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Oultline

* Infroduction

. (5"/6Ij

* sedrch for anomalous kinematics

» search for heavy 4" generation t'

* Br(t > Wb)/Br(t > Wq)

* Br(t > tv)

* charged Higgs search in top decays
* W-helicity in top quark decays

» outlook
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The TEVATRON at Fermilab

Integrated Luminosity
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’ i Fiscal Year 03 Integrated Luminosty + Fiscal Year 02 Integrated Luminostty — Design — Base

Run 11987 (92)-95 L  ~ 125 pb™ In spring 2002 passed Run-1 lumi record
Run 11 2001-09(?) 4-9 fb™ CDF and D@ ~780 pb'' recorded each (¢ ~90%)
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Muon Scintillators

\ Muon Chambers

= R

Calorimeter

Toroid

* Precise fracking and vertexing
new bigger silicon/fiber tracker, new drift chamber, TOF
* Upgraded calorimeter and muon system
* Upgraded DAQ/trigger
* ~670 - 750 physicists resolutions:
EM: o /E=13.5 - 15% / sqri(E)

HAD: c_/E = 50 - 80 % / sqrt(E)
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Top Quark Physics

with high precision answer ...

e - talk by E.Busato .
if Proclleilon Cross=Szeiior talk by A Tattard > Why IS fop SO hequ ?

i Procleilon Yiel iz Hasariclriz = . . .
il ey + Is fop/third generation special ?
Selrl Palelizeiiior) *|s top involved in EWSB ?

*|s it connected to new physics ?

talk by T.Tomura

Too Melss

: S Ariorncllols Cotolinig)s
Tao WMielir

_ e CF Violalfior)

fop Sgir Rare/non-SM Decays
T (SherAa % . =

liop Charge Branching Ratios
A

W helicity
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Decay Topology in ¢ ¢

Top quarks decay predominantly Hrex 44% top decay 22 %
(=100%) to a'W-Boson and ab-quark B L+jets

[l etjets
Top-Antitop Signatures: Bete

|:| e+|.l ’48 %
0+ 1.4% 1.4% 14.8 %
B hadronic 2.8 %

“dilepton channel'
5%: 2jets, 2 charged leptons, 2 v

'lepton+jets channel'
30%: 4 jets, 1 charged lepton, 1 v

‘all-jets channel’
40%: 6 jets

always 2 jets are b-jets
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Anoralous 7 ¢ Production (l)

Test if top - dilepton the same as top - lepton+jets o R R iy | Mmoo

Dilepton; Combined
(L= 200pb ')

I+

Di Iepton MET, # jets
L= 193pb")

Does top decay into something else than Wb ? Ceptonsote. iner BT
(for example H* = cs, ™v) Loptons ote: Vertox Tag @1

(L= 318pb"")

I+ I+

.°°
-
H
H

NA| =22 aa aa aa 90 oo aa aa
Fw~Nd ow ww NN e 99 oo aa NN

Lepton+Jets: Double Vertex Tag 9 0
f ’3‘8 - I,l

like Xb, where X - qq (100%) Loptons ote: Viriex TolRImS At 6,0
or Yb,whereY->lv (100%) ? optopets: 41 Pron Tag

-
Lepton-i-.Jebs Soft Muon Tag
(L= 193pb")

I+

-+ I+
[ NN| we aa sa aal o9 oo nnp N

F o we NMew oo NN 909 o b 2k

-
N
Y
FY

I+

I+
I+

o @
W =]

I+
I+

All Hadronic: Vertex Tag
(L= 165pb ")

estimate using ratio of top cross sectionR=c / ¢

H+

q

- .
o @
kS

ljets 0 2 4 6 8
o(pp — tO) (pb)

i 1 ndf 201.7 /127 3

Constant 4205+ 8.719 3
] +

Mean 1.452 + 0.002788 3 R=1 45 0.83

] -0.55
Sigma  0.8415 £ 0.006934

E R > 0.46 (< 4.45) at 95%CL
CDF Preliminary

BR(t -~ Xb) < 0.46 at 95% CL
5 BR(t -~ Yq) <0.47 at 95% CL
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Anornalous 7 ¢ Production (l)

In Run-1 several CDF dilepton events at very high MET and P ‘***"
5 suggested to originate from heavy squark decay

here: study four. kinematic distributions of dilepton events (a priori choice)

CDF Il preliminary —¥— Data (193 pb ) CDF Il preliminary —¥—Data (193 pb ")
. Total SM+ 15 141 Total SM * 15

Bl t (c=6.7 pb)

1af Il tf (c=6.7 pb)

7

“

2 [] SM background r ] SM background
Z -

Z

C P
L A .
A T AR S N ]

700 750 ' ~B0 100 120 140 160 180 200
E;, GeV leading lepton p,.

—»— Data (193 pb) DreC AT —»— Data (193 pb’)
Total SM + 1o - Total SM + 1o

Il f (c=6.7 pb) Il tf (c=6.7 pb)

[ SM background é ] SM background PrObCIbllli'y of
1.0-4.5% to be
less consistent
with SM than
observation

SRR ANNNAN

25 3
Ad(l, Er)rad
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Anornalous 7/ Production (Il)

Heavy quarks (4th generation) t' » Wq exist in various extensions of SM:

» 2-Higgs Doublet Model, N=2 SUSY L 4™ generation fermions
s “beautiful mirrors model”,accommodate AFB" (LEP): © x> Wb

* Little Higgs Modeils (hierarchy problem) » heavy t

(non-minimal models © md') < 1 TeV)

> search for t* > Wq in lepton+jets+MET events (CDF, 195 pb')
fit-H_ disfribution for. possible contributions

CDF Run 2 195 pb-
t'—Wq, { + 24 jets channel 7
Preliminary ]

| t'_>Wq search CDF Run 2 (195 pb'1) )
Njet 2 4 Preliminary

. Bt
top 95% CL upper
Wijets limit, my=225 GeV [ 95% CL

| I QCD i upper limit

Cacciari, et al.,

NLL resummed expect: _
hep-ph/0303085 m(t) > 300 GeV .

v - . @2 b

miy > 1756ey 0 %00 350 400

@ 195 pb'' t' mass (GeV)

UNIVERSITY OF
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Top Quark Decays (I)

Assuming 3 quark generations & CKM unitarity: 0.9990 < 1V, 1< 0.9992 (90% CL)

D R_BR(Z—>Wb)
~ BR(t—Wq)

* If non-SM top decay
* or non-SM background to tthar
= or a fourth quark generation ® Rand IV, | significantly less than unity

=0.9980—0.9984

Compare expected and observed rate of 0, 1 and 2 b-tag ttbar events in |+j and
di-lepton (CDF, 162 pb:") or I+jets events (DD, 230 pb™')

* counting experimentin 2 1 tag
* ANN / likelihood'in 0-tag

event tagging efficiency depends on flavour composition

N®=N'""€(R)+N® in i-tag sample

N''=) (N{"—N/%) inclusive (CDF)

N'=0,. € .accept.-BR(t—...) per channel (D0)

tt “selection

UNIVERSITY OF
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Top Quark Decays (ll)

CDF: fit for R - simultaneous fit for R and o

D@ Preliminary

05 1 15 2 25R

R=1.12"5%

95% C.L.
68% C.L.

B 95% C.L.
@ 90% C.L. Ca G 1a g5 1 ass daa Rl g el S PR g b g e | E g
[ 68% C.L. 0 02 04 06 08 1 12 14 16 18 2

15 B(t - Wb)/B(t — Wq)

- +0.19 +
R=1.1 2+0.27 (Sfdf"‘SYSf) R ] -03 017 (StQt SYSf)

023 R>0.64 @95% C.L.
R>0.61 @95% C.L. IV_1>0.80 @95% C.L.

IV. 1 >0.78 @ 95% C.L.
o c, = 7.9""7_]_5 (stat+syst) £0.5 (lumi) pb

Top quark decay to W and b quark is indeed dominant ... !

UUUUUUUUUUUU
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t » v Decays

* Standard Model's third generation is intriguing
* Study third generation to shed light on origin of particle masses
*> Extensions of Standard Model predict similar topologies

e.g. charged Higgs

Compare rate of lepton + 7 + jets + MET events in CDF data
with hadronically decaying © to SM expectation::
[> expect 2.3 events, observe 2 events

s A r
kLN Pretimmnary (35 phT) C CDF RUN2 Preliminary (58 pb")

—— W->tv MC + ele data BG N W->tv MC + ele data BG

m W->tvData m W->tvData

. ele data (dominant BG)

. ele data (dominant BG)

80 i
60

_ BR(t—TV)

AT P T L
o 1 2 3 4 5 6 7 0 10 20 30 40 50 60 70 80 90100

tau candidate track multiplicit tau candidate track + n° Pt (GeV
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r =
" BRy,(t—-TV)

40;
li zgj’i r <5.0 at 95% C.L.
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Search for Charged Higgs ()

* In 2-Higgs Doublet Models (e.g. MSSM) H* exist
slfmn:<m t->HD can compete with t->Wb

> Changes in event topology according to H* decay (scalar, channels) :

M,,=100 GeV M, =160 GeV

—
T

H* decays to

v

H* decays to

bt
)

o
f-Y
T T T 1 T T T

—CS

i
o

—tb
—W'h°
WAl

«aex BR(t— H'b)

Branching ratio
Branching ratio

ot
)

0,

excess of T decays in ttbar events

small tan B { i excess of fully hadronic ttbar events
2 exira b-jets in ttbar events
* Combine CDF data (192 pb™') in dilepton, lepton+jets (1 b-tag),

leptontjets (2 2 b-tags), lepton+hadronically decaying t
* taking t > H*b and H* decay branching ratios into account
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Search for Charged Higgs (ll)

t — H' b search CDF Run Il Preliminary t — H' b search CDF Run Il Preliminary
Excluded 95 %CL m= 175 GeV/c? [Ldt=192 pb’ Excluded 95 %CL m= 175 GeV/c? [Ldt=192 pb’

— SM Expected — SM Expected

E= sMz 1 Expected E= sMt 1 Expected
[ Excluded CDF Run |l [ Excluded CDF Run |l

|:| Excluded LEP |:| Excluded LEP

7

Theoretically
inaccessible

\:
é

Theoretically
inaccessible
1 | 111 | | I.//I’/I FAASK A A58 A

\"
7
7

N
N
N
N
N
B
o
o
“Q
N
[

LEP (ALEPH, DELPHI, L3 and OPAL)
Assuming H'>tv or H— ¢B only

10°

LEP (ALEPH, DELPHI, L3 and OPAL)

Assuming H:>tv or = ¢8 only

AN
TR AR

10°

-
o

-

o

10 10
tan(p) tan(p)

M, =1000 GeVic?, u=-500 GeVic®, A=A =2000 GeVic®, A.=500 GeVic® M, 5, =1000 GeVic?, p=500 GeV/c?, A=A _=2800 GeVic’, A.=500 GeVic’

M,=0.498"M,, M, =M; =M, =M, =M;=M=M, =M; 5y M,=0.498"M,, M, =M; =M, =M, =M;=M=M, =M; oy

tan 3 >30: Br(f>H*b) enhanced by low 1 tan 3 >30: Br(1>H"b) suppressed by large u

tan ¢ ~ 1: H*>Wh® occurs
e g Mo ecom ety 11§ Br¢HE->tv) = 100% e Norst Case BR Combination
16°_BR(H—HV)E1; B(H_u-_a)=ER(H_>:‘E)=BR(H_>w*h°)=o b lim“ on Brcéth) C

150C —— SM Expected

—— SM expected

E SM + o expected

. Excluded CDF Run Il

B sM1 10 Expected

140C
r [ cOoF Run Il Excluded

)

M., (GeVic
R
[=]
\|I\II‘II\\|\\II|II\\l\\ll‘ll\ll\\l\‘ll\ll

Scan over all Br(H*-.))

> quote weakest limit
on Br(t->H*b) o
T (model independent) 02 04 05

BR(t— H'b)

m,;= 70 GeV/c’
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Weak Top Decay - Helicity of the W

Ti8 g m1_ys V-A b spin =1/2
Top Standard Model weak decay - [y 1=y’ |V, bW,

V-A coupling asiit'is for all the other fermions fspl =1/ _%
W+ spin=1

Suppressed by the
V-A coupling

W Lefi-Handed W, longitudinal  w, Right-Handed
fraction F fraction F, fraction F,

Helicity of W manifests
itself in decay product
kinematics

... for any V, A combinations ...

UNIVERSITY OF

... M\8.7.2005 Top Properties and Rare Decays from the Tevatron - Arnulf Quadt - HCP2005 ROCHESTER Page 15
B S S W S S S S L L L L S S S S S S S S S S S S S S S



Helicity of the W in ttbar Events (l)

Charged leptons from ... Explicit reconstr. of decay angle
.. left-handed W opposite toW & soft p_

... longitudinal W fransverse to W' > harder P,

CDF, 162 - 200 pb'':
|+jets with 1, 22 b-tag andi di-lepton

:_CDF Il Preliminary | CDF Run Il Preliminary (162 pb')
:/ Ldt = 200 pb~! :

F,=0.27°%

4

@ O ks & @
SO

38

ko ek sk ek

)
5 NoNAONoNROK

-log(L) + constant

N

-log(likelihood)

——Best Fit

—— Longitudinal

—— Left-handed
Background

best fit

entries/20 GeV
W

N

left-handed component |

longitudinal component |

background component |

150 500 550
charged-lepton p; (GeV)

Run-I analysis (CDF, I+j, di-lepton): F < 0.18 @ 95% C.L.
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Helicity of the W in tibar Events (ll)

D@ Runil: D@ Run I
* extended Mairix Element’ technique * kinematic fit + decay angle reconstr.
(@la Run-I m, measurement) * fopological + b-tag sample In I+jets
* Now ailso dilepfon p_ analysis (new)

F. <0.25@95% CL —e- DO data
/—\ E 230 pb" tt— l+jets (V-A)
15 _ tt— l+jets (V+A)
Jﬁ/f \ background
L(Fo):fL(mt:Fo>dmz iLLLg :
F,=0.56 + 0.31 By Ll +

0 .f‘z“.; E.E§<‘§;<‘.§<<‘f5 E.; /v; fé.zf SRR *‘

-1 -0.5 0 0.5 1
CcOso*

g

UUUUUUUUUUUU
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Helicity of the W in ttbar Evenis (lll)

* D@ search for right-handed W in dilepton channel (370 pb™)

“eu (15), ee (5), uu (2) events
- compare dilepton P, spectrum with template distribution for. V+A

contribution

D@ Run Il Preliminary R DZ Run Il Preliminary /

—e— Data

— Stat. only

Signal + Bkg Model

Signal Model
Stat. + syst.

-+ Bkg Model

370 pb™

- : [ ] [ ]
P S NSNS IR i Al Bl PR i e e e o it i ol b b b b b by |
00 20 40 60 80 100 1é0 140 160 180 200 005 01 015 0.2 0.25 0.3 0.?15
Lepton pt (GeV) f

F,=0.13+£0.20(stat)*+0.06(syst) (dilepton)
F . =0.00+0.13(stat)*=0.07 (syst) (I+ jets)
F,=0.04+0.11(stat)+0.06(syst) (combined)

F.,=00-0.25 @95% CL

UNIVERSITY OF
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Surnary

* The top quark is unique among the six quarks

- mass - production (strong & weak)
- charge - decay
- spin - couplings (gauge or new)

* Will study the top quark and its role in Nature
with unprecedented precision ...

Outlook:

In addition fo analyses presented further studies ongoing
* tf production via intermediate resonances

* fop quark charge

* fop spin correlation

* anomalous top quark production via FCNC coupling
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