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Key to electroweak symmetry breaking

top quark
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s-channel single top production
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SM single top quark production
ASEEeTEd
production

g

q>’U1WﬂJ<t
b 7 5

t

Tevatron:

LHC:
(7 TeV)

LHC:
(14 TeV)

g, ..=76pb
g, =326 pb

SM tasks:
e Weak interaction of bare quarks

e Measure total cross section — CKM matrix element |V
e Top polarization, PDFs
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New physics in single top

~ New | New coupling: New particles:

Inteli;aCNUOnS- modified Wtb heavy boson
CNC coupling or charged Higgs

or anomalous or T' or B’
CKM matrix

q . g t % W
e | i >N
c t q >

New physics tasks:

e measure individual cross sections — different modes sensitive to different
new physics
e look for specific new physics scenarios

e W’, fourth generation quarks, charged Higgs

e gluon FCNC
e anomalous Wtb couplings
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Fermilab single top history

DO Publication history ‘

. Search PRD 63, 031101 (2000) - Search: PRD 65, 091102 (2002)
Search: PLB 517, 282 (2001) Run | W P30, 031602 (20%0)
= Search PLB 622, 265 (2005) . Search PRD 69, 052003 (2004
LW PLB 641, 423 (2006) - Search PRD 71, 012005 (2005)
. Search: PRD 75, 092007 (2007) Run il - Evidence: PRL 101, 252001 (2008)
- Evidence: PRL 98, 181802 (2007) - FCNC: (PRL) arX1v:0812.3400
- FCNC: PRL 99, 191802 (2007) - W’ (PRL) arX1v:0902.3276
W PRL 100, 211802 (2007) . Observation:  (PRL) arXiv:0903.0885
- Evidence PRD 78, 012005 (2008) . MET+jets PRD 81, 072003 (2010)
- Witb PRL 101, 221801 (2008) . Observation PRD 82, 112005 (2010)
. Witb: PRL 102, 092002 (2009)
-H*: (PRL) arXiv:0807.0859

. Observation: (PRL) arXiv:0903.0850
. tau search PLB 690, 5 (2010)
. t-chan meas. PLB 682, 363 (2010)

. FCNC PLB 693, 81 (2010)
.topwidth  PRL 106, 22001 (2011)
W PLB 699, 145 (2011)

.t-chan obs.  (PLB) arXiv:1105.2788
. S+t meas (PRD) arXiv:1108.3091
. Wtb coupl.  (PLB) arXiv

MICHIGAN STATE

Reinhard Schwienhorst T RTOIR TN



Single top quark event signature

‘ Antiproton b

Proton —»
® -® -® - -

b-quark jet

High-momentum gy
lepton (e or p) ;

é Missing transverse energy
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Single top quark event signature

'

5% 3 q
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Background processes

% i{e b
Q
14
31 0 total inelastic, QCD multijets
g 1012 b Jet
Q q g - ot
S 1010 bottom quark pairs & P €
73
@ 10°
= W bosons
S 108 i n— ”
- Z bosons g A/ A
3 104 top quark pairs v .t .
o single top quarks )
3102 (new physics) go* \ :
R 5 t
-
\CP/ w q
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Candidate Events

Candidate Events

200

Discriminating variables

TLC 2Jets 1Tag CDF Il

M single top
e _

I Wbb+Wee
BWe
Wwagq

P Diboson
[T Z+jets
aco

* data +

MC normalized to data
Candidate Events

200
M (lvb) [GeV/c]

250

Preliminary 3.2 fb”

!
a [ ._”

100+ 7
!

-0.5
KIT Flavor Sep. Output

M single top
Eea _
CIwobbeWee
B We

W waeq

B Diboson
[T1Z+jets
[maco

« data

MC normalized to data
Yield [events / 10 GeV]

0.5

cross-check sample

TLC 2Jets 0Tag CDF Il Preliminary 3.2 i’

M single top
e _
Iwbbewee
mwe
Bwaqq

[ Diboson
[ Z+jets
maco

« data

MC normalized to data

200
M (Ilvb) [GeV/c]

250

W+Jets Cross-Check Sample

400’. -1 Data ¢ |
DO 23fb N
| wbb 'R
. Hy<175 GeV
300 1 b-tag Wee
. 2jets Wj+Wcjm
. Non-W IR
100
0.

0 50 100
W Boson Transverse Mass [GeV]
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D@ 23fb’
?00 W tb+tgb
§600 . N WHjets
g . Other
{400 W
3 B Multijets
>200
0 00 200 300 400 500
H,(jets,l.v) [GeV]
DO 2.3fb"
< ' all channels
=
3600
| —
Q
>
w
5400
3
S
200

S !
Q(lepton) x n(light-quark jet)
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Tevatron analysis outline

Trigger Single top b-quark
selection event kinematics tagging
S/B=1/10° th
tqgb TN
tt— 1l
tt — I+jets I
wbb Il
weec IR
S/B = 1/250, af—
50,000 events/tb e
=
Statistical analysis Combination Multivariate techniques
BDT NN ME
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Multivariate methods

Input: Method: Output:
discriminating variables multivariate analysis  signal likelihood

Event energy
Quark jet angle
Reconstructed top mass

—( P(signal)

Cut-Based Neural networks ~ Decision trees Iikelihood
Boosted decision trees  Bayesian neural networks Neuro evolution Matrix Elements

Reinhard Schwienhorst



Single top production cross section

A Several multivariate Boosted Neural Matrix
. . Decision Trees Networks Elements Likelihood
filters combined in

one final discriminant

- BNN (DO)
~ NEAT (CDF)
COF Rupn,L=32m'
D@ Single Top 2.3 fb" ” -a;r:%lg Top
= : = .
o Data ¢ W+jets I @ 104 QCD+Mistag
>~ | tb+tgb 1R tt 1l Lﬁ Bl Other
€ 600 sl b o Multijets N -— Data
o ,
Lﬁ j| ISagnal Region 103
| 40 .
400
| 20 10°
200 b8 o085 09 095 ok
0O 0.2 0.4 0.6 0.8 1 1 sl
0 0.2 0.4 0.6 0.8 1

Discriminant Output -y
Super Discriminant
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Results and combination

g DO 2.3 b’
§ S o reePe ! — Fach experiment observes 5 ¢ significance
Ztu FCNC
g Y 9,004, — D@ and CDF measurements are
s #* IV, =02 .
3 | Toptavor consistent to 1.6 o
@ m,:lTeV . . . . .
E n JoPhen — Combination of MVA distributions
Efﬂ% cL. A Bayesian statistical analysis
[ 90% C.L. ) . : :
B o5 c.L. A Taking all uncertainty correlations into account
1

S 1 2 3 a5 Sjngle Top Quark Cross Section August 2009

s-channel cross section [pb

. B CDF Run Il Preliminary, L=3.2 fb™’ DO Lepton+iets : 3.94 :832 pb
N e BestFit '
Taeod| M 68.3%CL i : +0.56
15 95.5% CL CDF Lepio ' HeH 217 555pb
g 99.7% CL : —_
., W SM(NLO) CDF MET+jets 2.1f ' ® i 5.0 53 pb
8 | B SM (NNNLO) : '
= | o +0.58
g =l Tevatron Combination 2.76 _o'47 Pb
& . i
= - 5 _ v
i . 3 P ) =170 Ge
5 | [ T Y |
= . AW. 0 2 4 6 8
0 05 1 15 2 25 3 35 4 45 § o
s-Channel Cross Section o_ [pb| o) (pp 4 tb+X, tqb"'X) [pb]
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CKM matrix element Vtb

Vi ,

VAV %Q VCKM 5% VCd VCS V b
-«s."'*:_:.‘«“% \ \/td \/tS w )

A CI‘OSS SeCtiOn oC |th|2 .§ 3:” Tevatron Preliminary, August 2009
025" -
— Assume SM top quark decay: 3""5?‘ V| =0.80:0.07
2 2 2 T[] 95% C.L. limit: 0.77

[Vtd|“+Vis|*«|Vtb| g
. a
— Pure V-A and CP conserving Wtb vertex — 4.sF
A No assumption on number of families -
or unitarity :
0.5
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t-channel production

&2000/(2) DO 541" I (b) DO 5.41b"
=] . e Data o
215008 Wit-channel & 40
i e s-channel <+
e New analysis & 1000k Wijets | §
: -1 i - -ﬁ >
with 5.4 fb 3 | % m Multijets | 1L,
e Dedicated £ 500 . - 20
t-channel filter “tea, | 5
e No assumption 0 02 04 06 0.8
_ Ranked t-channel discriminant —
about s-channel 86 07 08 09 1
e 5.5 ¢ significance Ranked t-channel discriminant
g | D@ 5.4 fb
< 600 . = %

o s samil | DG,5.41b" 5 = 0% C.L
30 ' & e 2 4 = 95% C.L.
S 400 th + tgb p
4 tb 7))

o 1 2

20 o o
+ S 200 ” [ ,
~ c
R et *l Ul g e
3 _ N sm
! + + l 0 [~ mrtete ’+ + +| * h - {;} ::335:';;?.';3022“ { Four generations" |
0L .4ﬁ , [ PAL sy vos0s 200r O Top-flavor
-4 -2 0 2 . O rene'®
Q(lepton) X n(light-quark |et) 0 02 04 06 08 1 0Oy T T,
Ranked B, discriminant s-channel cross section [pb]
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Top quark properties
e top quark width from

t-channel cross section

q
—use R=B(t—=Wb)/B(t—=Wx) to obtain full width

[ = 2.057 21

Y
GeV 7, =(3.2757) x 107%°s

b
e Top quark polarization from spin correlation
(R: V+A, L: V-A)
CDF Run Il Preliminary, L=3.2 fb” "
= P AC
% 95% CL. q ‘@ L* v
E B 68% CL 3 D
o « CDF 11 Data © W %)
| < R R
q’ b
o

Analysis using likelihood function
Test for right-handed coupling in

top production
o .  Dolarization =

(=

OR—OL __ _1+l.:.'>
OCR+0O] —0
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Tevatron new physics searches
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Gluon-

FCNC 1n single top

A DO: 2—2 process
% Same final state as
t-channel
 multivariate

-
A CDF: 2—1 process

SM single top
Bttt _
EIWbbeWcET
mWc_

BWqq

, M Diboson

300

Candidate Events

* multivariate analysis using NN

g

P

analysis using BNN sooby Sz
| * data (2.2 1b") u, C
q ¢ 505070809 1 |
vgtu ] —1
g T 0.025 Tel
u, C t .

’ 1 05 0 05 1 Kgic oy r—1
< (d) DG 23fb ' U NN Output  \ < 0.105 TeV Dy
© 150
4
&

& 100
>
b,
E 95% CL limits: tgu tge
> Cross section 0.20 pb 0.27 pb
pE— i1 f/\ 0.013 TeV ™! 0.057 TeV~*
: 2.0 x 10~* 3.9 x 107°

Cos(lepton,jet1) B(t — qg)
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Single top anomalous coupling

A Left-vector (ft;, =1 in SM), right-vector (fR,), b
left-tensor (f,), right-tensor (f},) top
L = ———bv“‘ w(fiPr + fi'Pr)tW,, W
D)
q “LU Yqu

L R - :
- 3 (ffPr + fEPR)YW, + h.c.

A W helicity measurement and single top anomalous couplings
searches are both sensitive: combine (PRL 102, 092002 (2009)

A Updated measurement with 5.4 fb!

5

g DO 5.4 fb ! 0.5 DO 5.4fb" + 0.5 DO 5.4 fb”
--me i (d) ® Measured Peak “:;0 4: (b) ® Measured Peak -—n_:eo 4:_ (f) ® Measured Peak
= 3 |fR |2 []68% C.L. > U |fL2|2 []68% C.L. = T []68% C.L.
: B 920% C.L. 0.3- [l o0% C.L. 0.3- B 90% C.L.
2- B 95% C.L. i M 95% C.L. : [ 95% C.L.
[ 0.2 0.2-
i 9 B 2 §
’ %12 < 0.93 |2 <0.13 - [R,)2<0.06
i 0.1f 0.1;
- @ l n
;, L T L. L L ﬁlﬂ;
1 2 3 3 b 85 1 15 2 %

. 0.5 1 1.5 2
2 2 2
v, f | \N AN
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Search for W' boson

- Explore simultaneously left-handed and right-

q w' handed couplings % D623 M)
- 950/0 CL |ImItS: 0.8
> M, > 863 GeV (SM-like)
q b " 0.6
M, > 885 GeV (R, M,, < m .)
0.4
M, > 890 GeV (R, M, > m ) |
My > 916 GeV (L+R) b ©
s | (a) DO 23! | % 02 04 06 08 1 900
i Data al
5 — W’: 850 GeV (x15) z oF
- ——— 2 DO 2.3 i’
—ntg g Sf ~®- Observed limit
: +:Jets . ) - @ Expected limit
—_ tLi-i-Jcls. dibosons g 4 v W’ (a=1, a*=1)
e

0 Multijets

0, o e, U8, A 00 650 700 750 800 850 900 950 1000
Boosted Decision Trees Output M(W?) [GeV]
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Large Hadron Collider
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40F

Measurement of t-channel production [{€MsS

F CMS, 36 pb'Ns = 7 TeV

q « 36 pb' of 2010 data

Event selection:
1 electron or muon

! E.(p,) > 30/20 GeV
b« M (W)>50/40 GeV

- =2 jets (p; > 30 GeV), 21 b-tag
- fewer channels than Tevatron, tighter

| cuts

m.e | Background modeling:

o™ 1« normalize W+jets and QCD to data
=" 3« top background to theory

B W+light jets .

Jaco Analysis procedure:

I other
4 « BDT with 37 variables

%05 1 15 2 25 3 as 4 45 5 o 2-dfitto lightjet n and spin correlation

n

|
light jet
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t-channel result

wsspvvllvvlv':]I'Ivl"rr‘[rt‘rlr‘rv[‘rvr‘[‘l |
t | CMS 36pb ' Ns=7TeV
2 30F
& E = 3 CM'S' ‘36.p'b' \'s' : '7'T'e.V' E& SRESEEES 3
25 S 1800} 1
: ¢ "' =0 tag control sample :
20F Ww 1600 3
: 14001 S
15 1200:~ A\ Q variation E
10 1000 E
8001 3
0 400+ .
-1 -08 06 -04 - 02 0 02 04 06 08 1 200;_ E
cos 6" 05 BT
| £ oS Rl ] S B AT B 3 -1 08 06 04 02 0 02 04 06 08 1
- 70° CMS, 36 pb ' Ns=7TeV * data _ bt
N : Bl t channel |
it 3 Clwesen. < @Combination using BLUE
50 Ea 3 . .
o : =Wb‘6+Wc6 1 | combined: observed cross section:
= We = .
30;— B w+light jets | Ot o 836 + 298 pb
E [Jaco .
20 . . .
Bl Other . Observed significance: 3.5 o
10— —
| ] Observed |[Vtb| > 0.68 at 95% CL
oF .

77708 06 04 02 0 02 04 06 08 1
bar  arXiv:1106.3052 [hep-ex]
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Candidate Events

ATLAS

Measurement of t-channel production W=

500F

1500E

1000f

———————
ATLAS Preliminary 0.70 o' @ 7 TeV j
2 jets 1 tag B t-channel
' B Wt
Bl s-channel

B
Il W+heavy flavour
I W+jets
Diboson
B Z+jets
Il Multijets
« ATLAS data

200 400 600
H; = 2E (lepton, E;Miss, jets) [GeV]
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« 700 pb-1 of 2011 ATLAS data

P 7 — .
o .' ATLAS Online Lumineosity Vs=7TeV
> 6: - LHC Delivered
§ ol [] ATLAS Recorded
§ -1 Total Delivered: 5.21 "
- 4 Total Recorded: 4 88 fb™”
© 1
9 |
s : -1
g 3 700 pb
£ [
s 2
C .
1 J
02_ ........

................

01/03 27/04 24/06 21/08 18/10
Day in 2011

w v T Ld ' L3 v T v l v T L v
= - ATLAS Prelnmmary 0.70 fo'@7TeV T
Q - 2 jets 11tag -
> L
m -
Q =
£ 1000
9
©
C -
8 .

500

300 400 500
M, (Ivb) [GeV/c?]
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W ATLAS

Cut-based t-channel analysis
| non-b jetn | > 2.0, | b-jet | < 2.0
140 GeV < top quark mass < 190 GeV
|An(lepton, b-tagged jet)| < 1.5
H; > 180 GeV
separate by lepton flavor, top charge and njets
Observed cross section:

L

L] L
ATLAS Preliminary 0.70 b '@7TeV

80F 3 jets 1tag

Candidate Events

Muon « Electron +« Electron - Muon -

O; = 90 +32_22 pb Lepton flavour and charge
1 1 . wn T T - - i
Observed significance: 2 oo ATLAS Prefiminary = singleiop Lchanné
760 > 2 jets 1 tag single-top Wt-channe
. > I single-top s-channel
2 T AD Dralondne: | pomaciarrar o 2 LA M i
qc) L é ‘gﬁ? ti;rgelummary 0.70 o' @7TeV - Q 1 OO I W+heavy flavour
0 - { After cuts § = \g;ugm jets
[ o iboson
% 100- except Mtop - B Z+jets
© % Il Multijets
g @) + ATLAS data
° i
00 100 200 300 400 500 Muon +  Electron + Electron - Muon -
mM,(IVD) [GeV/c?) Lepton flavour and charge
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W ATLAS

Neural network result
e2?2 input variables
: : B single-top t-channel
@ efit shape to signal and Il single-top Wt-channel
W +jets backg round = single-top s-channel
tt
I iNnti . Il W+heavy flavour
e Systematic uncertainties: S Wl s
-jet energy scale, b-tagging Diboson
B Z+jets
NN: Observed cross section: Il Multijets
o, =105 37 pb + ATLAS data

» r—ill single-top t-channel £ - ATLAS Preliminary 070" @7 TeV
T 40000 ATLAS Prelummary [l single-top s-channel D) - 2 jets 1 tag 1.
g‘) 2 jets pretag M i, single-top Wt-channel LI>J - 18
L % [l W-+heavy flavour S o 1000 @
2 30000 B W-+light jets S = X {1=
3 I Z+jets, Diboson L T {e
= ~ Il Multijets 9 S 13
= Z + ATLAS data = © 4N
8 20000 statistical + JES uncertaintiesE O g
& {5
: 12

0.8 | 4 06 08 1
NN output NN output
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w t-channel summary mEyyre

I I I I l 1 I I I I 1 I I

) I B CMS Preliminary, 35.9 pb" |
= v Do
o 102 ® CDF

——— NLO 5f

A ATLAS 700 pb-!

| Illlllll
| llllllll

| llllllll

—
| ||||||
n—.—c
lllllll

10
Vs [TeV]

-
N
.
@)
Q0
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CMS Wt measurement ChS,

e Never before seen!

e Cut-based analysis using 2.1fb! of 2011 data
- Important variable: prt system

s CMS Simulation — tW

e Cross section from simultaneous t i

-------- tt i
= . o st "
fit to Wt and top pairs 0.281 [] ZIy*+jets/Other.
e Observed significance 2.70 202 .
N ‘
To.151] ¢ -
el
0.1 —
» - — ~ CMS Preliminary,\'s = 7 TeV :
1200 CMS Prelnmmary.\'s=7'l’e\f ® data " 250 1 :
2.1 fb”, eelep/up LW 1l [ 21107, eelep/p 0.05=
M { | 1
1000 ¢ . M zyrejets 200" ?1’\ 0 =TT e N T e
s I Other ~ J 0 20 40 60 80 100 120 140 160 180 200
-.-é 800 e e * P, system [GeV]
< ‘E‘SOV
»600 g T
$ 2100 -
o |
400 |
ol
200
1jet1tag 2 jet 1tag 2 jet 2 tag 0 20 40 60 8 100 120 1?{ s;sten:?co;ewoo
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ATLAS

ATLAS Wt associated production

g "U) 600.'_' LARAN RARAE RARLE RALLE RALAE RARRE RARRE RARLLE RRRRE B8/
t ® Sea rch In g : ATLAS Prellmlnary Dilepton Combined
lepton+jets S50 [racomu’
l [ —_ Ffjake IePtons )
b W and di-leptons 200 2w
>  Signal Diboson
. 300fegion Wi .
Dilepton backgrounds: ;
. 2001~
Top quark pairs :
* Model using MC@NLO 100
* Normalize to d?}? o :, Control reg

eSet limit of' 39 pb (2. 5 X UthMj

b Number of Jet

= 3 o - :
g b % 1.8 ATLAS Prelnmmary:f
=16 : g
w y g r stat only :
Drell-Yan oy F1aE ;
* Model using Alpgen 'f*
 Normalize to data Smaller I stat + sys
q 7 0t backgrounds o
from Z>tr, 0.4
_dibosons, W+jets, 02 ;
!J oo P P O <SP BPETErET ren J
g q multyjets % os 1 5 o
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s-channel analysis

400

ATLAS Prellmmary 0. 70 lb @ 7 TeV

q W t g [ 2 jets 2-tag

o 300F

B [

— = 2 200F

q b St

_ 100

e Search in 700 pb! E
e cut-based selection = 3
Number of tagged jets

e s-channel limit at 95% CL: 26.5 pb

ATLAS data
B single-top s-channel

" ATLAS Preliminary @ single-top Wt
- 2 jets 2-tag 0 single-top t-channel

80 @ top pairs
i B W-+heavy flavour
© | Wilight jets

Diboson

0 Zijets

B Multijets
% 200 400 600
m [GeV/c?]

\H(HI( AN STATE

e e e e e e
ATLAS Preliminary 0.70fb" @ 7 TeV-
2 jets 1-tag .

1500 -

Candidate Events
Candidate Events

top, b-jet2
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LHC new physics searches
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ATLAS FCNC search bt

ﬂ L'Y"'Y!"'!I""YY"YI"'YY"'YI"'II"_
g - F A * dats
[ - m 90.
efirst single top new 3 9 AILAS prenminary — sy
{ thar
T 80' 1 Single
physics search | e .
t . . 70! Wejots
u, ¢ esingle-top production ;. W e
60‘ stat. uncertainty 7
50+ -
‘(2300 """""""""""""" ‘3900‘ N —— -y S— ; : -
= ‘ I * data . ¢ _ o dota ] [ .
S | ATLAS preliminary ° s;m“,w w1 §800§ ATLAS preliminary " ::;M“ oy .
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Many more new physics searches

e Anomalous couplings

L = —==bv*Vu(f{PL + f{*Pr)IW,

\/_

g ;ioc"q,

T 72 My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top

(f2' PL + f3'PR)tW, + h.c.

Reinhard Schwienhorst




Many more new physics searches

e Anomalous couplings - magnitude
g 7 4 s
L = _EW V;b(@% - r)IW

- q —'iO'/l"/qu @ - E - 17— ,
. \/§b Mo L —i—‘PR)tU s h.c.

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top
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Many more new physics searches

e Anomalous couplings - magnitude, complex phase

g 1, L a2 e
L — —%b’)" ‘QbWPL _I"R)tm 1
e ] @
L /= '
3> M L * ‘R W

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

B s ——bq rPL + fEPrRYW;

_LO-#U v
7 c (fz Vo A fthR)tU + h.c.

T 72 My

-In single top and in combination with ttbar
eResonance searches

-New heavy boson W’
»With anomalous couplings?
» With different CKM matrix - ttbar asymmetry?
» Charged Higgs decaying to tb

-Fourth generation quarks
»B’ or T' decaying to single top
eNew particles produced together with single top
-Charged Higgs
oIf discoveries are made elsewhere first?
-Measure coupling to top
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

L = ——b’) rPL +flRPR)tVV—

\;_ “3[ I (fEPL + fRPR)W] + hec.
-In single top and in combination with ttbar
eResonance searches
-New heavy boson W’ W’ t
» With anomalous couplings? q>(vvb<
»With different CKM matrix - ttbar asymmetry? CT b

» Charged Higgs decaying to tb
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

L = ——b’) rPL +flRPR)tVV—

g —LO’ Yqu (fz Py +f2}‘PR)t” + h.c.

T 72 My

-In single top and in combination with ttbar
eResonance searches
-New heavy boson W’ W’ t

»With anomalous couplings? q>’lful<
»With different CKM matrix - ttbar asymmetry? q b

» Charged Higgs decaying to tb g {
: B’
-Fourth generation quarks
»B’ or T' decaying to single top q W
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Many more new physics searches

eAnomalous couplings - magnitude, complex phase, CKM

L = ——bq rPL + fEPRIW

g —10 il 5
\/_ Y (f2' PL + f3'PR)tW, + h.c.
-In single top and in combination with ttbar

eResonance searches
-New heavy boson W’ W’ t

»With anomalous couplings? q>’Wb<
»With different CKM matrix - ttbar asymmetry? q b

» Charged Higgs decaying to tb g {
: B’
-Fourth generation quarks
»B’ or T' decaying to single top q W

eNew particles produced together with single top
-Charged Higgs

oIf discoveries are made elsewhere first?
-Measure coupling to top
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Summary/Outlook

eSingle top production observed at Tevatron and LHC
-Tevatron s-channel+t-channel observation in 2009
-Tevatron t-channel isolation in 2011
-LHC t-channel observation in 2011
-LHC first limit on Wt and s-channel
-Next: Wt and s-channel observation
=Single top as background to Higgs and other searches

eSingle top as a tool to look for new physics
-Tevatron: W', FCNC, H+, anomalous couplings
-LHC: FCNC
-Next: many more LHC new physics searches

Larger LHC datasets will bring separate observation of all
single top processes and many new physics searches

Reinhard Schwienhorst




