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@J Outline

= Part I: top quark production
= Tt production
= Single top production
= Part II: Properties
= Top quark mass
= Spin correlations
= Part III: Asymmetry and searches
= tt asymmetry
= Direct searches in the top sector (Overview)
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@' Part I: Production

= tt cross section

= Methods
= Background determination

m Differential cross sections

= Single top
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;:?-)J The Standard Model

= Described the fundamental particles and their interactions

= 6 quarks and leptons + their antiparticles
Quarks

= 4 fundamental forces (Gravity not in SM)

= 1960: Electromagnetic and weak interaction
unification by S. Glashow

= Weinberg and Salam 1967: incorporated
Higgs mechanism into SM

Leptons ]

= 1973: discovery of weak currents caused
by Z - establishing of SM

= All this happened way before the discovery that a 3™ family
existed!
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@J Brief History of the Top Quark
= 1976: DisCovery of Upsilon at Fermilab

Contains a 5" quark: the b-quark
- Structure of quark families suggested existence of a 6" quark: the top

= From here on the race to find the top began

Petra (e'e’): m >23.3GeV in 1984

Tristan (ee’) in Japan: m >30.2GeV in late 80s

24)

SPS (pp): discovery of W and Z in 1983

UAL: mt>44GeV in 1988

(after having an excess in 1984
which they thought was evidence for top)

LEP: mt>45.8GeV in 1990

200 |-

160 |

|

Top Mass (GeV/c?)

40 [

UA2: m >69GeV o b ]
t —_— 1980 1991 10683 1985 1007 1999 2001 2003 2005 2007
W - tb search channel closed down Year
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@J Brief History of the Top Quark

Searching again for tt production with top mass above W mass
1992: First lower limits on top from CDF (m _>91GeV)

1994: First lower limits on top from D@ (m >131GeV)

Elect k fits f m,, Constraints from EW Data
ectroweak 1Its rrom = e ‘

— no m, constraint
LEP/SLC/Tevatron data: 00 1 podSe b onesi

155GeV< m, < 185GeV E

180 2, oo SN
Early 1994: “"Evidence” for top at CDF " 7
1 . _
140 - =
120 - CL68%
10
m,, [GeV]

17.09.2012 Yvonne Peters 6



%% Discovery Datasets

= February 24" 1995: Simultaneous submission of Top Discovery
papers to PRL, by CDF and D@

= 50 pb! at D@

[T 17 events Do

T
= m_= 199+30 GeV § 4
o
2
- . =6.4£2.2pb 8
= Background-only hypothesis rejected at 4.6 010&}“:‘ 200
Fitted Mass (GeV/c?)
= 67 pbt at CDF 8 15 events |
4l CDF
- m_=176+13 GeV e J]:[
O 3 -
" 6'8+3.6-2.4 pb g T i
= Background-only hypothesis rejected at 4.8 | rﬂ-ﬂ-.:-""h 1

o 111}
80 120 160 200 240 280
Reconstructed Mass (GeV/c?)
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\\W-J TOP Anhnouncement

= March 2nd, 1995: First announcement of Top Discovery in public
seminar at Fermilab
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\\W-J Discovery of lonely Tops

= 2009: Observation of top quarks in single top production
= 5 by CDF & D@!
= Single top: very challenging channel

= Low signal: similar signature like W+jets!

= Counting only: Uncertainty on

backg round Iarger than expected Slgnal Single Top Quark Cross Section December 2009
. . . ;
- use of multivariate techniques DB o/ 2ot | 5,04 7988 op
1
Final Discriminant D@ <+jets 48f ! 3.4 1%;2 pb
Preliminary, not in combination |
S DG 2.3 fb" CDF e/u+jets 325" | 2.17 2522 pb
(=] r I
g 600 Data + CDF f +jets 2115 | 50 33 pb
1
g tb+tqgh W ! +0.58
@ 400 W+jets Tevatron Combination ! 2.76 _g.47 Pb
ed tt' I Preliminary :
% MUIt”ets - Il B.\W. Harris et al., PRD 66, 054054 (2002) a
& 200 B N. Kidonakis, PRD 74, 114012 (2006) Myop = 170 GeV
[ 1 L.
OV . 0 2 6 8
0 0.2 0.4 0.6 0.8 1 (e} (pﬁ — th+X, tqb+X) [pb]

Ranked Combination Output
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@J Celebrating Single Top Discovery

= March 10th, 2009: Wine&Cheese seminar at Fermilab to
announce single top observation
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™ Where Top Quarks can be
J produced: The Tevatron

= Tevatron: proton antiproton
collisions

= RunI: 1992-1996
with Vs=1.8 TeV

= Run II: March 2001 to
30.09.2011, 14:00
with Vs=1.96 TeV

Main Injector

& Recycler
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@ Where Top Quarks can be
@J produced: The LHC

= | HC: 7 (2011) or 8 (2012) TeV proton-proton collisions

= Started operation in 2010
= Highest energies reached today

= Top Quark Factory
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@J Top Quark Pair Production

= \ia strong interaction

g .B t
= At the Tevatron: %sﬁ.<
g ey f

proton

85% + 15% 9 06000 {
. t g 00000 t
antiproton
At LHC (7 TeV cms energy): I sl d
15% + 85% o 7
= Production cross section (@Tevatron):
NNLO+NNLL: ;=7 24*0% 1, @ m =172.5GeV
] About 20 times h|gher at LHC Baernreuther, Cakon, Mitov, PLB 710,

612 (2012)
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A (330 Final States in tf

tt - WTbWb : Final states are classified according to W decay

B(t-W*b)=100%

=l

LU
||Il|IIIII|IIIIIl
(L}
it
e
=
-
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o b Final States in tt

tt - WTbWb : Final states are classified according to W decay

B(t-W*b)=100%

pure hadronic:
Top Pair Branching Fractions =06 jets (2 b-jets)

“alljets” 46%

dilepton:
2 isolated leptons;
High missing E_ for

tt+jets 15%

neutrinos; o ‘Zz,g% lepton+jets:
2 b-jets t}g\xj\é’?@,\% wes15% 1 isolated lepton;
T et 15% | Missing E_for neutrino;
"dileptons” "lepton+jets™ T

>4 jets (2 b-jets)
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@J Cross Section: General

= The first thing we want to know: Production cross section

N =0 * L

production
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= The first thing we want to know: Production cross section

N =0 %L

production

17.09.2012

Cross Section: General

o (nb)

proton - (anti)proton cross sections

|9
tot

Tevétron LI—'|Ci

¢ (E" > 100 GeV)

Cst
o (E > s/d) |
O 10 M,=120 GeV)” S
200 Gev?
500 GeV

WJ52009
IIII 1 IIII

0.1 1 10

Vs (TeV)

33 2 -1
107 ecm’s

[ =

events / sec f

antiproton
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\\W-J Cross Section: General

= The first thing we want to know: Production cross section
N proton - (anti)proton cross sections

=O-*L 10° gre—————++ ,, — 10°

production :
10 ! 10
Gtot i , , '
10° : Tevatron LHC 5 10
10° | : IR i
. . 10° T
= Selection required .| b
F O
10° @
= Background o
. . _— ]
modeling crucial = o, N
© G -—
10 . z 1)
6, (E." > 100 GeV) & antiproton
107 ~—
.. =0 % Lk 2
N post —selection o L € 10° 10° &
=
107 , 10° @
10 0, (B > s/4) 10"
10-5 0Hi@]gs(wlll—|=12o GeV) , | 10-5
200 GeV”
10° 10°
WJS2009 500 Gev ¥ i
| 107 Ll el il 107

0.1 1 10
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‘\,,fJ Signal events

lepton+jets «  dilepton 1 pure hadronic  ,°
w* v v q
proton
g 9 ! b i b
q i p : ’ ]
_ antiproton - 4
antiproton o g 3 antiproton 7
q ' q
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@J Signal and background events

lepton+jets w* dilepton e pure hadronic q
proton Wi y ¢ f w? q
q g t b b )
/ . b ; 5
: d t antiproton ~ _
antiproton o g u antiproton 7
g ' 3 g
W+jets: Z+jets: Multijet:
Main background Main background Modeled from Data
in 1+jets in dilepton Main background in
" b allhadronic
g
b . q .
! antiproton ¢ q
q V4 V4 o
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\\W-J Cross Section: Selection

= Knowing signhal and background event signatures, we now need to
enrich the data sample in signal events

DO, L=5.3 fb’

= Important tools: B
© 1400
= B-tagging £ 1200

= Multivariate analysis techniques

0 1 >2
Number of b-tagged jets
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;W-J Selection: Example l+jets

= Select according to topology and kinematics of the final state

u* One isolated lepton with high p_
proton Wi i Large missing transverse energy to
q g t ) account of the neutrino
7 : b At least 4 jets with high p_ and
antiproton | central; sometimes certain
W- q L.
number of tracks pointing to
q primary vertex required

Additional requirements on
angles; e. g. angle between
lepton and MET should not be
back-to-back to reduce
mismeasurements
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i Background De_t_erminations:
@ Multijet

Before Selection:

17.09.2012 Yvonne Peters
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i Background De_t_erminations:
@ Multijet

Before Selection:

Require loose
isolated lepton j
Nloose

17.09.2012 Yvonne Peters
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i Background De_t_erminations:
@ Multijet

Before Selection:

Require loose

isolated lepton j v Require tight

isolated lepton

Itijet
ts

17.09.2012 Yvonne Peters 25
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o Background Determinations:
Multijet

Before Selection:

Require loose
isolated lepton j v

Ntight = Efake * Nfake + etrue *

Itijet
>
ts
Nfake from MM

equation

Require tight

vose = N et isolated lepton

N W — like
NW—like
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\ _J Multijet Background
T Determination: The Matrix Method

= Matrix Method requires
fake rate and

true lepton rate
Ntight_efake* Nfake_l_etrue* NW—like

N = Nfake_l_ NW— like

loose

" €, . determined from multijet-dominated dataset
= For example for low missing transverse energy - multijet dominated
= €,,. :can be either

= determined from W+jets/tt MC sample (D@), or
= From tag and probe in Z+jets sample (ATLAS)

Yvonne Peters 27
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o Background Dgterminations:
W+jets

= Main background in |+jets final state: W+jets contribution

= Challenge:

= Theory predictions not accurate enough for background
determination (esp. for events with many jets)

= W+heavy flavor relative to W+light flavor contribution not known
precisely enough

= Various methods for determination of total W+jets contribution
= Fit to Data before b-jet identification
= W+jets determination example at Atlas: charge asymmetry method

= Heavy Flavor Fraction determination usually by comparing yields
in different b-tag bins
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@J W+jets background
Determination: Asymmetry Method

= \W-boson production at pp collider: charge asymmetric
= ud - W* versus diu - W (uud valence quarks, d,u sea quarks)

= Well understood quantity:

oo W)
o(pp—>W )
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@J W+jets background
= Determination: Asymmetry Method

= \W-boson production at pp collider: charge asymmetric

= ud - W* versus diu - W (uud valence quarks, d,u sea quarks)

= Well understood quantity: o(pp—>W")
=

o(pp—>W )
= Calculate W+jets using r:
NYC 4 NYE roo+1
N .+N, =—2 " (Dt -D" )= (D" —-D" )
v Ny NS Fare =1

= D" and D": data with positive (negative) charged leptons
= Using approximation that all other backgrounds are charge symmetric
= r,.: evaluated using MC, using signal region kinematic cuts
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\'| B-Tagging

= Further enrichment of tt: b-jet identification

ut
proton Wi y
00000,/ 9 b-jet
g ; identification l
antiproton .

‘i‘ultijet
+jets
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\'J B-Tagging

= Further enrichment of tt: b-jet identification

= B-Hadron: travels some millimeters
before it decays

= Use properties of displaced vertices b-jet
and/or displaced vertices to identification

ultijet

displaced tracks
b-hadron :
. i +]ets

g % Jup

Primary Ly L : | :

ar S L
Vertex secondary 5
@ Vertex 27
". dﬂ , 50E

J'}" 30£ | - II

10
Fake Rate (%)

17.09.2012 Yvonne Peters
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‘\,,fJ B-Tag Cross Section Example

= Example from D@: b-tagging

= Counting only
= Main systematic uncertainty usually from b-tagging uncertainties

|+jets; =>4 jets

|+jets; 3 jets

D@, L=5.3 b ;Qata D@, L=5.3 fb” —— Data
tt i
10* [l Other = gth
o Wejets o
I Wijets

B Multijets B Multijets

Number of events

Number of events

0 1 >2 0 1 >2

Number of b-tagged jets Number of b-tagged jets
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@J Cross Section: Other Methods

= Base signal-background separation on kinematic properties

= Use many variables with small discrimination

1 . -1
500- D@, L=5.3 fb

400

Events / 40 GeV

300
200

100

0_0 100 200 300 400 500 600 700 800 900 1000
Mevenl (GeV)

250 3
] D@, L=5.3 fb"

4

200

Events / 0.04

150

100

50

00 01 02 03 04 05 06 07 08 09 1
Sphericity
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@J Cross Section: Other Methods

= Base signal-background separation on kinematic properties

Events / 0.04

Events / 40 GeV

400
300
200

100

= Use many variables with small discrimination

= Combine using multivariate analysis technique

1 -1
500- D@, L=5.3 fb

0

Mevenl (GeV)

DG, L=5.3 fb ™"

f

0 01 02 03 04 05 06 07 08 09 1
Sphericity

17.09.2012

0 100 200 300 400 500 600 700 800 900 1000

600
DG, L=5.3fb™

Events / 0.1

Ratio - 1

L | L | L 1 L | i | L | L 1 L 1 L | L
0 01 02 03 04 05 06 07 08 09 1
RF discriminant
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@J Multivariate Analysis Techniques

= Variety of various techniques on the market

= Boosted decision trees, random forests, neural networks, etc.

= Example: decision tree

= Idea: divide multi-dimensional y

- Of Signal
event-space into cells of Background
= For each cell, estimate the purity 8- S
o A
= Chose cuts to separate 2 gl "-;_;;‘J-;;g; RO ko U
high and low purity regions = 5".,.‘1;»-"'31,:7"‘" 15
P Rl e T S R
2 et YR I
1 §:- : ;!' -'-:' . ‘:.:"f"
:°."; £ j;. l:::r‘r:-‘-|".‘| '.?-:'-:‘ 1 1 |
% 2 4 6 8 10
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;W-J Decision Trees Example

= Start with one node containing the full sample

= Find the cut that maximizes a splitting criteria (e. g. purity
separation)

= Repeat this step on each new node

= The final “leaves” are reached one a
stopping criteria is reached

= Purity of leaves used as discriminator

= These trees can be "boosted”:
misclassified events get increased
weight for retraining of next tree
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‘\,,IJ MVA Cross Section Example

= Example from D@: cross section extraction using topological info
= Various combinations also possible

= e. g. use MVA for some b-tag bins, counting in others...

|+jets; =4 jets

600-

- -1
DQ, L=5.3 fb™’ D@, L=5.3 fb

Events / 0.1
Events / 0.1

0 _____{_______{ _______ t_______x_______I_______________—+?_____ ________*T__ ________
-0. i T T + _+_

Ratio - 1
(]

o
N
Ratio - 1

1 | 1 | 1 | ! | L | 1 | L | 1 | 1 | 1 ] I ] I ] 1 ] 1 ] I ] I ] I ] 1 ] 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 02 03 04 05 06 07 08 09 1
RF discriminant

RF discriminant
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77 31

tt Cross Section Overview

= tt cross sections measured in all different final states

= Deviations between channels or from SM prediction could indicate

new physics

DO Run Il July 2011 CDF Run Il Preliminary, 9.0 fb [
T . N "
lepton+jets + dileptons (PLe) e 740%018 05T op Top Pair Production Cross Section at CDF
535! 7Y -0.19 -0.50 o ) \
C?cman .et al., arJ(w:OEOfLZEOI] (2008) Assume M=172.5 GeVlic
lepton+jets (topo + b-tagged, PRD) 4025 +0.75 Kidonakis and Vogt,_ar)(w:IJBOS.SBM (2008) R +Ml N
s 5 o HeH 7.657,5; o957 Pb [T Moch and Uwer, arXiv:0807.2794 (2008) + (stat.) + (syst.) + (lum.)
i . . i s,
d;lt:[::_?ns (topo + b-tagged, PLB) He-H 7.27 1048 _8 ég pb D{'Llfsl::tf?"]‘ g;i%g E 740+ 058+0.63+045
: il §
X Lepton + jets (topolog.) > 4t
I:jpot?br_\1+track (b-tagged) P 5.0 *15 %09 .05 pb Pt ) (topolog.) :iii?s | 7.82+0.38+0.37+0.15
. St A
. Lepton + jets (b-tagged) 3% il
ta;;::!)ton (b-tagged) | — 7.3271341120 4 4o phy {LP"_“H" jets (b-tagged) ! 7.32+0.36 £ 0.59+ 0.14
2 All hadronic i 7.21+0.50+1.10 + 0.42
tau+jets (b-t d, PRD 1.15 +0.72 g i . T U T 0. T U,
o flb_1 {b-tagged, PRO) H—18—H 6.30 71157072 1040 pb L=291') i
. MET + >3 jets it
aq]g:bsjb-tagged, PRD) — e | 6.9 1% 714 w04 pb Cazny ) | E 7.99+0.55+0.76 £ 0.46
(2 (yst (um MET + 213 jets 7.1+ 0.49 + 0.96 + 0.43
_ B M. Cacciari efal., JHEP 0809, 127 (2008) ffff f #1.22
”‘mp;;;::; N. Kidonakis @nd R. Vogt, PRD 78, 074005 (2008) T?L';',ij!,**?pton L 8.18 £2.27 1077 0.47
’ S. Moch and P. Uwer, PRD 78, 034003 (2008) I R T I T R B R ol
Lo by by o S [ | 4 6 B_ _ 10 12 14
— 0 2 4 6 8 10 12 o(pp > tt) [pb]
* = preliminary
red = 2011 result — Fn
blue = 2010 results o (pp —>ft+ X) [pb]
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tt Cross Section Overview

\ -
N
7731
|
|
H H 156 May 2012
ATLAS Prellmlnary ............ Theory (approx. NNLO)
form, = 172.5 GeV
Data 2011 —— stat. uncertainty
—— total uncertainty
Channel & Lumi. o,; *(stat) H(syst) =(lumi)
Single lepton 0.70 fb™ — 179+ 4+ 9+ 7 pb
Dilepton 0.70 fb™ _ — 173+ 6 “14 *Spb
All hadronic 167 +18+ 78+ 6 pb
1.02 fb™
Combination — — 177+ 3 "5+ 7pb
New measurements
Thag T JEIS 1.67 fb™ o 20019+ 42+ 7 pb
Thag T lEepton  2.05 fb™ —_—— 18613+ 20+ 7 pb
All hadronic 168+ 12 30+ 6 pb
4.7 fb
i | | | |
50 100 150 200 250 300
og [Pb]
17.09.2012

350

Yvonne Peters

tt cross sections measured in all different final states

CMS Preliminary, \s=7 TeV

Deviations between channels or from SM prediction could indicate

CMS e/u+jets

164+ 3+£12+7 pb
TOP-11-003 (L=0.8-1.1/fb)

(val. £ stat. + syst.+ lumi.)

CMS ttjets

156 £+ 12+ 33+ 3 pb
TOP-11-004 (L=3.9/fb)

(val. £ stat.+ syst.+ lumi.)

CMS dilepton (ee,up,ep)

162+ 2+ 5+4pb
TOP-11-005 final (L=2.3/fb)

(val. £ stat.+ syst.+ lumi.)

CMS dilepton (et,ut)

143 +14 £ 22+ 3 pb
arXiv:1203.6810 (L=2.2/fb)

(val. £ stat.+ syst.+ lumi.)

CMS all-hadronic

136 £ 20 £ 40 + 8 pb
TOP-11-007 (L=1.1/fb)

(val. * stat.+ syst.+ lumi.)

3 Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
EEEEE Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

NL|O QCD | |

50 100 150 200 250

300
o(tt) (pb)
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\\W-J tt Cross Section Overview

m tt cross sertinne meaciired in all different final ctatec

: : CMS Preliminary - :
[ —_ N
Deviation g [ CHC 7TeV uld indicate
new phys ~ L ®CMS combined 7 TeV (1.1 fo’)
s . ® CMS combined 8 TeV (2.8 fb'1)
ATLAS Prel ° o Do
AR BNt

Data 2011 102 p

Channel & Lumi. E_ LH C 8Tev

Single lepton 0.70
Dilepton 0.70

All hadronic
1.02 fb’

Approx. NNLO QCD (pp)

Scale uncertainty

[ Scale ® PDF uncertainty 143 + 14 + 22
(val. £ stat st.+

------- Approx. NNLO QCD (pp)
Scale uncertainty

B Scale ® PDF uncertainty 136 + 20 + 40 + 8 pb
Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009

Combination

New measurems
Thag T jEtS 1.67

Thag T lepton  2.05

All hadronic — MSTwW 2008 NNLO PDF, 90% C.L. uncertainty
4707 83T 10
| NS T AT N TN U T T T T N Y Y M B O
50 100 1 2 3 4 5 6 7 8 9 | |

200 250 300

\'s (TeV) o(tf) (pb)
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‘\,,fJ tt Differential Cross Section

= Test of perturbative QCD calculations
= Generic probe of non-SM physics

= Mostly I+jets events used

= Allows reconstruction of final state with good resolution

® data, 1fb”

_ - Signal _;

[ Background

= Use kinem_atic fit to reconstruct
invariant tt mass

T

dN/ dp_ [GeV/c]™
S

= Correct for experimental resolution,
e. g. with regularized unfolding

= After subtracting background from data

= Correction for acceptance on 10°%"""50 100 150 200 250 300 350 400
. ] ] top quark P, [GeV/c]
unfolded distributions
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\\W-J tt Differential Cross Section

= Test of higher-order QCD calculations

s Generic test of SM; e. g. narrow resonances in m..

= 1 0° = L E CMS Preliminary, 1.14 f6' at\'s=7 TeV
g - data B T T T | T T T | T T T I T T T I T T T I T T T
. e ecsescszesssss pesnesesa: NLO (MCFM) 4 "._;—"“ . e/n + Jets Combined e Daia
= 10 e ALPGEN = oY .
C)_|_ - . MC@NLO = O] — MadGraph
Q - + 7 7:110'2:— — MC@NLO -3
= - fEEmnEEmsssssmesssss ] B E E o -1
8*_ 1 arLas i S5 POWHEG
2 - J L dt = 2.05 o -
I 7 107 E
10 = S
10 104E
_.(E 1 5 T I imsssssmEamsrssrasmizeseie ] E I
©
S f e fosas
> o1 [ ——
8 05_| ...................................... : ‘_’ 10_5 0, T
< 710 20 100 200 100 0 200 400 600 800 1000 1200
— p__[GeV] Ge
T M o2
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@| Single Top Cross Sections

= Single top quark production via electroweak interaction

P 2P

Collider s-channel: o, t-channel: O Wt-channel: O

LHC: pp (7 TeV) 4.6 pb 64.6 pb 15.7 pb

= Wt-channel: negligible at the Tevatron

= s-channel: challenging at the LHC
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G (3% The Challenge

= Production cross section about V- of tt

= Single top signature similar to W+jets background

§

= Other important backgrounds:
tt and multijet

w+ v q
proton q

0|
—
=
Q|

antiproton

Qi
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(S, After Event Selection and before
- b-jet Identification

<40000_ :
» Before b-jet % 234jetsand D@, 5.4 fb 1

identification: single top O r€/mu combined e Data
signal hardly visible! © 30000~ DS -:gb

F) W W4jets

r= i

o 20000 B Multijets

>

E u

© 10000

2 i

S-

O 50 100 150

W Boson Transverse Mass [GeV]
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;. After Event Selection and after
b-jet Identification

;1 500 2,3,4 jets and . DQ, 5.4 fb -1
= Before b-jet 5 © 1,2 b-tags in X  Dala
identification: single top 10 i e'mll':')_ . mtgb
signal hardly visible! ..2 1000 | =omPine
= After b-jet identification: 2 i
single top visible - but L, -
uncertainty on background 2 500 -
model larger than signal &’
= Extensive use of multivariate ok O
analysis techniques! 140 160 180 200 220

Top Quark Mass [GeV]

* Less extreme at LHC: t-channel
extraction via cut-based analysis possible
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T Training and cross section
extraction

® Train MVA on

= s+t channel using SM ratio between s- and t-channel
= t-channel with s-channel as background in training (not in fit)
= s-channel with t-channel as background in training (not in fit)

= Bayesian method to extract cross section results

= Integration over systematic uncertainties (modeled as Gaussian priors)

<2000 DY DO 5.41fb" S DS DO 5.4fb"
3 N t-channe [
= Example: t-channel §"™°%F. schamnel 5
. . . . > = + >
trained discriminant 1000 “§ Wi w3
T . s m Multijets v 20
O S QO i
~ 500 ~
0 02 04406 0. 86 07 08 09
Ranked t-channel discriminant Ranked t-channel discriminant
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T
\S
77 31

extraction

Training and cross section

® Train MVA on

= s+t channel using SM ratio between s- and t-channel

= t-channel with s-channel as background in training (not in fit)

= s-channel with t-channel as background in training (not in fit)

= Bayesian method to extract cross section results

= Integration over systematic uncertainties (m‘J ot o oY
— , [ ATLAS Preliminary | Ldt=4.7 fb" 1s=7 TeV ]
82000 _w Dg 54f| O 3000—|+219TS tagged é?ithimnel(to) N
Q. _\§ o Data 49 | =s-bchawel (toF:))
ﬂ \ -t'Chan e i [ ‘\l-/t\lf;lea\} flavour
= Example: t-channel §"™%F. wcheatgtﬁ 2000f = e
. . . . > N +l B I multijet
trained discriminant 1000 = ' |
o e I Multijet 1000
= |HC: t-channel S 5008m ¥

much easier visible

s&'&
0O 02 04 06 08

Ranked t-channel discrimin;

1

NN output

17.09.2012
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@J Single Top: Other Measurements

= s- and t-channel are differently sensitive to new physics

Wa+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™

= Measure both channels simultaneously ol ® CDF Data
[ SM prediction: B 68.3% CL
4F arXiv:0909.0037v1 [ 95.5% CL
- 99.7% CL
= Direct extraction of V_ from I SM(NNNLO)

single top cross sectlon \Vﬂ,\ co(s+t)

t-channel Cross Section [pb]
(]
1

of
= No assumption about number :
. _ 1F
of generations % 5§(b) DO, 5.4 1b" :
= Assumption: ¢ 4 .
|Vt5|2+|vtd|2 << |th|2 b 3 |th|>0-79 s-channel Cross Section [pb]
O I @9%C.L.
( v 82
Vud Vus Vub g 1_
VCKM — Vcd Vcs Vcb o . |
Vi Vis Vi, 553707 06 08 1

\
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;;J Summary Production

= Top production mechanisms:
First thing to understand about top quarks

= Modeling of signal and background events crucial

= Various methods available to enrich data in signal events
= b-tagging
= Multivariate analysis techniques

= Single top: more challenging to measure i
-» most properties measurements performed in tt

17.09.2012 Yvonne Peters
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