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Top Quark as is

A few words about Top Quark:
The heaviest (and the point-like) quark: Mtop = 173.2 + 0.9 GeV

(Tevatron 2011 July combination)
- has a mass on the same order as the EW symmetry breaking scale

Top Quark decays before hadronization
Tmp=4'10_25 sec , Thadr=3.3°10_24 sec I g

Top Quark decays through ONE decay channel W &
t — bW 7T, BR(t — other) < O lU_:"’)t —

- spin information of the Wib vertex

Many of the SM extensions explain the large Top mass by

allowing the Top to participate in new dynamics

Top Quark is the good candidate to test the SM

- and search for the possible deviations from the SM
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Top Physics at Tevatron: main processes w

The main Top Quark production processes at Tevatron:

 Pair production: cross sections ~|175
Top mass: |Gev

g . t N
B, < 9700000 o gy t ERTN
2 ;
& : o
J g Bu000 F 9l 6.90
o +0.44
pb
(Moch and Uwer)
q t
e Single Top production: cross sections 0.98
. s-channel tb +
0.04
w+ /\/\/, p];)
2.16
_ t-channel tgb +
o X 0.12
pb
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http://prd.aps.org/abstract/PRD/v74/i11/e114012
http://prd.aps.org/abstract/PRD/v78/i3/e034003
http://prd.aps.org/abstract/PRD/v78/i1/e013004

Top Physics at Tevatron: Doble Top production

Double Top Production

» (Cross section measurement

« Top Quark mass measurement

* Top Quark Width measurement

* Spin correlations

» Forward-Backward Charge Asymmetry

* Heavy Top Quark search
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Top Physics at Tevatron: Double Top CS measurement A

7

II\I‘III\|I\II|\II\|II\I|\IIII\II
Il Cacciari et al., arXiv:0804.2800 (2008) DO Runll July 2011
7 Kidonakis & Vogt, arXiv:0805.3844 (2008) entonsiets + dilenfons (oL =
I Langenfeld, Moch & Uwer,arXiv:0906.5273 (2009 o P HH 7400 08 pb
Dilepton . 1.2710.71:0.46:0.42 +jets (topo + b-tagge 025 +07
=43 St (ost) (o) Cplonticts rorvimi 0 | e 1es0E 4 b
dileptons (topo + b-tagged, PLB) +045 +0.76
LeptontJets (ANN) |/ sl im  7.63+0.37:0.35:0.15 e R s P
(L=4.61") leptonttrack (taggedy o L, 5.0 16 09 5 pb
107" 14
Lepton#Jets (SVX) == e | 7.14:0.35:0.56:0.14 fautlopton (vamecy H—e—H 73275 R0uspb
(L 43ﬂ3) tau+jets (b-tagged, PRD) H—o—H 6.30 1& 8 1040 pb
1.0 b~
ﬁll-zhg?b;gnic i 7.24:0.50+1.10+0.42 au:;::bs_fb-tagged, PRO) o AN 69 1% 1% w4 pb
(stat) (syst) (lumi)
COF combined (IR 7.50:0.0. 34201 oo B e way
y{DOF= 0.60 m=172.5 GeVlc? CTEQBSM S Moch and P, e, PRD 76, 034003 (2008)
‘ | | | | ‘ Lo b o by WO gy [y ]
4|||5|||6|||7||_8|||9|||10|||11 :;F;r?mn?gu“ 0 2 i ﬁ- 8 10 12
G(pﬁ - tt) (pb) blue = 2010 results o (pp —ft+ X) [pb]
7.5+ 0.31-0.34 | Double Top cS | | 796 +0.63 - 0.56
« CS are in agreement in different channels
6
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Top Physics at Tevatron: Top quark mass A

Top Quark Mass
 Why is it necessary to measure the top quark mass?

- free parameter in SM
- constrain the SM Higgs mass and W boson mass

- check the consistency of SM (if Higgs will be found)

« Two main methods to measure the top quark mass at Tevatron

- Template method: compare distribution of an observable in data with MC
templates generated with different masses

- Matrix element method:: calculate event-by-event likelihood function, vs
generated top mass using convolution of the LO matrix element and the
detector resolution function
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« Tevatron combination (using up to 5.8 fb™'):

Mass of the Top Quark

July 2011

CDF-I dilepion

DJ-1 dilepton
CDF-I1l dilepton
DO-II dilepton
CDF-I lepton+jets

DO-I lepton+jets

+

I—+—I

(* preliminary)
167.4 +11.4 (£10.3£ 4.9)
168.4 £12.8 (¥12.3+ 3.6)
170.6 £ 3.8 (x2.2+3.1)
174.0+ 3.1 (+1.8+2.5)
176.1+ 7.4 (x5.1+£5.3)

180.1+ 5.3 (+3.9*3.6)

Top Physics at Tevatron: Top quark mass

M, =173.2+/-0.9 GeV
(PDG: M,_=172.9)

CDF-Il lepton+jets y 173.0+ 1.2 (+0.6+1.1)
DJ-II lepton+jets i 174.9+ 1.5 08+ 1.2) g0 T
CDF-I alljets 86.0 1.5 210.0+57) § o
CDF-ll alljets * B | 1725+ 2.1 (£1.4%1.5) §
CDF-Il track ¢ 166.9+ 9.5 (£9.0+2.9) : o > o
= PR
CDF-Il MET+Jets * N 17034 2.6 (182 1.8) = o Analysis
Tevatron combination * ] 173.2+ 0.9 (08208 Each analysis weights
| | | | xz/dof|= 8.3/11 (68T5°y/o)
150 160 170 180 190 200

m,,, (GeV/c?)
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Top Physics at Tevatron
Top Quark Width

 CDF, lepton+jets channel, 4.3fb™ Fg — \I@b\szmg’/(SW\/E)

« Reconstructed Mt and MW for each event are compared with templates
of different top widths, M set to be 172.5 in MC

» Feldman-Cousins approach to establish the upper top width limit

= L 1 w -
S GO Run i Fretmitary 4318 qﬁ 1— CDF Run !l Preliminary 4.3 fb” + -log(L)=0.5
vodl — 2.0 A, 4 (5.) , i B % -log(L)=2.0
00 (o intermediate . ¢ dogty=45
L — 2.0 4, (o) / . /
o analysis plots

M (Gevrc®)

Mijj for 1 b-tag sample

- | From the interception B B " G
ol :DB;:: - 4 ofthe overlapped plots The best fit picture
+ 20 C ST weystmaes sets the upper limit Ft0p<7. 6 GeV at95 CL
of top quark width (Tt0p> 8.7-10 “sec ),
Lipnae 0 0.3<I,,<4.4GeVat68 CL
% e :
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Top Physics at Tevatron: Top quark width

e DO, 2.3fb", indirect search

» Extract the value of the top quark width from the partial decay

[ (t->Wb) measured using the t-channel CS w

for single top production and from the branching

b

fraction B(t->Wb) measured in tT

'%' " D@ 2.3fb™ '% [ D@ 2.3 fb™
O, 1 '2; =~ Expected I'(t—>Wb) = 1.323’_;‘5: GeV O, 1 '2; [/ /] ExpectedT, = 1.327233 GeV
Z - ESJ Observed r(t->Wb) = 1.92°0%° GeV £, NN Observedr, = 1.9 Gev
& I &
© L S f
= 0.8 = 0.8 - +0.69
'g; o "q% o 6: Ftop — 1.99_0.55 GEV
g ™o g>° +1.3 4 0—25
o - o - .
o) o4 Toop™> 3.3 0510 “sec ),
02 0.2 'V, |<0.63
N R T ey Sy oy | G051 15 2 28 3 35 4
I'(t—>Wb) [GeV] I, [GeV]
Probability density for Probability density for
partial width total width ”
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Top Physics at Tevatron 2

Spin Correlations
Correlation between the spins of top and antitop quarks

. t
« Top quark decays before hadronization <
- top quark spin information transmitted to its -
decay proaucts Dominant process, so S=1 in SM

Spin correlation value may be affected by the non SM scenario

Two method for spin correlation
t

measurement =)
- angular distribution templates

- matrix element method g — g

d

t top quark anti-quark
rest frame
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Top Physms at Tevatron: Spm correlations i

« CDF, 5.3fb”, lepton+jets, template method

4

 MC samples which are correspond to 4 possible ttbar helicity states

Helicity Templates

- templates were created by combining (LR, RL) T ————

and (LL, RR) samples (OH and SH samples)

0.2f

— SH basis template

- beamline basis templates

o Fitting method is a binned likelinood fit to the

-1 -0.8 -06 -04 -02 0 0.2 04 06 08 1
cos(8,.) cos(6;)

data, using three separate templates Distribution of cosine
product variable

- the SH, OH and BckgrH templates Results

| Hellclty Basis Bilinear Cos(e) Cos(e ) |
. ‘ — .

2q0F 77T

220 CDF Run Il preliminary L=5.3 fb" l:l Opposite Helicity
200
180
160
4140

[=
2120
“ 100
80
60
40
20
oF

. s K___=0.72 % 0.64stat + 0.26 syst
Helicity basis distribution of the cos(6lep)cos(8down) ~ =

in helicity basis: F_, = 0.74 + 0.24stat * 0.11syst

= 0.48 + 0.48stat + 0.22 syst

Helicity

In beamline basis: F, = 0.86 + 0.32stat + 0.13syst

where OH fraction in signal is 0.74 QFTHEP-2011



Top Physics at Tevatron: Spin correlations 2

DO, 5.4fb™", {T, dilepton final state

7

related to the |V | without assumptions about number of quark generations

Lepton or quark Neutrino or

tT spin correlation strength C is obtained from:

1 do 1
— = —(1 — C cos 0, cos 6-)
o dcos 01d cos 0, 4 q

( NLO QCD predictions: C = 0.777:)

- top quark

« MC samples with/without correlations b quark rest frame
S —  Binned maximum likelihood fit
[ D@ L=5.41fb" —— Data 1 Measured value of C:

B tt SM spin corr. ] L e e ~

[_]1i no spin corr. | A AT AT T T T T
] [ NLO QCD

[l Backgrounds osl

] | -0.35<C <0.55
] |  @sesC.L.

150

Events

100(-

Results:

50 ]
i 68% C.L. ]
95% C.L.

005 0 05 i
cos 9, cos 6, -

DS L=5.4 fb' ]

The distribution for the entire sample.
The summed tT signal, incl. NLO QCD O — 0.107Y-4° (stat+syst)
spin correlation and all bckgrds are

—0.45
compared to data QFTHEP-2011



Top Physms at Tevatron: Spin correlations, ME approach

« DO, 54fb1 {T, dilepton final state

%

« Hypothesis that the spins of tT are uncorrelated
« Matrix-element-based approach

- exploring the full matrix elements in LO QCD
PH =1)

P(H=0)+P(H=1)
* Result on template fit: =0.74+0.40-0.41 (stat+syst)

e Define descriminator R =

- corresponds to C=0.57 +/- 0.31 (stat+syst)

100 —— Data DO, L=5.4 fb™ o8l

tt SM spin corr.
80 "t tt no spin corr.

]l measured ti

60—: Emm Background

Nevents

40

68.0% C.L.

- — o.z2|—
20 i G - 95.0% C.L.

o 1 2

meas

Different CL bands of f as f o

the combined dilepton sample for the fitted from likelihood fits to MC events.
cross section of tT sample compared to data Vertical line corresponds to f=0.74 14

The predicted discriminant distribution R for
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Top Physics at Tevatron 2

Forward-Backward Charge Asymmetry
QCD predicts that top quark-antiquark production in quark and antiquark

collisions is forward-backward symmetric at LO

- possible asymmetry appears at higher order

Asymmetry is such that top quark is preferentially emitted in the direction of
the incoming light quark

- antitop follows the direction of incoming antiquark
asymmetry is a sensitive variable to test the new physics contribution

A charge asymmetry can be observed as forward-backward asymmetry
defined as:

NAy>0 _ NAy(U &y =Yt — VUi Tevatron 4 tuptn_t
A — anti-top
Fb NAY>0 4 NAyY<0 N- number of events
y - rapidities : .
SM predicts: A_ .= 0.06+/-0.01 n

15
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Top Physms at Tevatron: FB charge asymmetry

« CDF, 5.3fb”, tT, combined result from lepton+jets and dilepton
L+J DIL
A, 0.158 £ 0.072444¢ == 0.0174,5 0.42 £ 0.154444 &= 0.054,,
A,, of the Top Quark

« Method: from the measured value and 4o

PRD8A-011504 (2011) July 2011
its uncertainty the effective numbers | o i o
of events in the forward and backward | | N
directions can be estimated / oo

» Results: coF oL :
A_ = 0.201+/-0.065+/-0.018 (stat+syst)
about 3 sigma away from oo omaned e
no assymmetry |
0s 0z 0 oz o4 o5 os
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Top Physics at Tevatron: FB charge asymmetry

« DO, 5.4fb”, T, lepton + jets

 Employ a kinematic fitting technique to fully reconstruct the tT events

- the energies and angles of the detected objects are varied and the most likely

jet-parton assignment is identified by

minimizing a chi” 2 function based on the

experimental resolution

- good agreement between data and simulation

2 160
[

Q140
w

[ K]
] W+jets
I Multijet

e Data

+ D@, 5.4 fb™

120
100
80
60
40
20

15 -1 0.5 0 0.5 1 15
qul

The reconstructed charge-signed
Lepton rapidity

QFTHEP-2011

D@,5.4fb" [
(a) ] Wejets

[l Multijet
¢ Data

0 10 20 30 40 50 60 70 80 90 ) 100

Results: AFB= 9.2+/-3.7 %
( theory: A = 2.4+/-0.7 % );
le
AFB P~ 14.2+/-3.8 %
(theory:  A_"'=0.8+/-0.6 %)

- disagree with theory predictions with

discrepancy above three SD v



@ Anomalous Top Quark Production: t' search

Heavy top (t') quark search
« CDF, 5.6fb™, lepton plus jets, t'T' production

-t'is palr-prqduced strongly, M(t )>M( ), decays promptly to Wb final states

103F
CDF Run 2 (5.6 fb™")

3 Observed

CDF Run 2 (5.6 fb™)

Preliminary + Observed
102f

] tt
W+jets, EW

&'
B Qcb —

— wxes ew| Distributions of HT and

101F

events/25 GeV

t’ (360 GeV)
100F

Mreco showing expected
o 20 o 2O 1 signal contribution for a
e AN TTITRRURS [y ST) RV

S Lo HETTY I, | 1t mass of 360 GeV.

Mreco (GeV)

(‘;DF Fturll 2 (5.6lfb'1}
Preliminary » exclude the standard model
t'—=Whb, = 4 jets

Hr vs. Migco vS. Njet

forth-generation

observed 95% CL
range of upper limit

Uppar imits t'-quark with mass below 358 GeV

theoretical prediction
Bonciani et al.

200 250 300 350 400 450 500
t" mass (GeV/c?)
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Top Physics at Tevatron: Doble Top production w

Single Top Production

» Single Top production Cross Section

* Beyond-the-SM physics related to Single Top

19
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single top quark production

t Tevatron

L]

1CS a

Top Phys

&

2.34+0.012 pb

Single Top Quark Cross Section
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1.12+0.04 pb

NNLO __

August 2009

2% pb

0
217 %

CDF Lepton+jets 3.2 fb™
CDF VET+jets

S pb

2
50 %5

58 pb

0
3.94 %5

Lepton+jets 2.3 fb™

Dg

8
37 pb

0
2.76 Xy

Tevatron Combination

Preliminary

170 GeV

I B.W. Harris et al., PRD 66, 054024 (2002)

Miop

N. Kidonakis, PRD 74, 114012 (2006)

Observation of the

S

ingle Top Quark

Production (2009)
D0 & CDF combination

o (tb+tgb) = 2.76"

+7pb

4
o (pp — tb+X, tqb+X) [pb]

V,|=0.88+0.07
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Top Physms at Tevatron: smgle top quark production g/ *

DO, 5.4fb", single top, lepton + jets

CompHEP-based MC generator
Three different MVA techniques

7]

An improved measurement of the production rate of tb and tgb

- boosted desicion trees, Baesian neural networks, neuroevolution of
augmented topologies (NEAT); each method defines the discriminant

- (f) DO, 5.4 fb™
20 e Data
I m tb+tqgb
15 Wijets
B tt

10 B Multijets

Yield [Events/0.04]

5

s o085 09 o095 1
Ranked B, .., discriminant

Distribution of the discriminant
for the signal region

2 0.60 (c)
£ 0.5
D "L
2 0.4
% 0.3
702
a 0.1

DO, 5.4 fb™"

csexpected
= 3.49)7 pb

csobserved

D0 results
7 (tb+tgb) = 3.43")7°pb
'V,|>0.79

= 3.43 )73 pb

23'45678

tb+tqb cross section [pb]

Posterior probability density
for tb+tgb production

CS/

was
extracted without
any assumption
on the tb
production rate

QFTHEP-2011




Top Physics at Tevatron

BSM physics related to Single Top

FCNC
y Top couplings




Anomalous Top Quark Production: FCNC 4

Flavor Changing Neutral Gurrents (FCNQC)
change the flavour of the quarks without changing the charge

SM: absent on the tree level but do occur at higher order in
perturbation theory through loop diagrams

can be realized in extensions of the SM
SM two-Higgs  SUSY

B(t = cg) 5107 107° 107°
B(t = ¢y) 5-107" 10~° 107°
B(t —cZ) ~107" 1077 10+

« Tevatron: FCNC via gluons

Ht-u_g _ P—-U Aﬁ a Htcg _ ;_“,J A{I a c
g wo —t G, +ogl—ca—t G, + h.c
AV ) TR )
K % i J K t
- G: gauge field tensor of gluon -
(f K : strength of rug or tcg couplings (f
g g
A: scale of new physics

OFTHEP-20%1




Anomalous Top Quark Production: FCNC at CDF

. 22fb b
- the first one at the Tevatron searching \ Sau
I*
for 2->1 process "
e u(c)+g—>t—>Wb—lvb topology 4
Vi
« apply NN
. CDF Il Preliminary 2.2 b 3. CDF ] Prellminary 2.2 fb™
= 3 T y " _g_ " heo,ry. NLO ——
E [ :Eh:%r{ﬁ:‘:%to@ 95% Cl.L. _ [ El::gid::t@gg% L.
% L [CJexclude 3 % i
o o
& : =
Elbg ------- Elbg

& mw / A < 18 Te\/_1 assuming keeg = 0
m”j,/\ 069 TeV— I assuming Ktug = 0

QFTHEP-2011 :



« 23fb

Anomalous Top Quark Production: FCNC at DO

* lepton + jets topology 9 t u,c t

« 2 set of signal events:

Yield

[Events/0.02]
S
o

-
o
o

NN applied: g a,c 5 5

(a) - D@ 2.3 fb™’
Egug tgc "%‘1-6 DG 2.3 fb™! &%'0'05_“’) DO 2.3 b
_— tgu a 95% C.L. ic,. /A limits: F 0.078  95% C.L. K, /A limits:
W t - 1.4 tgu/ 5 g
. Sl\-ﬂl-ltebs tab Zyo Expected: 0.016 TeV™ "-;-0.06 Expected: 0.066 TeV"'
= +1q z Observed: 0.013 Tev" | £ oo Observed: 0.057 TeV"
& S
| -multljets Zo. §0.04
it IateSt go. 5 0.03
9 7]
& 0. S 0.02
Tevatron . ®
0.2 04 06 038 1 5 = '
Ranked FCNC BNN Output FCNC results: % os 115 2 25 s 85 2  oeieipiimm=
(Kig/ A)? [10™* TeV?]

(Kige/ AY [10° TeV?]

Cross section 0.20 pb

Kigs /A 0.013 TeV~! 0.057 TeV ™!
B(t — qg) 2.0 x 10~* 3.9 x 1073

ZS>
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Top Physics at Tevatron: W' in single top 2

W' search
@eotive lagrangian of W' interaction to fermions in model-independent form:
V
P S q] i ,

af,f S GCLL, i /eft and right couplings of W' to fermions

gy = - Standard Model weak coupling constant

sin(0)

Ve - Standard Model CKM matrix element
- -« Different scenarios of W"interaction to fermions: - - - - - -

Left-Handed W' Right-Handed W' Mixed case
(SM-like couplings)

L _ L _ R __ L _ R __
Agq, 1’aq q; =0 aqiqj_o’aqiqj_l Uq,q, 1’aqiq1 1

My >M, ; M, . <M
QFTHEP-2011
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Anomalous Top Quark Production: W' at CDF

e 1.9fb"

e modeled the Right-handed W' I t
e W' —1th— Wbb— lvjj (W+jets) topology

Q|
T

* many features from the single top analysis

e search for right-handed W' in the s-channel

[ COFRunli: 1.9 b |

CDF Run II: 1.9 fb™' | CDOF Runli: 1.9 fb™" |
ta Expect

1.2
E Da 160 ed Limit -
C Sin op E [ + 1o Expected Lim
300— tt 1.4 F —e— Observed Limit 1=
B Mistags, Non-W P15 N S S— T Qpserved i ow
250 W+ +c, WW . C seeeeen. Theory: W—s |
o W Z,ZZ, Z+j g 1.2y k. : B - 0.8
F 600 /e W’ (9 pb) — = \ Y
@ 200~ I S _
s r T - \ LN 2 0.
= Z o C R
w 150 ED.S:— \ Y =
= = =
C 3 0.6 E— 0.4
100} s f \
F 0.4 o - \‘\ 5 [ ] Excluded Region
50— . r e —— 0.2 weeee-e- Obs Limit: W' — Iv Forbidden
s = L T s L i e Obs Limit: W' — v Allowed
et i ST T T T I R ol v L e L L L
100 200 30" o \:,09 500 600 700 %00 400 500 600 700, 800 900 300 400 500 600 700 800 900
5 (GeVic') W’ Mass (GeV/c’) W* Mass (GeV')

« CDF results: - limits on masses of My, > 800GeV/¢* M,, > M,
right W' with SM-like couplings: My > 825GeV/c*> My, . <M,
and on the strength of W' couplings
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http://www-cdf.fnal.gov/physics/new/top/2007/singletop/Wprime/Public_2fb.html

Top Physics at Tevatron: W' k

q t t
e DO results: 2.3fb™' PLB 699. 145 (2011) W+ W’
» three scenarios of W' interaction _ ~
q’ b b

to fermions: 1) SM + left-handed W' , 2) purely right-handed W', 3) mixed case

e |nterference of W and W'

= S5F = 6r = 6
- _Q C C
S as5-(@) DG 2.3 fb”! S £(b) D@ 2.3 b 2 () D@ 2.3 b
S 4 —®- Observed limit | SF —8— Observed limit | SC —8— Observed limit
T 350 --@- Expected limit T F - @ Expected limit T A - @ - Expected limit
IE 3;_ - W’ (aL=1’ aR=0) f. Ig 45 —— W’ (aL=0, aR=1) IE E - W’ (aL=l, aR=1)
© 2.5F ’ ° 3 ° 3
2 - -
155 2¢ 2C
e 1f 1
0'5 __________________ L o, . ..a---® gy
e, JAPET TS PR TS RUEY FEEEE S e, il NN S PR S B |
%00 650 700 750 800 850 900 950 1000 q;oo 650 700 750 800 850 900 950 1000 %00 650 700 750 800 850 900 950 1000
M(W’) [GeV] M(W?) [GeV] M(W?’) [GeV]

% M

(W'(left) - Iv,qq) > 863 GeV
Newest M(

(

(

W'(right) - Iv,qq) > 885 GeV
W'(left,right) - Iv,qq) > 916 GeV
W'(right) - qq) > 890 GeV at 95% CL

Tevatron >

results: M

/ M

28

QFTHEP-2011



Top Physics at Tevatron: Charged Scalar ?

Charged Scalar Search
« S-channel production of Charged Scalar

/o |

Charged Higgs Branching Fractions

- L= H'G o -~ 17 = © H'ownb
P = Hraldl (=5 )+ )]e & P
—_ ° '; s "t,‘ H+ HOW
: £ AN
: -_510'25— ; -
SRR N W
m L M(H )=:200 Gev; 3

L | M S| |
1 10 102

« Various types of 2HDM are tan B
distinguished by their strategy %' 195 Excluded region 2HDM Type |
O Region where analysis is not
for avoiding FCNC EE 190 |- — valid (T, > 50 GeV) |
Mg+ (GeV)|tanf < 0.1 tanf=1 tanf=5 tan3 > 10 |
180 [12.9 (11.4) 14.3 (12.2) 13.7 (11.7) 13.7 (12.2) 185 - |
200 [[5.9(9.6)] o 3(9.9) 65 (10.0) 6.5 (10.0)
220 [[29(42)] 3.0 (4.4) 3.0(45) 3.0 (4.5) |
U0 [[23(3.1)] 24(33) 26(35) 26 (35) B0 500 1!
260 |[3.0(28)] 3.0(29) 3.0(3.0) 3.0 (3.0) it i S S S B
280 |[4.0(26)] 42(27) 45(29) 45 (29) 10 20 30 40 S0 60 70
300 |[45(24)] 47 (24) 49(25) 49 (2.5) tan 3
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Top physics at Tevatron: AnomWtb w

Anomalous Wib Couplings Search

 Effective Lagrangian in model-independent
form: vector left and right couplings

4 -, 'R
Low = ﬁ W, b~ (f 1L Pr+ IH £ R) t
g

V2 My

DWW, b ot (]‘;.L Pr, + fQBPE’) t + h.c.

tensor left and right couplings

P, x=1/2:(1Fy;) | g =Ry )
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Top Physics at Tevatron: AnomWtb

0.9fb "

look at two couplings at a time and assume that the others are negligible
consider three cases

- allow the left-handed vector coupling and any one of the others to be non-zero
use boosted decision trees to discriminate between signal and background

- different composition of the signal samples for each scenario
80

- D@ 0.91b" —e- data
o fi(=1)

o

4o§_
R
1o§_

0(;..

The same variables as for DO single top

observation paper
- plus lepton Pt (helps to distinguish

the signals for the different couplings)

Yield [Events/7.5GeV]

|...|...|...|..'.- i
20 40 60 80 100 120 140
Charged Lepton P, [GeV]
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Top Physics at Tevatron: AnomWtb in DO

100" p@ 0.9 ib'

-

401

Yield [Events/0.1]

T

80- @ +_+_+

*data
fi(=1)
bkg

+ ...fIE

100f. D209 fb’ o data 1605 pg 0.9 fb™ o data
= | (b) fi(=1) ,-:-_14'15' (€) _+_ fi(=1)
g 100 bkg o 120fF bkg

= =1 100 —f}

5 o0 4 - £ 4 %
3 eo 1 > gof 2
i, 80 o 80 e
I - g 60F
o 40- o g
> > 4a0f

200 44 aof Yo e

% 01020304050

Declislon Tree Output

% 0.1020.304 0506070809 1

Declslon Tree Output

% 010203040506070808 1

Declsion Tree Output

Representative output distributions for the data and the sum of SM signal and bckgrds
« compute 95% C.L. upper limits on anomalous couplings

Scenario Cross section Coupling
(Ly, Ly) 44135 pb 1P = 14758

|f5[> < 0.5 at 95% C.L.
(Ly, Ry) 5.2735 pb fi1P = 18545

|f®]* <2.5at95% C.L.
(Ly, Ry) 45732 pb FEP = 14102

I/ <0.3at95% C.L.

2

f DO 0.9 1" (a) 2 Do (b}
:‘: 3 #® max posterior '
1.4F 68% CL contour
1.2k 80% CL contour
e A B 95%: CL contour
= sk
06E
0.4
=
b osY 152253354

L2
1

e

%05 1 %5225 3 35 4

Plots of the 2D posterior probability density for

left-vector and left-tenzor couplings
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Top Physics at Tevatron: anomalous top couplings w

.« 0.9fb Phys.Rev.Lett.102:092002,2009.

« combination of the DO results for W helicity fractions in tT events

with information about single-top quark production

 investigate one pair of couplings at a time - the others have SM values

_ (b)
DO 1fb" e Measured Peak
[ Ces=: C.L.
Moo= C.L.
Mas=:C.L.

=

IF; 2 1 : : 1 ¢ L
Scenario Coupling Coupling limit if fir =1
W helicity prior (a) and final posterior density (b) (L1, R1) | flj; |2 =1.2770%% .
For right- vs left-handed vector coupling il <095 AT <101
: T (LI:LZ) |f1 | = 12775 4s
* 95% C.L. combined limits <032 |2 <028
(L1, Ra) [fi]* = 1047055
on anomalous couplings fP <023 |#? <0.23
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http://prl.aps.org/abstract/PRL/v100/i6/e062004

Top Physics at the Tevatron: Conclusion 2 *
e Tevatron performed many possible measurements of top quark
parameters

« Tevatron demonstrates a good agreement with SM predictions
- FB asymmetry

« Tevatron searches for anomalous Top production:

- the limits on the anomalous cross sections, W' mass, FCNC couplings, AnomWib
couplings, t' mass.

* we expect more analyses in the nearest future statistic.
 details of all analyses listed here are available at the common pages:

CDF results
DO results
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http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-cdf.fnal.gov/physics/new/top/public_mass.html

Top Physics at the Tevatron: Summary w
« Results from Tevatron: double top production
Double top production cross section:

CS (iT) =75+ 0.31 - 0.34 pb
Top quark mass: I\/Itop=173.2+/-0.9 GeV

Top quark width: Ftop<7.6 GeV
Spin correlation:

in helicity basis: F_, =0.74 + 0.24stat + 0.11syst

= 0.48 + 0.48stat + 0.22 syst

Helicity

in beamline basis: F_ = 0.86 + 0.32stat + 0.13syst
K. =0.72 £ 0.64stat + 0.26 syst

Beam
Forward-Backward asymmetry:
A_= 0.201+/-0.065+/-0.018 (stat+syst)

35
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Top Physics at the Tevatron: Summary w

* Results from Tevatron: single top production

Single top production cross section:
CS (tb+tgb) = 3.43 + 0.73 - 0.74 pb

FCNC parameters: K"/L <0.013, K°/L < 0.057

Mass of W' : M(W'(left) - Iv,qq) > 863 GeV
M(W'(right) - Iv,qq) > 885 GeV

M(W'(left,right) - Iv,qq) > 916 GeV

M(W'(right) - qq) > 890 GeV

Wib vertex parameters: |f]? < 1.01
1F¥]? < 0.28
I7E)? < 0.23

W
W
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