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The Tevaron Collider

n Proton-antiproton collisions "
at 1.96 TeV (Runll) (1.8 TeV RunlI) |

n 36x36 bunch (396ns)

n ~1.1 fb! /exp. on tape. (20pb-!/week)

» Record lum. ~1.7x10%?cm2s"!

» Main Injector: 150 GeV proton storage ring S|

» Recycler: used as the antiproton storage ring. FR

Electron cooling was established.
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Tevatron 1s working well on the design luminosity!!
expected ~ 8 fb'! in 2009.



Tevatron Experiments

13 countries, 58 institutions 19 countries, 83 institutions
798 physicists 664 physicists



The CDF Run II detector

Central Calorimeter (E H)
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n Silicon B-tagging ~ 60% for top events



CDF Run II detector

Central tracker n| < 1.0

Muon Chambers || < 1.5
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The top quark
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Top quark was discovered at Tevatron Run I
on 1995.




Top Quark Physics

Major analysis groups:
» Cross section
» Mass
» Top property
Decay property
Production mechanics
» Single top

Sub groups:
n Lepton ID
n B-tagging SM
n Jet Energy Correction New Physics ?

» Background studies




Top mass & cross section at Run 11
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Top Quark today

Run I (1.8 TeV) | Run II (1.96 TeV)
Observation In the end |
1995 of Run I 2005.3 2006.3
67pb! 106pb’ | 318pb! ~1fb"
~30 events ~100 events ~300 events
Top candidates / 5 t
Tagged events We arc here.

Note these number of events are of course very different
in each measurements.

The study of top property is the most interesting topics!




Production and decay

Typically, pair-production :

0 =06.7pb (m, =175 GeV)
via qq (85%) and gg (15%).

Decay : Br(t Wb) =100 %

The analysis channels rely on W decay.

Lepton+jets
All hadronic . ~45 %
Lepton (e,)) + Jets: ~30 %
Dilepton (e,) .~ 5%

dilepton / hadronic

M e—e(1/81)

B mu-mu (1/81)

O tau—tau (1/81)

Oe -mu (2/81)

B e —tau(2/81)

M mu-tau (2/81)

M e+jets (12/81)

B mu+jets(12/81)
M tautjets(12/81)

Ojets (36/81)




Identitying the Top Quark (1)

Lepton + jets channel :

» Isolated leptons is 1dentified with p > 20 GeV

» Large missing E > 20 GeV

» 4 leading jets with (typically E; > 15 GeV)
n b-tagging is a crucial to avoid QCD bkg.

b-tag efficiency

b-quark lifetime : cT ~ 450 pm
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B-hadron travels ~ 3 mm

SecVix Tag Efficiency for Top b-Jets

Tight SecVix
Loose SecVix

- Top MC scaled to match data

L Only b-jets with n|<1
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

20 40 60 80 100 120 140 160 180
jet E. (GeV)

b quark jet

b quark jet

We use Secondary Vertex tagger
as the default.

Achieved 55 % tagging efficiency
0.5 % mistagged rate (per jet)
for tt MC sample.



Identitying the Top Quark (II)

Dilepton channel :

» 2 high p; leptons with pp > 20 GeV
one must be isolated.

n Large missing E > 25 GeV

» Scalar Sum E; (Hy) > 200 GeV

» Rather than requiring b-tagging to
avoide QCD bkg., loose lepton ID
to obtain the statistics.

b quark jet

Event count per jet bin

3 o | CDF Il Preliminary 200 pb’ E b quark jet
:"-: 70 = WW+WZ +ZZ
8 6o = + Drell-Yan
i B+ rakes Backgrounds are mostly:
@ 50 +1tt (og, = 6.
“ tt (ogy = 6.7 pb) n Drell'Yan
» » Diboson productions
. » Fake leptons

o



Background estimates

Conceptual 1dea :

The top signal is presumably
multi-jet final state.

» W +heavy flavor jets(bb,cc,c)
— Heavy flavor fraction from MC

— Normalized to data
» W+jets(mistag)

Number of Events

— Use measured mistag rate,

applied to the data
» Multijet:-fake-W (jet e, track L)

— Estimated from data

—Iso. v.s. Missing E.
n Others (single top, dibson (WW,WZ))

— Estimated from MC
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Jet Energy Scale is the most
dominant source of systematics.




Monte Carlo Event Generators

n Signal MC
depending on the physics analysis. (ex. xsec:PYTHIA, mass:HERWIG)
acceptance calc., shape parameterization
even in the likelihood fitter (ME-based fitter), MC generators are used.
» Background MC
need group consensus ... default MC is AlpGen in CDF.
acceptance calc., shape parameterization

Updated: September 12, 2005
X-sects (ph) Number of jets
e et + n QCD jets 0 1 2 3 1 b fi
ALPGEN 723.4(9) | 188.3(3) 69.9(3) 27.2(1) 10.95(5) | 4.6(1) | 1.85(1)
AMEGIC++/SHERPA | 723.1(7) | 188.2(3) | 69.7(2) | 27.3(1)
CompHEP (30.9(1) | 190.2007) | 70.22(7)
GR@PPA 724.2(8) 188.4(3) | 69.62(8) | 26.68(5) | 11.02(3)
HELAC/PHEGAS/JetI T44(T) 187(1) 70.9(4) | 28.2(4)
MadEvent T723(1) 188.6(4) | 69.3(1) | 27.1(2) | 10.6(1)




Top Quark property measurements
Public results : http://www-cdf.fnal.gov/physics/new/top/top.html

Using ratio :

b or ??
» Br(t Wb)/Br(t Wq) /
» Br(t H'D) t How about lepton?
- Br(t TW),,./Br(t TW)gy — > /
» O(dilepton) / a(lep + jets) W or ??\ .
Using kinematics : )
» W helicity measurements (p; & cos0) t or ?7?
» Anomalous kinematics in dilepton channel /
» t’ (forth generation) search ' O p
n tt resonance / 99

n Single top
n heavy flavor fraction in W+jets

Other on-going studies :
» Top charge, qq/gg, FCNC, spin correlation, asymmetry.



Br(t Wb)/Br(t Wq)

Is the Br(t Wb) really 100% ??

BR(t - Wb) _ v,
BR(t - Wg) ‘Vd‘z +|V ? +‘th‘2

/f

R

Compare the expected top with the

Sample fraction

-
=
=

observed top in the 0/1/2 tag subsets

and extract R by maximizing the
likelihood.

™

CDF 1l R=1.12"327

0.5 1 1.5 2 2.5R
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With no bkg.

e) |:{true
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I 909% C.L.
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1
N~ No/N=>—+1

€, Is measured separately
(~40% for CDF).

1 1.5
R

R >0.61 at 95% CL
IVtbl > 0.79 at 95% CL



Charged Higgs Br(t H*b)

M, =140 GeV

Assume each top quark has 'éo;
5 possible decay modes s
t - Wb oy

t - H'b - t*bb - W*bbb 0.2

||:|s|‘|_||:\]|||‘||||”"
L .
= 'l.‘
L ’l‘
s
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'}
.

H" decays to
v
(=3
—1t'b
Wh°
WA P
—— cS+W+Wbb

[--—--BR{I:—) H'b) .

t -~ Hb - tVvb ol —— Ry e e ———
1 10 tan( B)
t - Hb - csb "
0 t — H* b search CDF Run Il Preliminary
t - Hb - Wth’b -~ W*bbb 160 EXcluded 95 %CL m;= 175 GeVic? JLdt=192pb" oo
— 5M Expected
. . . . 140 o 140
Put them into likelihood function. 23 e zs
L1200 = 8 221120
exp — a7 back > 28 L] 581
NXSA - NXSA +0 €1 XSA JLdt 31u0§gg 281100
~ H
where, = go 80
5 B LEP (ALEPH, DELPHI, L3 and OPAL) ]
_ ( . )60 — Assuming H' v or HE— ¢8 only — 60
gﬂ,XSA - ZBZB] gl,] XSA WTOP’WnggS’mHi7th 101 1 Ll 1 [ | ||jl|o 1 T | III1|°2 1
i,j=1 tan(p)
k from MC M,y =800 GeVic?, u=-200 GeVic®, A=A, =ultan(f), A,=500 GeVic®
M,=0.498*M,, M, =M;=M,=M,=M;=M=M_=M; ;5

Br. for i-tth



Forth generation heavy quark search

H; (scalar sum) is a strong
discriminator for heavier particles

than top quark. £
3
Limits on 0 x BR(t' > Wq)?
. Mix=180  CDF Run 2 195 pb-t
210 t'—>Wq, { + =4 jets channel -
~ Preliminary ]
g
™, =170 95% CL
o
= 1F ;
iy NLO prediction
g
o)
150 200 250 300 350

t' mass (GeV)

20 T . T T .
t'—>Wq search CDF Run 2 (195 pb-1) |
16} Njet24 Preliminary i
121 - :'op 95% CL upper
I WHjets limit, m;=225 GeV
g/ EQCD ]
4
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0 100 200 300 400 500 600

400
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Top production cross section
1s constrained (with different
mass range).

m==D> [ ess dependence.



Search for tt resonance New

» Lepton + jets channel is used. CDF Run 2 preliminary, L=319pb"!
» Different analysis procedure L2 —— CDF data
201 = .
from Run I. 218; = W=z
» Joint likelihood based on ME ";2“165 QcD
. . . Q - -
weighted technique is used. 8., SM L, 6.7 pb
. C Diboson (NLO)
Average over parton-jet 12F
assignments 107 Run-II
CDF Run 2 preliminary, L=319pb™’ 8:
‘% 62_ Expected limit at 95% C.L. 6:— .............
I? C Expected limit at 95% C.L. +1o E
°>< 5; B 4__ .............
E C Expected limit at 95% C.L. +2c : ‘
o = 2r
b§4? - Observed limit at 95% C.L. :I - — : : 5 ‘ i . 1
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- M, [GeV/c’]
2
1
c |

L | I I | L1l ‘ | I | I | | L1l ‘ | I | L1l | I | L
450 500 550 600 650 700 750 800 850 900
M, [GeVic?]



From CDF and DO

I
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Test of the SM

CDF Run 2 preliminary, L=319pb™

CDF Run 2 preliminary, L=319pb™

Lo CDF data (148 Evts)] % *°F CDF data (148 Evts)
8% ~ SMonly 2 — SM+X, (MPV=2pb)
= 13:— = 13:—
£16 £16]
@ c 1) r
214 214
12:_ KS distance = 0.082 12:_ KS distance = 0.047
- KS probability = 15.2% - KS probability = 70.2%
B;— a;—
ﬁ;— ﬁ;—
4- 4
2 2 {
:Illlllllll**llllll II|I||||||II|III* :Illlllllll**llllll *lllllllllllllllll*

£0 400 500 600 700 800 900 10001100 1200 0 400 500 600 700 800 900 10001100 1200
M, [GeVic?] M, [GeV/c’]

Needs more data to judge this...



A new method for Top Spin
Reconstruction

S. Tsuno (Okayama Univ.)
Y. Sumino (Tohoku Univ.)




TOp Quark Spln Tevatron 1.96 TeV

0.0225 -
In qq collision, the two top quark 0.02
spins have the same direction. 0.0175
(propagate via gloun) 0.015
t 0.0125
0.01
) /~ _ 0.0075
q — «— 1 0.005
0.0025

t_ \ any direCtion 00 0.1 02 03 04 05 0.6 0.7 0.85 [();m':_}lI

However, the top quark has mass (175 GeV) and finite p (~100 GeV).
At Tevatron, the 3 ~ 0.6.

The top quarks are produced as “unpolarized” state at tree level.
(but both same directions.) At NLO, ~0.5 % effect.



Top Spin correlation

The “unpolarized” means “no direction”.

mmm)> Using only top side, how should we define the direction?

Umm...
) 79
@
top rest frame

In order to define(fix) the spin direction, we use the other side
top quark information.

9
Top antitop spin correlation %

sls=-1 7




Spin basis o ;
Helicity basis: s, [ p(#) (top direction) e /// q

» defined 1n the ultra relativistic limit.

» valid for large p . _ / t
t

Beamline basis :  §, [ p, (beam)

» defined %n ZEero m.or'n.entum frame. ) t4 o0 m=—>
» only valid for qq initial state. q—> ° «—(
Off-diagonal basis : te
- cosd sin&
s, Hany =5, Bﬁ

1-%sin”*

n correct basis including top momentum.
» only valid for qq initial state.

Note that in LHC, helicity basis 1s only available.



One more correlation

The top can immediately decay into blv without any hadronization.

The spin information is transferred into final state particles.

—
|

Decay correlation : 3
S 0.9 l.down-type
1 dI 1 s ’
— =—(+a,cos8) Sos
[ d(cosf) 2 T07 -
.. 0.6
where, 1 1s decay products. 05
Correlation coefficients O s : 04 o L
b -0.40 03
V, up-type q -0.33 02
1, down-type 1.0 o1
0 |
At mt=173 GeV, mw=80 GeV -1 08 -06 -04-02 0 02 04 06 0.30581

Lepton is a strong spin analyzer.



Conventional analysis

Using two step spin correlations,

b Top antitop spin correlation
Spl ‘.---' ~... 650 _...‘\_“1\\- : B | ol .. ) . '___._'__,__‘.-\-"\
500 e N e i
p 450 N i =

< 400 LB

X{ 350 ' PP
ft 300 - (RS TS

Angle between lepton and s, ls; =-1
spin basis.



Effective Spin Reconstruction (I)

Use only top side.

b
1
Lepton flight direction fully correlate : /Iv }
Spln\

with top quark spin. = aV
t _
Only allowed two configuration p \ 7 p
if b and v are massless. \ > <
t
Wave function may be something
like
| +)(+| 0 Vv lepton
( 0 1=}~ T
— )N\ interaction\ @
We want to know either state. = )
<= b
According to the coupling structure, top \
there 1s a strong tendency. forced



Effective Spin Reconstruction (II)

Definition :
» Use the lepton from top decay.
» Combine spin-basis.
Ex. Helicity basis

—

S =sign(cos @) x{spin basis }

nip
where . .o= #Pz
| p, |
. : cosg +
=sin g cos@sin g, + l '26“’ cos8,
1=5y
MM
T

n is an arbitrary unit vector (spin-basis).

W rest frame

The sign(cos®) define which state.



Effective Spin Reconstruction (11I)

Wb = Re.construct.ed top spin vector |
" using effective spin reconstruction

\ method.

True spin direction from 100%
polarized top quark.

The difference is due to the boost

— signed helicity direction

----- 100 % polarized top effect of W boson from top.

0
-1 -0.8 -06-04 -02 0 02 04 06 08 1
cos B}J

Choice of the spin basis depends on the analysis.
(use optimal one.)



Search for anomalous couplings 1n top
decay at CDF 11

S.Tsuno, R.Tanaka, I.Nakano

Okayama University

Y.Sumino

Tohoku University




Anomalous Coupling

The anomalous couplings in top decay are expressed as

] ) b
4 -O.yu
re ==3w v a(p)| rHe, =L r%p. lu(p,)  for to
< b \/E b b i 1 M, 2 | P t 1

- . - 0Dy [ Lo /
== v 5| FIR, ——L2|fp [W(p.)  for anti-to s
\ Wib \/5 b ] 1 L MW 2 L_ b p W ..,..AV
where P, = (1 -ys) /2 and Py = (1 +y5) / 2.
N 10 -
Two anomalous parameters: f; and 1, . % ? 10
8 L=
Decay distribution is sensitive to f,/f, . ’ / i
6 Standard Model f =06
< (f=1.£=0) :
mmdp  We measure f,/f,. )
2
1
”

Slope 1s quadratic function.



Kinematical Distribution (I)

Differential decay distribution from polarized top-quark for f;; =1(tree level),
dr (¢, - blv)

The W, component is enhanced

d cos8,,d cos G,

SM (f,=1.0, £,=0.0) (f,=1.0, 1,=0.3)

’ Lepton helicity angle
Angle between top spin and W

Note : using true spin.




Kinematical Distribution (II)

Using our spin reconstruction method...

Using effective spin

Using true spin

| SM (£i=1.0, £,=0.0)
|

(f,=1,0, £,=0.3)
|

=)

Impossible to reconstruct ||_ Possible to reconstruct
by the analysis level. | by the analysis level.



Event reconstruction (L+jets channel)

Signal MC :

GR@PPA-PYTHIA with anomalous couplings (M
Data :

318pb! with top standard selection criteria with Secvtx tagger.
Kinematical reconstruction :

Chi square kinematical fitter (with mass constrained fit of top and W).

2tags / ltag + 4 tight jets / 1tag + 3.5 jets events are used.

=178 GeV)

top

-
=]
|

Acceptance fluctuates within 1%
to the various anomalous couplings.

Acceptance(%)

) 1%
(Note that the denominator of Acc.
includes the branching ratio to L+4p.)

© = N W R U & N ® 0

| 1 i
-0.8 -0.6 -04 -0.2 0 02 04 0.6 0.8
/%



Signal and backgrounds

These samples are used.

Tnoptimi—ed Summar-

Jet Multiplicity 1 jet 2 jets | 3 jets + jets | =5 e
Pretags
Data 30623 1791 TEg 179 36
tt ( 8.9 ph) 9.20 &£ 0.32 4055 £ 4+ 40 | 9666 £ 8353 86.37 &£ TET | 26.63 &£ 2.38
= 1 Tags
EW +47 £ 069 8.47 £ 1.25 210 £0.34 | 0.3 £0.08 | 0.10 £ 4.03
Single Top 6.86 £ 1.71 11.55 4 2.42 2.50 & 0.53 | 0.41 £ 0.08 | 0.06 & 0.01
Mon-TW +2.25 £ 10.05 1934 £ 477 | 670 £1.92 | 3.07 £1.06 | 0.61 &+ 0.39
W + LF Mistags | 9405 &£ 19.28 | 390,12 &£ 7.86 | 11.05 £ 2.24 | 2,27 £ Q.45 | 0.22 & 0.05
W +c 99.23 + 26.61 2106 £6.03 | 322 +£098 || 0.51 £0.23 | 0.02 &£ 0.02
W+ o 3352 4+£1017 | 2013 £6€.681 | 483 £ 170 || 0.81 £ 0.4 | 0.02 £ 0.02
i+ BB 09874 4+ 3237 | 55134+ 1785 | 109+ + 344 170 +£0.79 | 0.12 +40.12
t ( 8.9 ph) 3.08 £ 0.35 25,10 &£ 286 | 5528 £ 574 53.78 £ 550 | 16.80 £ 1.73
Elg 379.12 £ 7253 [ 17480 £ 32.04 [ 1130 £ 684 9.6 £ 1835 | 1.15 £ 0.43
Blkg + ¢ ( 3.9 pb) | 382,20 £ 72.55 | 199.90 £ 32.15 |96.67 £ 893 | 62.64 £ 580 [ 1795 £ 1.78
Data 132 243 o5 63 10
= 2 Tags
EW - Q.42 &£ 0.00 0.1+ £ 004 | 0.02 £0.01 | 0.01 &£ 4.01
Single Top - 1.52 £ 0.20 0.55 £0.13 | 0.080 £0.05 | 0.02 &+ 0.01
IMon-TW - Q.29 £ Q.17 090 £ 050 | 0.78 £0.49 | 0.34 & 2.64
W + LF Mistags - Q.55 £ 4.12 0.30 £0.06 || 0.20 £ 0.0+ | 0.08 £ 0.05
W4+ HE - 8.30 £ 2.93 18+ £ 062 | 0.34 £0.26 | 0.03 &£ 0.02
it (8.2 ph) - +28 £ 0.70 1168 £ 191 14.06 £ 2.27 | 463 £ 0.7L
Bkg - 1117 £ 296 | 3.71 £0.82 | 1.42 £0.52 | 048 & 2.64
Blig + t# ( 8.2 ph) - 15,46 & 3.0+ | 1539 £ 2038 15.48 £ 233 | 511 & 2.71
Data - 15 17 16 3




Demonstration for signal MC

L+Jets channel

\x

A\




Other spin bases

HehClty . Beamhne

S e
oy
RN

0.5 1

. e 0.5 ; 05 |
: 5 w ota0 % ' tag ' 0
e h e ' h . Jep gtat ‘ -0.5 Jep 21ag
‘3“9@ 05 Ygen %“’?g 11 05 Y gen o % 1-1 QQ‘:‘:%:@Z

So-call, threshold effect happens in the other bases, especially in 2 tag events.
The reconstructed distribution does not reproduce the predicted shape by the
kinematical cuts.

p(top)
This angle is truncated by pt cut and N cut. On the
other hand, our interest is edge region (cos0 ~ -1).

eD

beam



Sensitivity study

Count the number of events in Region A,B,C, and D.

A and D are most sensitive regions.

B and C are less sensitive regions.

Event fraction
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Anomalous coupling parameter.
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Event fraction

Signal classification:

® L+J: 1+4dpevts.

O mat. : matched in L+]

A unmat.: unmatched in L+]

[0 gen. : generator

v others: other decay mode
(hadronic, tau)

' HERWIG (ttophl)

Matching condition:
matched within AR<0.4
between top momentum
in L+J and gen.

Unmatched events reduce
signal sensitivity.

ItagT
0.4 — : :
é 035 - A 0.14 - B 5 Ilrnj".-é Etel::érs
H 0.12 A unroat. © ttophl
Ih u._3 . “‘-;‘i =
ot = |m " 0.1 e I
Eﬂ;]z; ?'il'.‘? 0.08 i‘*..‘i_i-
I-LI [ ] [ ] -‘-.‘_.'
0.15 |- L 0.06 R T
asaatats gog .
0.1 AA gy kaat ) 11‘111‘111111 AT g
0.05 - 0.02
0 | | 0 | |
0.5 0 0.5 0.5 0 0.5
f/h o
uj S
é 045 - C 05 - D
S 04 ke 3
= 0.35 - . gutRetiiel 04 - geeeg,
€ 03} s0enen®’ * ‘e,
€ 025 03 * D
w : - ! *
02 - S .
= 0.2
ﬂhli “‘a‘lainuu.‘i"*“‘ .““*‘ln;.a;a.an
L 0.1
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Anomalous coupling parameter.



A

Parameterize the fraction

The slop is given by theory. 5 . '
(F (x) = ! Jojodcosﬁ dcos @I (x) :% |
! [ () 271 " : E 0.4
0 pl
F,(x)= - LIO
1 0
F.(x)= - IOL |
F,(x)=1-F,(x) - Fy(x)—F.(x)
\ (normalization condition) 0.1

Fitting function:

0.3

[(x)=a'x’+a,x+a, (i=ADB,C)
(total 9 fitting parameters)

X2 fitting :

ItagT

® Region A
® Region B
© Region C

Region D

¥ Indof=0.4729
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Anomalous coupling parameter.

where

erfR,’ Y

J

erfR,’ Y’

er'(RCj)Z

X :z{@" RO, (R RO | (R ~FO) (R —FD(x>>2} R, =
erR,’)’



Signal sensitivity (I)

» The size of error determines the bound on 2/f1.

c
2 05+ . ® Region A
8 ¥*mdof=0.4729 ® Region B
- @ Region C
g 04 Region D
o B E 1
: e e, g FT Y Big error
0.3 | T g
0.2
Example _—
oint
P 0.1} ! i,
" 08 0.6 04 02 0 02 04 06 08
L, tighter bounds.

» Up to 300 events plays a key role to improve bounds.
» The dip structure leaves two hold ambiguity.

/ Wide band region

Small error constrains



Signal sensitivity (II)

With fitting results, we can estimate the sensitivity.
Signal likelihood:
—2InL= P(N +N,|x :é)
A,B,C.D 1
Signal only (no bkg.), stat. error (assumed to be 100 evts.) is only accounted.

71
i

3 S
: N, =100 events by 0.8
4.5 tot 50
N} £,(>+20,) = 0.516 g 1 tagT
Rﬁ 4 £/f,(€204,) = 0354 3 0.6
15 fszl(ztzom) = 0534 0.4
26 limit £/f,(S26,,) = -0.903
O llmi . 0.2
T~sp 0 By definition.
2 0.2 /
1.5 0.4 ..
2 hold ambiguities
1 -0.6
05 -0.8
| 1 | -1 !
1 -0775-05-025 0 025 05 075 1 -1 -08 06 -04-02 0 02 04 06 08 1

i/f, input f/f,



Systematic uncertainty

Will be shown soon... ltagT
Region ) A , B , C ) D

~ 10%




Result

Coming soon!!!



Sensitivity estimate

n 95 % C.L. excluded region in (f2,f1) plane. Assume

» Only statistical error. 100 events
Y 200 events

~— 1000 events

Arrowed
region

 Exclude region

Rough estimate:

» With 100 top events (318pb), will reach —0.93 < f,/f; < 0.57.
» With 1000 top events (3 fb!), will reach —0.12 < f,/f; < 0.14,
—0.81 < 1,/f; < -0.70..



Other features

For example, apply it in the W helicity measurement.

0.014

V-A(SM) |

0.012 -
0.06

o oo
’ 0.008 -
0.05 |

0.04 / e > 0.006 -
0.02
0.01

02 0 02 04 06 08 1
cosb,

R

longitudinal

Enhancement
region




Summary

» A new method for top spin reconstruction (using only top side).

» Expected bounds
—0.93 < 1,/f; < 0.57 for 100 events,
-0.12 < 1,/f; <0.14 , -0.81 < 1,/f; < -0.70 for 1000 events.

» Very important to analyze the 1fb-! data. The bound drastically
improves up to 300 events.

Result will come soon.

At LHC, the higher order effects in the top decay vertex
may be also revealed using this analysis method...

Can effective spin reconstruction work for the discrimination
to a new physics??



Kinematical shape

The physics of ‘anomalous couplings’ is not same as that

of ‘W helicity measurement’.
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Those distribution can also constrain the anomalous couplings.

But indirect.



Tagging high-p b-jets:

displaced
tracks

Silicon Vertex Tag Secondary
e Signature of a b decay is a vertex
displaced vertex: \ "xv
— Long lifetime of b hadrons P g Tag 55%
(cT ~ 450 pm)+ boost // 7 Fake 0.5%
— B hadrons travel L ~3mm

before decay with large

y
charged track multiplicity orompt tracks Z, X

e or [Lin jet

Soft Lepton Tag
1 Exploits the b quarks semi-leptonic

decays
b
— These leptons have a softer py Tag 15%
spectrum than W/Z leptons e b— fvc (BR ~ 20%) Fake 3.6%

I . s (BR ~ 20%
= They are less isolated b— c— s (BR ~ 20%)



Calibrating the b-tagging Efficiency

Measure ratio of single- and double-tagged events
in b-enriched sample with soft (p>8 GeV) electrons

€data 240 1T 16%
EMC 29.2 + 1.1% away jet
ratio 82 + 6%




Jet Energy Correction

Determine true “parton” E from measured jet E in a cone 0.4

calorimeter jet

Non-uniforn h Correction to central region using dijet
response balance: to make response uniform in I
1
|
1 . . . . ..
_|| Correction to particle jets using dijet MC
l - tuned for single particle E/P, material,
'| and fragmentations: due to non-linear and
|l non-compensating cal.
i
|
Shower, frag. \ Out-of-que :correcFion to pgrton
g - ’top-specific correction” to light quark
‘.t_y * @ jets and b-jets separately
) o q\ P




Jet Energy Systematic

Frac. Syst. uncert. vs Pt

Systematic uncertainties in 0.2<n<0.6. Cone 0.4

=
—~
n

—— Fun ||

]
b

0.05

Runll

-0.05

Fractional systematic uncertainty

oo
IIII|IIII|IIII|IIII

-0.1

| | | | Central region
-O.]S'IIIIII||||||

20 40 60 80 100 120 140 160 180 200
Corrected jet P; (GeV)

A lot of work has been done to reduce the syst. from jet-energy scale (a
factor of two improvement compared to last year). The new Run II systematic
uncertainties are at the same level or better than Run 1.



Crosscheck of Jet Energy Correction

P, Balance vs p, . Data-Pythia. 0_2<lyl<0.6 P, Balance vs p, , Data-Pythia. 1.4<lyl<2.0

0.1

[
----- |l||..-l|lh'r|"|.|‘|.l'

Photon+jets, di-jet, Z+jets are used to cross-check the jet energy corrections.
Observed differences between data, Pythia, and Herwig are contained by the

jet systematic uncertainties in different N regions.



Kinematic Fitter

1. Try all jet-parton assignments with kinematic constraints,
but assign b-tagged jets to b-partons

2. Select the rec. mass Mt from the choice of lowest X?
3. If necessary, badly reconstructed Mt (x> >9 ) is removed
3 (8% — ph)?

TTE TE 3
_ s
¥~ = Liztdjets 7 +Xj—xy 5

o; o

r im”. __;_:;]Tr}J (g — i"i'i"ﬁ"}j [HTEJIL— ?.'-'E'r]-l (Hi‘bn. — mr}J

B : + - - ;
Iy [y I; Iz

All jets are allowed to be float according to their resolutions to
satisfy that M(W+)=M(W-)=80.4 GeV, M(t)=M(t)



Dzero results

D& Run Il Preliminary
+5.8 +7.1
l+jets (ideogram) 1715 ;s 74 GV
L=160 pb™ H——
+5.8 +7.8
I+jets (template, topological) 169.9 55 74 G&Y
=230 pb”’ H—e—1+
+4.2 +6.0
I+jets (template, b-tagged) 1706 42 50 GV
1=230pb™" H—e—
+44 +1.7
I+jets (matrix element, topological) 1695 44 5 OV
1=320 pb”’ o
+14.0 +7.0
dilepton (matrix weighting) 1990 140 70 &Y
- o ::
=230 pb!
+2.7 +3.3
World average (Run | only) 1780 57 33 GV
hep-ex/0404010

D¢ Run Il Preliminary

+.2 +41.1

dilepton (topological) 8.6 pb
(=230 pb'w H Py y 27 11
l+jets (topological) g7 416
=720 pb-'\ | | ' I | -1.3 14
combined (topological) 74 H2+14 pb
1=230 pb’ H—e—H A2
|+jets (soft 1 tag) 1.4 50
1=93 b’ H P P
el (Vertex tag) 11,4 198 +14
(=158 pb” H ° 43 14
- p I il
I+jets (Impact parameter) 76 113
=230 pbW I I . I I -1.1 09
|+jets (Vertex tag) 86 12" op
=230 pb” H—e—H 11 10
all hadronic 77 AT,

Cacciari et al. JHEP 0404:068(2004), m, =175 Gev/c?
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Comparison: Theory vs. Experiment

c (pb)
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12—

Top Quark Pair Production Cross Sections
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History: Top Mass Publications

240 — — —T —
: . new DO analysis
200 | ) "\ -
ao i o ? [t A @i ﬁ
£ 160 || . }% %‘%{* E% B % J
> I i 1
§ It 1 -
P S In 2010 this point should
@ 120 i T | have negligible uncertainties
= o (ML €L ® from EW fits
a 1 __."J-!' ) A direct measurement by CDF
|E 80 | '.--'ff - - ¥ direct measurement by DO n
i ) 11 1w B world average from direct measurements |
40 [ ; : ]
- lower limits prior to discovery in e*e” and pp collisions .
and from the \WW boson width
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Indirect Higgs mass search with M, ; and My,

2 — n aEM
T RGLm m0 -0

=N

Higgs mass can be constrained from precise W
mass and top quark mass measurements using
the formula above. (radiative correction)

Current CDF Run best single measurement
173.5+41 , \GeV/c? and all combined value (Run
I+Run II, CDF+D0, pick up best meas. in each >

channels) 172.7 2.9 GeV/c2 8

(S

Current best My, is inferred by LEP2 (80.392 >
0.039 GeV/c?), and world average is 80.410 T £
0.032 GeV/c2.

Best Higgs mass 91+45 5, GeV/c? and upper
limit 186 GeV/c2 @ 95% C.L.
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