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Top Production at the Tevatron

p-pbar collisions with 1.96TeV To air production

Main mechanism for
top physics at Tevatron

center-of-mass energy.

Until LHC turns on - the only place to
study top quark
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t-tbar Final States

Top decays before hadronizing Vip~V1; M, >My,+M,:
Decays to real W
T~10-25 s (due to large mass) BR(t—Wb) ~ 100%

Final states are classified by the decay of the W’s
BR(W-lv) =1/3

BR(W—-qq) = 2/3

In all cases, the final state has 2 b quarks

Lepton+jets Di-lepton All hadronic

jet jet

b-jet ) ,:i':::. b-jet
b'IEt b'jEt 4 :5-._--

e Jet Jet

Lepton+jets channel:

= Best compromise — higher statistics than
dilepton, less background than all-hadronic
" (S:B ~1:3)
—Increase S:B by using b-tagging
3 Fully reconstruct the event
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The CDF detector

Muon system

calorimeters =« CMP ; CMU |n|<0.6
Upto |n|<3.6
= CM)X0.6<|n]|<1.0
-
f
o
-‘
=
S —
L= pseudorapidity
¢ n=—Intan(@/2)
Tracking system:
= Silicon detector -> b tagging — z ¢
= COT : central outer tracker X
Eff. for charged particle tracks: Excellent lepton ID:
= ~100% for |n| <1.0 ~80% eff. for central electrons
4 = ~40% for |n|= 2.0 ~90% eff. for high P+ muons

Shulamit Moed



W helicity in top quark decays

SM top decays via the weak interaction

- V-A coupling like all other fermions:

Helicity: H=J-P

The longitudinal fraction:

P r(W,)
YT +T(W,)+T(W,)
m;
Jo = mev +mt2
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spin=1/2 %
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This measurement:

= Test of the SM, non-zero
V+A?

= EWSB — prediction of high
longitudinal W fraction



What do we measure ?

P
top
1/2 1
q h

172 12
—p —Zp
.\,fxuzﬁﬂ,/*\,-‘vz b = .\/’\a’ﬁizﬁ\-ﬂpvg
top lop
12 1

Right-handed
e dl
W+
vV, \/ ﬁ'_’
(1-cos@)’ " (A=cos? ") (1+cos@")’

SM prediction of helicity S— We fully reconstruct the
fractions (assuming b event:
Mt=175GeV): o
= longitudinal f, = 0.7

Py —E, - E,

» left-handed f. = 0.3
= right-handed f_. = 0

0.2

cos

cos(0) = L

‘lePb‘



Analysis Overview

lepton+jets selection

fully reconstruct the leptonic top decay
using a kinematical fit and boost the
charged lepton and the top into the W rest
frame.

calculate cos(6*)

construct templates for left-handed, right
handed and longitudinal W’s and
background

fit helicity fractions using unbinned
likelihood fitter.

correct for acceptance effects.
estimate systematic uncertainties.
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Event Reconstruction

Selection main features:
= only one isolated lepton with P; >20 GeV

= at least 4 jets with E; > 15 GeV and |n|<2.0 (JETCLU with
AR=0.4)

= scale jet energy to correct for both physics and detector effects

= missing E; > 20 GeV

= at least one jet is tagged with a secondary vertex tagging
= veto on electrons from photon conversion

= veto on events tagged by cosmic ray tagger

= scalar sum of transverse energies of all reconstructed objects (Ht)
> 200 GeV

= use kinematic fitter and choose combination with lowest x2

8
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Selected Data Sample

Data 220 events (89% signal fraction)
Total background 22.8 events

COF RUM | Preliminary{B25pk )

i —&— [hala
1m1}“"“+<"‘*; TS [t (B.2pb)

S I Mon-W QCD

; [ Dibosan
Bl Single Top
B We

I Woc
Il 'Whbb

Scaled to 955pb'1l

Background composition

Process bkg events

Mumber of Evants

g

fraction fraction

Mistag 91+1.35 39.5% 4.1%
W+hf.  6.4+1.85 28% 2.9%
Singletop 0.54+0.17 2.4%  0.25% B G W Wikt
Diboson 1.3610.07 6% 0.61% -
QCD 5.5+£1.08 24.1%  2.5%

9
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The Likelihood

Used unbinned likelihood fitter to extract helicity fractions:

Ns
L=G(b|py>0,) P(s+b|p,+ ) | | (fypy(c0s8)+ (- f,)p,(cos6))
- M i=1 Y

1 1 T
Gaussian bkg Poisson probability for shape information

constraint number of observed p.=F,p,+F p. +(1-F,-F)p_
events s ! ¥ 1+ ? ’

longitudinal right-handed |eft-handed

| CDF Il Preliminary |

o 14r
b longitudinal
g 1.2 —Ieffhtanded o
> | — ight-handed Extract two results by fitting
o i — background .
3 o for:
" os) F, while F,=0
0.4]
o F. while F, is fixed to the SM
L AT value @M,=175GeV
-1 0.5 0 0.5 1
10 cos(8)
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Acceptance Correction

a; = acceptance for helicity i

2y fo

Fo=measured fraction ; f,= true fraction

R Acc.(left — handed) o_ F,

- Acc.(longitudinal) «, o, f+ T Q, fo +a_f.
correction = o B=D-A-F,)  for the right-handed fraction:
1+ F,(R-1) Correction for f+ is very small (~0.01) >
f, not applied.

F, = - ] ) i
" T R—f,-(R—1) Instead — assign a 1% systematic.

0.02 0.02

Default correction
0.014

"""""""""" + 1o uncertainty

(=]

04
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=
=
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a4
2
i

correction
: - !
(=]
[}S]
correction
. - .
g

=

o

@
1

0.06 4
0.04 Default correction
-0.08
-0.054 S e + 1o uncertainty
-0.06 ——— -0.1 ; - T T T
0O 0.1 02 03 04 05 06 0.7 08 0.9 0 005 01 015 02 025 03
11 measured F, measured F,
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Systematic Uncertainties

We use realistic pseudo experiments to estimate systematic
uncertainties while keeping the fit unchanged.

Source of, of,
Bkg model +0.038 +0.017
JES +0.013 +0.010
Signal model +0.020 +0.010
PDF +0.009 +0.006
ISR/FSR +0.010 +0.005
MC statistics +0.020 +0.010
Instantaneous luminosity +0.007 +0.002
Lepton energy scale +0.001 +0.002
Acceptance correction +0.001 +0.001
Total syst. +0.053 +0.027
12 Expected stat. uncertainty +0.12 +0.06
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Results — Data Fit

Fitting the data:
F, = 0.65 (measured)
f, = 0.60 £ 0.12 + 0.06, (corrected) f, = O fixed
f, =-0.06 £ 0.06 + 0.03, f, fixed to SM value
@Mt=175 GeV

Fit for longitudinal fraction Fit for right-handed fraction
CDF Il Preliminary | Cniries: 220 CDF Il Preliminary | Chines. 270
4o « background 4o = background
- <=+ tleft-handed - -.=« +right-handed
35— ol —+Iongimdinaﬂ 35 <l +|eft_hﬂnqed
® data 955 pb = +|ongitudinal
30} 30 ® data 555 pb'
o 250 N 25
5 o 5 2o
a F 8
15— 15—
E il E
= = el
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Results — Setting Upper Limiton f,

- Bayesian method for setting a limit@95% C.L:

= Model systematic uncertainties as a gaussian with n=0, o= 0.027 .
- Have verified f_ systematic independent of f_

= Convolute with likelihood

- as expected the effect is small, dominated by statistics.

CDF Il Preliminary 955pb” | CDF Il Preliminary 955pb” |
% 22§ % 25
| = =
3 20 3
£ 18f g -
5 oF 5 B W systematics
8 F -
a 14 & 45l w/o systematics
2 12 o i
e s
w 10 ] C
8 aé— a 1o}
6 "
aF- f,.<0.11@95% C.L °C
20—
0 PR TN N ST R ! L L o_lllllllllll L
0 0.05 01 0.15 0.2 0.25 ; v} 0.05 0.1 0.15 0.2 0.25 ;
O IRICI[CIRRILS M(JELI




Expected Statistical Uncertainty

» Assuming no
iIimprovements,
stat~syst with 4fb-1.

15

0.14
u.123— e O fO stat.
oaf o 31, stat.
u.naf— °
n.usf— =
u.uzf— 2 o
int. luminosity (fb'1)
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2D Fit — First Simultaneous f,, f,. measurement !

With the increasing luminosity:
= Interest in a model independent measurement

= V+A coupling bounded by CLEO b->sy data at a level that
cannot be reached even at the LHC.

= No assumption on helicity fractions while fitting, probe any
deviation from SM (super-symmetry, dynamical electroweak
symmetry breaking models, Extra dimensions ....)

* Same data, same reconstruction, same templates etc. *

fit for f, and f, simultaneously, rather than:
* Fixing f,_ to 0 (=SM) and fitting for f,
* Fixing f, to 0.7 (=SM) and fitting for f_

---> Less precision, but a more general result
16
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Uncertainties for Simultaneous Fit

source dfo df+ SYStematICS

Jet Energy Scale +0.015 | £0.008 Compared with 1D fit —

Background +0.037 | £0.015

ISR/FSR +0.010 | £0.005 +0.053 for f0

Signal Monte Carlo +0.020 | £0.010

MC statistics +0.020 | £0.010 | +0.027 for f_

Method +0.010 | £0.010

PDF +0.009 | +0.006

Instantaneous Luminosity | £0.007 | £0.002 Expected senS|t|V|ty from 1000 SM p.e:

Total Systematic +0.053 | +£0.026

Statistical +0.246 | +£0.096 0:25

Total Uncertainty +0.252 | +£0.099 SFO

statistical =
ihkdaiF )
Compared with 1D fit — e (0-16-)
+0.12 for f, o OF+
+0.06 for f, i3
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2D Fit Results

CDF Il Preliminary Entries 220

o= e background
=+=- +right-handed

35 i— ===+ +|eft-handed
- = +|ongitudinal
30 ® data 955pb"
o 25/
: 20
5 F | o
15— f 7 e,

.
*a,
-
*i
"
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e,
e,
-----
......
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fo =0.74 £ 0.25(stat) = 0.06(sys?)
18 f, =—0.06%0.10(stat) £ 0.03(syst)
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Limiton f_?

Form probability surface

Find contour of constant probability
that captures 95% of the volume
under the surface

No systematics in likelihood shape.
but for 2D fit: stat © syst = stat

Wﬁ | CDEF Il preliminary, 955 pb™" |
- 1 e e

0.9F 0.97
a3 i
0.7 i_ IJ.TE
065 o.s%
0-5§— o.sé
045 0.4F
0.3F 036
0.2 §— 0.2

0.1 é_ 0.1

da” % 0.3
f.
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Summary

> Improvement of CDF 1D results of longitudinal and right

handed W fractions.

> First simultaneous measurement of right-handed and
longitudinal W helicity fractions!

» Our knowledge of t-W-b vertex is still statistically
limited.
> CDF now factor of 2 better than previous measurements.
> However still factor of 2 above current systematics -
This is worth doing as a 4 fb-1 analysis on CDF.
When our errors are dominated by systematics and as long
as LHC does not have sys. uncertainties <~10%,
the Tevatron results will be hard to beat!
> Measurement consistent with SM predictions —
top decay is of V-A nature.
> Other CDF measurements using M,, method and cos(6*) have
been performed and results agree with SM predictions.
> winter plans — improve method and use more data, combine
0 measurements and publish resulits.
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Back up slides
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Top Mass Dependence

= Top mass is not constrained in this analysis.

= Fit to a linear function yields a correction of 0.5% fora 1o
variation of the top mass (3 GeV).

hist
%2 ndf 6.461/5
-80.15 po -0.2828 + 0.2647 +0.04
; "g p1 0.001671+£0.001512 Y- B
g £ 04 I
Ty}
s 0.02|
(N e ) —
L"0.05 ! | |
T T
[ 1] — ol
g i
O -
W 505 [
0.02}
-0.1
N B 0.04L— N B
0.15 . L
Mmoo [GeV] M [GeV]
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Systematic Uncertainties — Background

Background shape systematic:
= Assume 100% W4p or 100%

Wbb2p

= Add 25% special QCD sample

Vary q2 for W sample

reminder - estimated ~5 QCD

events out of 220
23
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Entries

1.4
r background
1.2 /e
Foion —W4p
1k —Ww
| --QCD
0.8
0.6}
0af ) eSS
o2/
0 g g
-1 0.5 a Q.5 1
*,
cos(b)
cts_reco_1btag
Entries 773
Mean -0.1893
RMS 0.603
- Underflow 0
r Overflow 0
7 J ¥/ ndf 74.94 /45
a0l ” Prob 0.003353
r pD 10.4+1.0
i pi 32.44 + 6.06
k p2 5471+ 8.14
sl B3 3268+3.74
-3.139+ 0.267

I t {
o I R R S N TR M T
-1 0.5 0 0.5 1
cos(0)

Special QCD
sample Multi-
jet trigger

0.8<em<0.95
Ntracks>3



Background Dominated Samples

Comparison of 0-tag CDF Il Preliminary 955pb”
sample and bkg model

20 |-

e dafa - zero fag

—— background model

Entries

15

10|

-1 | | | I-Ulsl | | | 0 | | | 0.5 | | | 1
cos(6)

- We have a reasonable background model
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Systematic Uncertainties — MC Statistics

Statistical uncertainty of the parameterizations is not propagated
through the analysis - systematic uncertainty:

= Re-fitting templates 1000 times, Poisson fluctuate the bins around central value.
= Draw pseudo-experiments from the different fits.

= Take difference in RMS of fitted values as a systematic :

=]
3
(=3

o] Entries 2238 6f,=0.02 of,=0.01

ts
w
o

=]
o

number of even
A F-s [4)] [=1] b |
=] =] =] = =]

K
(=

-
=

=]

L1 I | - I | - I | - I 1
2 -1 -0.8 -06 -04 -0.2 0 0.2 04 06 08 A
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Systematic Uncertainties - PDF

= difference between MRST72 and

CTEQSL. L 5
1] @ rr |
= difference between MRST75 and %'0 G20 o FO
MRST72. = 0.01f |4 F+
- 2
= variation of the 20 CTEQ6M 0.008 |-
eigenvectors. i
0.006 |-
e o P
0.004 -
L ® [ ]
0.002 |- ® o °
[ ® oo o o °®
0 i!‘_'!_l_‘..‘.l.z_l:_L,_._l_m_n. =
Q 5 10 15 20

26

eigen-vector
AF = (LIPS - F(S 1)
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2D Pull Distributions

10

B RE K & &

-
1]

27
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Corestan AT02 £1.502
Man [ERE=p S SRR bl

Hgma 1.0 0,013
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1,=05,1,=02

Emiles 100
Corstar 01504
Mkan  O.OTTS £0.0315
Sigra 00847 £0.028

3
Fpull

Evries 100
Corestanil ATTHE1.EM
Rlzan -0 0ERE £ 00

Sigma 1. 000 £0. 025

F,pul

B R EH & &

T
o N
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955pb-1 — Data/MC Comparison

30

I = - e data
20 -
L — background i
— MC total i —— background
- 20 S
15 1
3 — MC total

10

10 |—

50 100 150 200 50 100 150 200

Et (GeV) Pt (GeV)
IE' number of jets

ZOT e data s i e daia
— background 150 |- — background
15 — MC toial | — MC total
100 |
10 i
L 50 |-
5
o A ! I | PEN. | . P PSS . (IR
50 100 150 3.5 a 4.5 5 5.5 6 6.5
M,
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955pb-1 — Data/MC Comparison

20|

25|

29

e data

— background

— MC toital

100 150 200

Et(GeV)
e data
— background

— MC total

40 60 80 100

Et (GeV)

- data

— background

— MC toial

100 150

Et (GeV)

20 |—

10 |-

e data
— background

— MC total
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Results - Likelihood Curves

For right-handed fraction For longitudinal fraction

CDF Il Preliminary 955 pb”’ CDF Il Preliminary 955 pb”’

-2A(InL)

10 -

51

-01 005 -0 005 01 015 0.2

£ ) i : ; )

+
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b-jet Tagging

Displaced tracks

= Expectt—>WDb
b jet tagging is a very important tool.

- Every ttbar event contains 2 b-jets Decay lifetime @ Secondary vertex
- Less than 20% of the dominant - s
background (W+jets) contains A “"‘5 & 4

Heavy Flavor (b/c quarks) B
= B decay signature: displaced vertex Prompt tracks

= Long life time ct ~ 450 um: travels
L,,~3mm before decaying CDF Event:

Close-up View of Layer 00 Silicon Detector

I

Run 178855
Event 5504617

Require at least 1 jet tagged with the
secondary vertex tagging algorithm.

Reduce permutations /' Q
from 24 to 12! A%

! - il i iz T
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Jet Energy Scale

Corrections applied to estimate the original
parton energies from the observed jet
energy in the calorimeter

Jets are corrected for:

= n dependence correction — homogenous Hap W
calorimeter response. - |

EM

Calorimetar jet

= subtraction of energy due to pile-up of
multiple interactions in the same bunch
crossing.

= correction for non-linearity and energy
loss in the uninstrumented regions of the
detectors.

q
* Underlying event energy that falls inside _ ok p
the jet cone. p o
|

= Jet energy radiating out of the jet cone.

Particle jet

= Top specific corrections — flavor and
topology of ttbar events.
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Other W Helicity Measurements

Previously at CDF

RunI (M, )2: Early RunlII:

Integrated (109 + 7) pb_l

luminosity= Fy = 0.743.;;

Combined Result: -0.21 f[?f; F < 0.27@95‘% C.L

| e | :
5 Combined gol e I m———
< 4 - CDF Il Preliminary ¢ CDF Run Il Preliminary (162 pb)
= / Ldt =200 pb™" + i: i 5
50p i 8f g ia)
J e 810 I 2 1gi
~— 34 b g g
> 40} 3. I = a
Q 3 I ®
J [0} M 6| E‘_El_
o ! I 045 0 05 1 18
| 2 | % j a g F,
m O 50 [ 5 - Data
= e data t.lb.l 4 . * — Bast Fit
o . f= I
— Dilepton G20 — bt 3f
N 1 left-handed component I
I . —— longitudinal component 25
SVX SIT e tagded 10F —— background component | 1
| | N b
" 0

210 1 2 e
fraction of V+A
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b 3
C059 (T. Chwalek, D. Hirschbuehl, T. Muller, J. Wagner, W. Wagner) - results

longitudinal fraction right-handed fraction
3 CDF Run Il Preliminary 3 CDF Run Il Preliminary
*8 I P B F,=07 (SM) unfolded *8 I P B F, =00 (SM)
o 9 Ly =955pb” —— F,=059*12 (stat ) Ol 8 [ Lim=955 pb” —— F,=-003%9% (stat)
U o o 3 . . . o o
S distributions |3
o

CDF Run Il Preliminary

—~ 20 limit on right-
~ handed fraction
a 15
10
5 F, <10 % @ 95% CL.
L, =955pb"
0 1 1 ] [l
0 02 04 06 08 1
34 =

+
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