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Overview

1995: Discovery of top pair production
top quark strong interaction w single top pr oduction
(@co) }" electroweak Vo°

Is our top = SM top?
® cross section
(single top and top pair)
® Properties of produc-
tion (fg 7 asymmetry)

interaction oet
|

® Wtb-couplings
® Charge, lifetime,
branching ratios

New physics in events

Top quark mass: New physics in top with top signature?
® Important SM parameter events? e fourth generation: t'
(constraints on Higgs mass) e G T (e ® SUSY partner: stop

® Precision measurement

® Anomalous top prod.
® Are all results consistent?

® New physics in decay
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Top Quark Production

Tevatron: proton anti-proton collisions at /s = 1.96 TeV

Top pair production:
SM: o0 =6.7 £ 0.8 pb

M. Cacciari et al., arXiv:0.804.2800, N.Kidonakis et al,
arXiv:0805.3844, P. Uwer et al., arXiv:0807.2794

quark anti-quark , ¢

annihilation

q

8
~ 85 %

q t
& gluonfusion :
g t

LHC 2008, Split, 1.10.2008

Single top production:
SM: 0=29=+04pb

B.W. Harris et al., Phys. Rev. D 66, 054024 (2002), Z. Sullivan,
Phys. Rev. D 70, 114012 (2004), N. Kidonakis, Phys. Rev. D74,
114012 (2006)

t-channel: :
W+
y — Vo,
o,=1.98 +0.25 pb
) t
V[(/ o th
4 b

o.=0.88+0.11 pb

ﬂ(IT Jeannine Wagner-Kuhr



Decay of Top Quarks

- bW = 1 < .
t b 00 % L v, v b-Jet Top pairs:
t \ lepton+jets
_ b * BR = 30 %
Top pairs: * moderate
..g background
e
Q . g B
3 = 2 3 all hadronic
£ = o
> 3 E
T o =
o 2
o
= 2 Tt tau plus jets
2 = ingl
= £ lepton plus jets =l
© t-channel

ev/uv

W decay mode

Single top: Leptonic W decay (e or p)
(BR~ 21 %)
LHC 2008, Split, 1.10.2008 AICIT Jeannine wagner-Kuhr 8
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—;43 Single Top Quarks - Cross Section

CDF and DG tbh+tqb Cross Section

gvlé)l;beecision Trees i 24 ig:g pb

g?l;bMatrix Elements i 27 ig:g pb

SIITJI;bIHeuraI Networks i Lo 21 tg; ob

g?l:blr1ikelihood Funcs. i o 20 tg:g pb
|

ST mama e 2207 o

ODg fEgcision Trees : 49 ﬂ :: pb
!

g(g fl\l;;l_riltrix Elements i 48 11 :i pb

gg fiﬂYeSian NNs i 44 il :i ob

EgDCombination i 4.7 t:llg pb
I

I N. Kidonakis, PRD 74, 114
Z. Sullivan, PRD 70, 1140
|

(20086)

m =175 GeV
(2004) 1P

|
July 2008 0 5 10
6 (pp — th+X, tqb+X) [pb]

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr

Experimental challenge:
Large background from W+jets
- Use of multivariate techniques

2/3 Jets CDF Il Prellmlnary 2.7 fb'1

@

W
o
o

M single top
Ottt
ClWbb+Wcc
B Wc
Il Mistags
I Diboson
C1Z+jets
EQCD

o data

200/

oo 888833

Candidate Events
=
c T

MC normalized to SM predictlo

1 -05 0 0.5 1
NN Output

@ Combination: Exp. p-value: 4.9 ¢
arXiv:0809.2581  Obs. p-value: 3.7 o

Combination: Exp. p-value: 2.3 ¢
Phys. Rev. D78, 012005 (2008) Obs. p-value: 3.6 o

Strong evidence for single top at
both Tevatron experiments
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EE Top Pair Cross Section

CDF Run Il preliminary’ July 2008
" [ Cacciari et al., arXiv:0804.2800 (2008)  Assume m.=175 GeV/c® | DQ Run il -- preliminary 27 August 2008
Kidonakis & Vogt, arXiv:0805.3844 (2008) ! T
[T Moch & Uwer, arXiv:0807.2794 (2008) N 2
I+jets & dilepton & tau+lepton” +0.46 +0.64
. . ° 110fb71 P p o 7.83 00 0222048 pb
Lepton+Trac )
ﬁ-_ 1.1 fb l( 8.3+1.3+0.7+0.5 I-:sztfijb-tagged & topological, PRL) H-®-H 7.42 0,53 £0.46 £0.45 pb
. @ '
Le(thor]I+:1I'rfEti}cj( Vertex tag 10.11.841 140.6 I+jets (neural network b-tagged)* PP 8.20 *0-22*0.77 1050 pb
= ’ I i 1.0 fo"!
._4,’..... dilepton (topological)* e | 7.03 F1:12+0.78 o .o pb
Dilepton 6.7+0.8+0.4+0.4 10" B
{ } __‘,*i I+track (b-tagged)* oL H 5.0 j.i :g‘g :03 pb
- I . ) i—— 10 fb_1 . X
Lepton+Jet§1 Kinematic ANN 6 8+0.4+0 6+0.4 tautlenton (b-tagaed:: ot 344120
(L=2.81b") PO (bagged) H—e—H 7.32 7100 1 ta 045 pb
2.2 fo- T
g ]
'Lepton+Jetf§% Vertex Tag b 7 24+0.4+0.5+0.4 tautjets (b-tagged)* I PY 1 54 42 %07 .03 pb
(L=271h ) e e 04 fo! -35 07
. alljets (b-tagged, PRD) o—Hi 45 20 *14 55 ph
Lepton+Jets; Soft Electron Tég 7 842 441 5405 0.4 fo ©o1e -1 e
(L=20t )  Ammasdl 0 T T T T T (stat) (syst) (lumi)
'Lepton+Jet5' Soft Muon Tag . M. =175 GeV B M. Cacciari efal., arXiv:0804.2800
- d 8.7+1.14+0.9+0.5 top ~ N. Kidonakis Bnd R/ Vogt, arXiv:0805.3844
(L_ 2.01b } CTEQE.6M S. Moch and E Uwer, arXiv:0804.1476
MET+Jets: Vertex Tag + +0.84
(L—03fb?) 6.141.2 £75+0.4 0 2 4 6 8 10 12
° - -
All-hadronic: Vertex Tag 8 3+1.0 +2%05 S (pp —>t) [pb]
(L=1.01") WE Y s
- : ikl 0=7.8+0.5¢tat)+0.6¢yst)+0.50umi) pb
CDF combingd 7.0+0.3+0.4+0.4 (RS RS A ey Bsl e i 2
(L=2.81fb )
(stat)r(syst)(lumi)
- 0 o
| | | | | | | | Rel. uncertainty of o: ~9%

0 2 4 6 8 10 12 14

o(pp — tt) (pb)

0=7.0+x0.3(ta)*+ O.4(syst.) + 0.4 1umi) pb

Measurements in all channels and with
different methods are consistent

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr 11
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® Sensitive to spin configuration:
I+j: Kinematic of prod. and decay (NN)
Il : Azimuthal angle difference between leptons

® Sensitive to radiation of soft gluons:
I+j: Number of tracks with small p_

Lepton +jets

0.07;
0.06f ., Gluon-rich
ﬁf:_’ — No-gluon
£0.05
T i P
©0.04; % CDF Run Il Preliminary
N : 3 J- Ldt~1fb"
20.03- # H
£ onl X\
> 0.02—;55
0.01!
5 ",
= 'b%‘
07...I....I\...I....I....I....I... = |
5 10152025303540455
Number of low p; tracks
arXiv:0807.4262

LHC 2008, Split, 1.10.2008

0

events

D I - I e pto n CDF Run Il Preliminary (2 fb'1)
—e— data
35 gqq +gg+ BG
——gg + BG
30 + - background
25 | .
20 E—
15 | | 4%—/ | ]
|
10 F | ]
5L ]
0 ...............................
0 0.5 1 1.5 2 25 3

ﬂ(IT Jeannine Wagner-Kuhr

v tg v i
Al 2l
g:fﬁ<t a i

Production via Gluon Fusion

q

I+] combination:
Jog = 0'071_8:(1)3

I: fgg = 0531—8:32

NLO: f,, = 0.15 & 0.05

Measurements con-
sistent with SM

12




Forward-Backward Asymmetry

® SM: small asymmetry of ~5% caused by NLO ttX effects

entries

* New physics (Z' or axigluons) might enhance asymmetry lepton+jets
CDF I L=1-9fb'1@ Production Angle Distribution (L = 1.9 b™) o 20
| @ [ g18_-149+20T0ppalrs D@,09fb"  (a)
:CDFDa1a+ . Mc:syl;nmetry: §120— carrzeted _ () 17 4 0,07 4 0 04" — : [ ] 36t11 Wajets I l!
: --E;ﬁ%ﬁub&g + :Aj&, 2 Ay 0.17 £ 0.07%" + 0.04 [i _'g@ 16_- 21-_r3MuIt|I]et n |
jooL ™l 100/ o {,_ § 14: e 206 Data
L -Eownjt\:ﬁ;kg " -Backgrounds e :s;_ l era |
i 8F || Ay=0| |
! 6
50 s
L 2h
_l_ 00 01 02 03 04 05 06 07 08 09 1
Phys. Rev. Lett. 100, 142002 (2008) LD2
Uncorrected:
arXiv:0806.2472 Ay T 00402 0020402 08 1A =(12+8%+1)%
! ttbar,vis
SM: A = (0.8+0.2+1.0)%
Corrected for acceptance and measurement waris = { )%
dilutions:

Asymmetries larger than SM
pred., but consistent with
SM:A,. = 6=x1)%,A = (@x1)% pred. within uncertainties

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr 13
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Witb vertex (interaction Lagrangian)

e Wtb coupling

g e 1 -
L= 7‘; W bv*(fy P + fi{*Pr)t — —— oW, botV (fL P, + szPR)t] +h.c.
|%%
SM couplin S:fL=1,fL=fR=fR=0 ,
pling - 2 1 2 100:— D@ 0.9 fi5' © data
Non-SM couplings would _ = g @ - =)
affect: Single top, - +‘+‘+ o
S 60 h
® Single top production: boo.st.ed % b " fR_fR_0
Rate and kin. distributions decision trees g ol e ] i
. arXiv:0807.1692 ol B
® Top pair events: G 070205040506070509 1
W-helicity in top decay, Decision Tree Output
sensitive variable cos©*: Coupling Measured Value g

l+

b <

—
"""""""""" e =P top

Angle between lepton and
negative direction of top quark
in W-Boson rest frame

v,

L, rE bk
fL, fER Fids

147035, |fF1* <05
1.8%13, |ff1* <25

0.9
14708, |fE2<0.3

Results consistent with SM

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr

14



=5 Wtb coupling: W-Helicity

SM prediction: f =0.7, f =03, f=0
Longitudinal left-handed  right-handed

* Lepton+jets channel * Lepton+jets and di-lepton
® Combination of two analyses ® Use both W's in each event
(template and convolution analysis) 212
| cn: Il preliminary, 1.9 fb" | template analysis 1:r DO Run Il Preliminary
< F [ L=22-271b"
0.9
u.aé—
o.7§—
0.6%—
0.5;—
u.4§—
0.3%-
0.1;— ' '1_2
-%._aillll-lll.:illll-l.lIIl-l.lIll-lllll.llll.lllll. III!].a'lv f+
i f0 =0.49 £ 0.13, f+ =0.11 £ 0.07
f0 = 0.66 £ 0.16, f+ =-0.03 + 0.07

Results compatible with SM

f =0.62£0.11 (SMf), f =-0.04  0.05 (SMf)
LHC 2008, Split, 1.10.2008 AIIT Jeannine Wagner-Kuhr 15
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7~ Tevatron Top Mass Combination

Mass of the Top Quark (*Preliminary)

| &
CDF-1di-| 167.4+10.3+4.9

| & i .
"CDF-II di- e 1712427429 dates in different decay
"DO-11 di-| o 174.4+32 42 1 channels
CDF- 1] ¢ 176.1£ 5.1+ 5.3 : :

| —— 7 ® Calibrate jet energy scale
DO ] 180.1:39=36 | Lepton+Jets TR,
, | P with in-situ measurement
CDF-] 17224+1.0+1.3 .. i i
: | -9 of W—jj (1+j, all j)
DO-lla 1+ 1715+15+15
. . -
DO-1Ib 1+ 173.0+1.3+1.7

. @ .
CDF-lal-j 186.0+10.0+57| All hadronic
"CDF-1l al| ® 176.91 26 +3.3 Relative precision of top
"CDF-1l irk ¢ 1753+62+30| I+f: pT', ny quark mass: 0.7%
, , . i I
Tevatron July'08 172.4 i{géa'ii' -{Isj-’cs]t almost entirely CO“S'Stent results N a"
idof=6.9110@®1%)| JES independent
| | | | | | & decay channels and for
150 160 170 180 190 200 different methods
m, (GeV/c)

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr 17



9 top
.. i i lepton+jets
ME-method, in-situ calibration, use of neural networks
D@ Run lIb Preliminary, L=1.2 fb™
CDF Run Il Preliminary 2.7 fb” @ @ 1'11 lepton+jets, calibrated B
© T 108/~
| :
< s 1.06{-
B 1.0
o L
i 132}
o5 —AlnL)=-05 [ AlnL=2.0
- — A(lnlL)=-2.0 1
- —Aln)=-45 ;
-1 ! | o Lo v o by v g by ol l | l 0_98I||||||||||||||||||||||||||||
167 1- 155 170 171 172 173 1?4 175 166 168 170 172 174 176 178 180
m, (Ge‘Wc ) M., (GeV)
Runlla+b, L=2.2/fb:
M =(172.2£1.0 £1.3) GeV M, =(172.2£1.0 + 1.4) GeV

Relative precision of most precise individual top mass measurements: ~1%

LHC 2008, Split, 1.10.2008 AIKUT Jeannine Wagner-Kuhr 18



New Physics in Top Events?
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Top Pairs - Massive Resonances?

. lepton+jets
91 t Leptophoblc Z protl
Z, L - I e e rrT I
'g. E_ — Expected limit 95% CL _E
: 425_ witieuncertainty band _-
_ _ % = ~*- Observed limit 95% CL 3
q t g, 355 — Topcolor Z’ (CTEQBU)_‘
L 3E =
0 E
. . © 255 DﬂL21fb1—
Sensitive variable: Reconstructed mass of oF Preliminary -
top pair 15F -
1= E
0.55 3
Heavy gluon General search Qno 200 500 600 700 800 900 1000 1100
0 4 CDF Runll Preliminary 1. 9fb1 10" CDF Il Preliminary MX [GeV]
r I'g=0.10 Mg ;
0 3:_ _ - Expected 95% C.L. upper I‘|m.|tt1cr - —— SM Expectation
'<O 02; [ Expected 95% C.L. lower limit i1c7 — - M Uncortainios
UO' £ S o Dam [L-19%01 1 No hints for
1] T oal 0] )
< e ] massive re-
0 ==10°
0.1 3 sohances
r o
0.2 S in top pair
:_ i Xcluae e |ons ' B 10-4 E =
03 Rttt - production
-0.4" 400 500 600 700 800 0 200 400 600 800 1000 1200 1400

M (GeV/c ) Unfolded M. [GeV/c']

LHC 2008, Split, 1.10.2008 AIIT Jeannine Wagner-Kuhr 20



QO .. _
-+~ Single Top — Massive Resonances?

-
o
o

B e+, 2 jets, 1+2 b-tags

i { {
I ﬁ * D@ 0.9 fb ! 1

‘ I tb + tgb
B it

Events/20 GeV
[o4]
(=]

60 + W + jets H+ W’
B Multijets —. B -, B
sl H'(180 GeV) x 50 q b q b
B e H*(240 GeV) x 50
! + + - H*(300 GeV) x 50
201~ bl_ i, Sensitive variable:
T T TR T Reconstructed mass of the tb-pair (M, )
arXiv:0807.089 M(jet1,jet2,W) [GeV] »
Additional boson: W'
CDF Run Il Preliminary, L=1.9 fb’1 Il Single Top — i " —
_ I(Monte Carlo Scaled to Data) [ ttbar -g_ | D@ 0.91b —— gbserv;:clilhmﬂ
r D7 B e _ — ---m--- Expected limit
250} /é 2 Jets 1 Tag %miaﬁ;NonW I§ 3 ‘ (b) - W’phflelt_}D (M, >My) .
[ 14 [ Wb like T ] —a— W NLO (M, <My) No hints for
200 N - —— Data z . no W/W’ interference
b4 v | 2 27 massive re-
€ 150} ] ]
i X
g = sohances
100 1 = 11 I !
| lg ; in single top
50 . o .
| L - s oL, | . . production
0 100 200 300 400 500 600 700 600 700 800 900
KS: 16.3% ’
Chi2lDoF/:13.4I20: 84.1% My, (GeV/c) Phys. Rev. Lett. 100, 21 180‘33’(%%%? [GeV]

LHC 2008, Split, 1.10.2008 ICUT Jeannine wagner-Kuhr 21
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5~ Top Pairs - Search for H"in Decay

& ;
® Search for H~>cs

e Sensitive variable: ij 7

Di-jet mass in top decays [CDF Runll Preliminary]

% 40F
E - JL:z_zimfb'
El 35 - i —a— [ata
@ [ i
'E 30 = D Wintf
g : |:l non-tt
@ B
= 25 -_ ...... Brit— H*{120GeV) b) = 0.1
E """ WeHiggs(120GeV)+non-tt
20—
15[
10
5
SRS 1 SR RO +

U(l 20 4(] BU 80 100 120 140 150180
M(di-jet) [GeV/c 2

M. [GeV]
S

160

140

120

100

T | T 1 I
- H' —cs H =1y B
- Expected limit 95% CL CL
- Excluded 95% CL N\ Excluded 95%cCL ]
?\
:—\\ -
0N ] tauonic
» ‘\\ leptophobic
[ i\‘
o \ J
- \ N
A {
5 ‘l\ ;i
= “‘ i‘
80 - fFrod ol e | A L L L R | !
1 10

® Search separately for H>cs
and H>Tv

® Measure rate across several
decay modes

D@ Run Il Preliminary

tan

No hints for a charged Higgs
in decays of top pair events

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr
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FCNC in top pair decays

q

Sensitive variable:

X? of kinematic fit with FCNC
hypothesis

B(t~>Zq) < 3.7% (95% C.L.)

arXiv:0805.2109

LHC 2008, Split, 1.10.2008

Candidate Evenis

- Search for FCNC

FCNC in single top production

Use standard %
single top se-
lection, but re-
quire Njets=1 g

W+1Jet 1Tag CDF Il Preliminary 2.2 fb'1

Phys. Rev. Lett. 99, 191802 (2007)

300}

o <1.8 pb,

200f

B anotop
M single top
Ot

50
40
30
20
10

Owbb+Wee
EWc_
EWqq
mDiboson
O Z+jets
machD

= data

MC normalized to prediction

-0.5 0 05 1

NN Output (95% C.L.)

thu//\ < 0.025 /TeV

No hints for FCNC in top events

ﬂ(IT Jeannine Wagner-Kuhr 23



New Physics in Events with
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7+ Heavy Top - t' & Top Partner - stop

9
q X L
@ LY Do
X,
[, j=—0> conf.
-~ 7 note
PN 5600
_ 1 X
q R !
® Search for a t' in events with top ® Search for a light stop in events with
pair lepton+jets signature top pair di-lepton signature
® Sensitive variables: Rec. t' mass ® Sensitive variable: Rec. stop mass
M __, total trans. energy in event H_ (assume (x] + v) as pseudo-patrticle)
Observed 95% CL
! ) ' ’ i CDF Run Il Preliminary (2.7 fb)
CDF Run 2 (2.8 fb') 85E M(7;)=105.8 GeV/c?
) Preliminary o BR( T 0=
= t'—>Wq, > 4 jets ; 7St
o | Hy vs Myoco ] B ?05 BR2(Y,—7vI)=0.50
1 3
|& cig—__GS
FO. 1t observed :: BR({. -7 vI)=0.25
theoretical prediction b Y N N .
Bonciani et al. 120 130 140 Mﬁ;;:wg 160 170 180
200 300 400 500
t mass (GeV/c?) No hints for new physics with top signature

LHC 2008, Split, 1.10.2008 ﬂ(IT Jeannine Wagner-Kuhr 25



e Summary S

Most recent results on top quark
physics from Tevatron:

¢ Our top quark behaves like the SM
top quark

® Relative precision of top mass
measurement: 0.7%

= . ‘.;__.- -..‘tl;ﬁcjrok1 \:
® No hints of new physics in top events  FZEaSe n_

®* No hints of new physics in events
with top signature

Still potential to improve precision and
sensitivity for new physics

LHC 2008, Split, 1.10.2008 AIIT Jeannine Wagner-Kuhr 26



