbar cross section by ttbar/Z cross section (2.7 fb1)

CDF Il Preliminary 2.8 i M. =3
=
=1 + B data (5388 avig) i CDF Run Il Preliminary L = 2.7 b
E - IUIJ B . Data
= . 400|—
9 R v+ets = « [l Top (7.1pb)
: - QCcD B J single Top
B Bw+nr
+ + 300 = . Mistags
: I Non-w
B P z+iets
200 __ Di-boson
100[—

0.1 0.2 0.3 0.4 0.5 0.6
NN output 1 Jet 2 Jets 3 Jets 4 Jets =5 Jets

NN (2.7fb1) : b-tagging (2.7fb™) :
6.9+0.4(stat) £0.4(syst) £0.1(theory) pb 7.0+0.4(stat) £0.6(syst) £0.1(theory) pb

 We measured ttbar/Z cross section ratio to remove lumi uncertainty.
Then, we can have ttbar cross section by scale up using well known Z
Cross section.

« Relative uncertainty
“* NN is ~8% b-tagging is ~10%
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do/dm,, . (2.7 fbd)

 ttbar differential cross section in situ jet energy scale
calibration
 Significantly reduce the systematics

e do/dmy,,, IS sensitive to a broad class of models

CDF Il Preliminary

—— SM Expectation

- SM Uncertainties

o CDFII Data,J L=27f"

=
o
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Top quark mass measurement

CDF Top Quark mass (*Preliminary)

@

All-hadronic

(Run ) 186.0£10.0+ 5.7

&

Dilepton

(Run 1) 167.4+£10.3+ 4.9

._._._._.

Lepton+jets

(Run I) 176.1£ 5.1+ 5.3
‘ - -

Dilepton

(1.9m") 171.2+27+29
. —_
Lepton+Jets (Lxy+lepton p;)

(1.9m") ! 175.3+£6.2+ 3.0
. -~
Lepton+Jets

(27" 172.2+1.0+1.3
. - -
All-hadronic

(21m") 176.9+ 3.3+ 2.6
. -
CDF July'08

(27" 1724+1.0+1.3

(stat.) £ (syst.)

v2Idof = 3.8/6 (71%)

150 160 170 180 190 200
m,, (GeV/c’)

Precision measurement

“* Best single measurement in the
|[+jets channels is already <1%

% Systematic is key of precision

 We are revisiting the

systematic jointly with DO
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Systematic uncertainty of top quark mass (3.0 fb1)

Systematic Combined fit L+J DIL DIL(MT2 only)
(GeV/c2)

Residual JES 0.68 0.66 3.04 2.58
Generator 0.74 0.72 0.46 0.22
PDF 0.19 0.17 0.48 0.47
b jet energy scale 0.17 0.18 0.21 0.21
Background shape 0.24 0.27 0.12 0.36
gg-fusion fraction 0.04 0.00 0.01 0.32
ISR and FSR 0.13 0.14 0.34 0.57
MC statistics 0.10 0.08 0.32 0.33
Lepton energy scale 0.03 0.06 0.28 0.56
Pileup 0.19 0.24 0.34 0.18
Color reconnection 0.34 0.38 0.55 0.68
Total 1.14 1.14 3.24 2.91

Systematics from template method for L+J and DIL channel
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AJES (Gc)

Top mass : 3.0 fb-1 template method

Combined Measurement Combined measurement
L s P

=== Alog(L) =2.0 ]

CDF Run Il Preliminary (3.0 fb'l)
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1 1 1 1 1 0 | 11 |V| [ L1 1
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M, (GeV/c

hop ) Symmetrized Error (GeV/c?)

171.8 £ 1.5 (stat+JES) + 1.1 GeV/c?(syst)

L+J 172.5 + 1.6 (stat+JES) + 1.1 GeV/c?(syst)

+2.6

DIL 169.0 . (stat) + 3.2 GeV/c4(syst)
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Top mass in the Dilepton channel with m, (3.0 fbt)

* M, IS the transverse /OIS T N WO T N
mass in the two missing P e ]
particle system s S S E R

e ThisiIs golden observable Ew— ....... 0 TR O S T A
to measure the mass of BN

exotic particle in pair A T T
- Year
production asf

3? CDF Il Preliminary (3.0 fb™)
» Top dilepton channel is
good example (standard b

candle) I
* First application in the real osE

I S Y A | IS N S v |
ata 956 158 160 162 164 166 168 170 172 174 176 178

167.9 7, (stat) £ 2.9 GeV/c2(syst)
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Forward backward asymmetry (1.9 fb-1)

Backward Forward

D % pbar

Standard Model NLO
prediction = 0.04+-/0.01

A = {N(F)-N(B)}/{N(F)+N(B)}

ppbar rest frame

ttbar rest frame
Production Angle Distribution (L = 1.9 fb™)

CDF Il Preliminary L=1.9fb™ g
! =0 AR = 0.17 £0.07° + 0.04”" ]*

-8~ CDF Data MC asymmetry: w L
| —MC@Ph;i_r?Jfbtt(Eg — A=5% N — Dat 1 |
| - r_ew_l 13 + -= A=D4° 100~ -aa ]

= ET :IJ:J]J - = = gasgléjr:gznds
| EEe ; § As_ym metry Is a
- Wt s bit larger than
L W+bb - -
SM prediction
but, still
consistent +

O—l -0.8 -06 04 -02 0 02 04 06 08 1
CDF Run Il Preliminar y _Ql . COS @
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Conclusion

Top quarks are well being studied at CDF
“* We are performing rigorous study of top quark

So far, all of results are consistent with SM
« Statistically limited
** We already had ~2x data

Visit the CDF public page for more results
http.//www-cdf.fnal.gov/physics/new/top/top.html
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W-Helicity (1.9 fb1)

Measuring the fraction of
logitudinally polarized W
bosons from top quark
decay(fy) In the lepton jets
channel

V-A coupling predict
% f,=0.7(logitudinal)
“ f,=0(right handed)
«»» f =0.3(left handed)

Consistent with
SM prediction

Spin=1

Spin=1/2
t

Spin=1/2

rTT T T T [T T T[T T T [ TET] T
S CDF Preliminary (JLdt=19 fb'l) £
Assumes my = 175 GeV/c? :

Matrix Element: g
+

(fx £7=0.0) £,=0.64 £0.08 £0.07
Cos 6* Unfolding:
@
£,=0.15 £0.10 £0.04 £ =0.38 £0.2120.07
= :_
£,=0.01+0.05+0.03 (fx £0=0.7)
) _ H—.—o—a
(fix £7=0.0) £, =0.66 +0.10 +0.06
: Cos 6* Template: z
—— @
f,=-0.03 £0.07£0.03 £ =0.65+0.19 £0.03
® (fix £0=0.7)
£,=-0.04 £0.04 +0.03 )
- -
(fix £+=0.0) f,=0.59 £0.110.04
L1 ; L1 | | L1 | | | | ] E ] | L 1 |
0 0.2 0.4 0.6 0.8

W-Helicity Fraction from Top Decay
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