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The top quark
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The heaviest know
elementary particle.

Tight connection to the
Higgs-Boson and Electroweak
Symmetry Breaking

It decays before i1t hadronizes.

It 1s still a (old) teenager,
discovered in 1995, and we
just got recently many of
them
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The experiments

Focus on ATLAS |

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
{

/ [ h N,

| J N
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Single top quark production

t - channel : S - channel

4 q
W
b t
8

Cross 1.96 TeV 7 TeV 8 TeV
t-channel section

14 TeV

=g

2 300F, -m2scev 1 | : t — channel 2.1+0.1pb 64.6+2.4pb 87.8+3.4pb
g | —wt 1 ; Wt 0.25+0.03pb 15.7+1.1pb 22.4+1.5pb
g 2000 —+ :
§ oo v |i| s-channel 1.05+0.05pb 4.6+0.2pb 5.6 = 0.2 pb
. S
S [ - : E Single-top-quark and antiquark cross sections are different for t-
= [ o ' and s-channel at the LHC!

O0 5 10 15

Calculations by N. Kidonakis:
Phys.Rev.D83 (2011) 091503, Phys.Rev.D82 (2010)
Calculations using MCFM @ NLO 054018,2010, Phys.Rev.D81 (2010) 054028
@ NLO + NNLL resummation

center-of-mass energy [TeV]
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Single top quark production in new physics

There are a variaty of new physics processes producing only one top
quark anomalous Wtb couplings

* charged heavy Bosons W’, H+ etc. 5
* 4th seperation fermions b’ Kuug
« FCNC, Monotops ~ t
8
u d
W H
b' W
b t (' b b t

But I won'‘t tell you anything about them today.
The short summary:
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Single top quark production in new physics

There are a variaty of new physics processes producing only one top
quark anomalous Wtb couplings

* charged heavy Bosons W’, H+ etc. 5
* 4th seperation fermions b’ Kuug
« FCNC, Monotops ~ t
8
u d
W H
b' W
b t (' b b t

But I won'‘t tell you anything about them today.
The short summary: Nothing found yet
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t-channel single top quark production

o
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Why study t-channel single top?

Cross section o< |V, |2
— test of the unitarity of the CKM Matrix

\fﬁ<

’o-—>—-c£‘

o
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Why study t-channel single top?

Cross section « |V, |2
— test of the unitarity of the CKM Matrix

Test of the V-A structure of the
_,.r"r< Wtb vertex, e.g. using the top

3__>_ -t!" polarisation or W helicity
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Why study t-channel single top?

Cross section « |V, |2
— test of the unitarity of the CKM Matrix

q-

Test of the V-A structure of the
Wtb vertex, e.g. using the top
polarisation or W helicity

The cross-section ratio top-quark/top-
antiquark production is sensitive to
the u/d-quark ratio in the PDF sets.
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Why study t-channel single top?

Cross section « |V, |2
— test of the unitarity of the CKM Matrix

Test of the V-A structure of the
Wtb vertex, e.g. using the top
polarisation or W helicity

The cross-section ratio top-quark/top-
antiquark production is sensitive to
the u/d-quark ratio in the PDF sets.

Test of the b-quark PDF

Seminar - DESY 18.03.2014 Dominic Hirschbiihl Bergische Universitat Wuppertal




Why study t-channel single top?

Cross section « |V, |2
— test of the unitarity of the CKM Matrix

Test of the V-A structure of the
Wtb vertex, e.g. using the top
polarisation or W helicity

The cross-section ratio top-quark/top-
antiquark production is sensitive to
the u/d-quark ratio in the PDF sets.

Test of the b-quark PDF

Single top quark events as complementary environment:
different color structure, less reocnstruction ambiguities,
different energy scale
 ,Repetition of top quark properties measurements®
top quark mass, W helicity in the top quark decays, ...
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Background processes

Event signature

 Onereal W boson

* One central b-quark jet (from the top quark)
* One or two additional jets

W/Z + jets WW/WZ/7Z7 proton - (anti)proton cross sections

o _
tot : 3

7 ' 7

10 F Tevatron LHC 110

10° | ' 4 10°

10" ¢ 510 -~

G Nw

10" b 410" '

(6]

10° 3 = 10° %O

. ;- ng](ETJm}-\fS)QO)\ 11c? ";

g t g 101; Sw /< 4 10' ;

° ok _ o / Jie o

F o, (E;”' > 100 GeV) o

t '|C?-1 3 3 10-1 =

E [7}]

10° | 3 10° 5

3 - -3 %
107 S, + 10
g f 10° ir GJm[ETJm > \/s/4) 3 . 310t
10° E.UHiqgs(MH=120 GeV) 4 10°
top-quark QCD-multijet production ~ .[  zwoce’ 1

- « E sos 500 GeV  /
pair-production (“fake” leptons o b 107
Vs (TeV)
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Background estimation

Using MC modeling Using modeling and
but normalization normalization from data
from data (Mostly ,fake*

Using MC
acceptance and

odelng backgrounds)
— . . prefag _ jpprefag  pgpretag  yrprefag
N —0-¢& £ Nijc’r.s' - N:.’m(ﬂ Nqa‘u‘ NMC
A

tag pretag ppretag ptag 8 x QcD mod?l from data

N =N F P . o MC processes
L] O.n D.n ﬁ

o Data
M;:{a-/w. %
R ) g
4]
(@]

Discriminant

[ .i o 1 4 M&MM J

Fitin extrapolation to
sideband signal region

Similar approaches of both
experiments — details are different

%,
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Signal modeling — traditional approach

q9 Two approaches for matching 2—2 & 2—3:
« Matching of second b-quark p
(Comphep, Madgraph) — CMS
t « Subtraction of double counting
in the PDF (ACOT)
-__—__e_mT - (AcerMC) — ATLAS

b

O

B Next-to-Leading Order

_ oo7 CTEQSL
E il - gb—=tW
T [gg—tWbh]-[(g—=bD)b— tWh]

Scalefactor K

[AZTOP NLO prediction

arbitrary units
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Signal modeling — new NLO generators

q’ Two generators available for 2—3 @ NLO:

« aMC@NLO
W — can be interfaced to Herwig/Herwig++
b and just recently Pythia8

—n

Powheg
— can be interfaced to Pythia6/Pythia8,

Herwig/Herwig++

— ——
" ATLAS Internal
0.06[¢ jets pretag

1 L L L L L L
Vs =8 TeV Vs =8 TeV
aMC@NLO + fHerwig i
aMC@NLO + Herwig++
Powheg (2 —3)+Pythia8 -
Powheg (2 —3)+Pythiab
AcerMC (u=172.5 GeV) ]
(

Powheg (2 »2)+Pythiaé 4

[ ATLAS Internal
0.1 0 jets pretag

0.04

Event fraction
Event fraction

0.05

—_ aMC%NLO + fHerwig
— aMC@NLO + Herwig++
Powheg (2 —3)+Pythia8
— Powheg (2 —3)+Pythiab
— AcerMC (u=172.5GeV
2 —2)+Pythia
MM B

2

0.02

1 1
normalized to unit area
1
normalized to unit area

| | Powheg
&850 100 150 200
p_ (top) [GeV]

O

4 2
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W + jets background

x10°
- L L '71' L B
_'CE) 200;_13[/116‘;'{3 Preliminary JJL dt=2£|?ﬁ;:l%am\-‘:|=8 TeV_; Used MC generators:
5 5ol ' %Z%Tﬁ?bt' Alpgen/Madgraph + Herwig/Pythia or Sherpa
a ook &, Tishcsa ] | o Models multiple gluon radiation with LO matrix
o i ] elements (ME) + parton shower (PS)
= — LO+LL accuracy
5 og . * Overlap between ME and PS needs to be removed
ok .0.20 1 “_2 3 4 """ ; — MLM or CKKW matching
ml = e hard®jets are modeled by the ME,
,s0ft* jets by the PS
T 4000f ATLAS Pemiay | Lat=2031" 1ssTev] | o Hach process is then built from several different
© W OR é?mﬁ \ ] p 15
o o -channe ] .
‘(}l‘ 3000_ E%m,':sjgrsgnnel _ ,,paI‘tE)Il pI‘O_CQSSQS, e.g._. .
£ £ 7 o8 dpeson ] W+bb, W+bb+0p, W+bb+1p mit W— ey, ...
© 2000F & JESOVCea . :
= : i ] | * Remaining overlap between processes with
1000F ; b- und c-quarks needs to be removed by hand
(for Alpgen/Madgraph)
e} 2
& o
Sa 0.2 3
5 0 100 200 300 400 500

m(lvb) [GeV]

Check modelling in a W+jets dominated region
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Models for QCD-multijet background

Jet lepton model:

: : . Anti-muon / Anti-electron:
Use jet triggered data or di-jet MC

Use lepton triggered data

Identification of a jet as a “fake” lepton: Revert some ID cuts, e.g.:

» Use same acceptance as real « Impact parameter
electrons/ muons in p; und 1. e - « Isolation

* High em fraction (80% - 95%) et | * Energy loss type

e At least 3 tracks
.

» Events with real (signal) leptons are

rejected .
jet

o
oy,

jet p.

muon
jet lepton
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Determination of the QCD-multijet background

ATLAS: CMS:
Binned Likelihood fit to the Likelihood fit to the =~ Eqmiss
Eqpmiss distribution (electrons) or m(W) (muons)
*2 A \\ QCD model from data diStribution
E MC processes
5 e Parameterisation:
5 F(x)=a-S(x)+b-B(x)
W-Boson processes QCD model

' Discrinﬁnan (from MC)

CME Preliminary, 12 2 16, Muans, s - 8 TaY

T T T r T T T T T T T it | —
> - ATLAS Preliminary | Ldt=4.7fb" 1s=7 TeV 1 = Daia
O] 1500'_central e+ 2 jets tagged N - — Fitresult
o - ¢ e data - q“l —aco
® i B op ] P03 r -
S 1000F ] Waiets . 2o B
Lﬁ L [] Z+jets, diboson 4 P IJ_
[ Bl muttijet ] i
500F o
i l:l:l:—-—_.___|_
00- — ..|._LLL"I::-.:|_M.|..|..
50 100 T ®3 &3 BL &D Ann A0 140 1en ;i":l;;m?r?'
E_rrnISS [Gev] e
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t — channel event selection

*Lepton selection (electron / muon): |

e Isolated
» Also some acceptance from
leptonic tau decays  somomn
* Jets
* Anti-ky algorithm N

* Including forward calorimeters (|n|<4.5) |
 Identification of b-quark jets

(including sufficient c-quark suppression)
displaced track R

2
jet ¥
secondary J e
vertex "
180 27 20
PR - - &

A l &Ag Rem Memiber: AAS7EE), Beart: Mumiber: 1EELTAGY
Oefyz 2000456 0229247, G357

RAPERINENT

primary vertex .-

 Number of jets: 2 - 4
» Missing transverse energy

* QCD multijet veto

Seminar - DESY 18.03.2014 Dominic Hirschbiihl - Bergische Universitiat Wuppertal Ny . 21

uuuuuuuuuuuuuu



Typical event yields

Numbers are for 20 fb'l @ 8 TeV

— Purity:
Process W CR it CR SR :
roees 2 jet channel: S/B = 13%
f-channel 9580 + 960 647 + 65 18100 + 1800 3 jet channel: S/B = 9%
tf, Wt, s-channel 25500 + 2000 9560 + 770 54200 + 4300
W +jets 285000 + 156000 2000+ 1100 51000 = 28000
Z+jets. diboson 25000 + 6000 328 + 79 6900 + 1700 — Usage of neural
Multijet 44000 + 22000 650 £320 11800 = 5900 networks to further
enhance the signal, but
Total expectation 390000 + 158000 13000 = 1400 142000 = 29000 e based is also
Data 389919 13041 143332 :
possible

Event Fractions

A |

t-channel 13%
s-channel, Wt, tt 38%
W+jets 36%
Z+jets,Diboson 5%
= t-channel = top = W+jets = Z+jets,Diboson = Multijets ~IMultijet 8%
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Multivariate Analyses

Idea: Combine many variables including correlations in one discriminate }

c LA B R LR BN RN BRI c [0 2] S L B B B [ F T T ) T
_g - ATLAS Preliminary \s=8TeV A _g [ ATLAS Preliminary \s=8TeV ] _g - ATLAS Preliminary 1§ =8TeV -
% 0 1?. _Slmulatlon -SR — t-channel % - Simuiation - SR — t-channel ] % 3 Slmu\a_t_lon - SR — t-channel
— =" ‘ - — B = - i H L
:: | W-iets 4 :: O 15 N Wi 7 — O 1— Y W+jets —
c - c +els c ' £
@ - ff,Wt,s-channel ) [ [ _ 1
> > ) > -+ ff,Wt,s-channel
Ll w N4 [LaL 11, Wt s-channel Ll
0.05F L -
RS- 0 B . . . . ) 'I'--.._ _:__._"“_“' T . '
0 200 400 600

m(jb) [GeV] eoeo

c T T T T T T T T — ]
o . ATLAS Preliminary \s=8TeV
© L Simulation - SR |
g 0 1 5 ._ — t-channel __
§ W+jets

; L 0.1 [ === tf,Wt,s-channel ]

18.03.2014 Dominic Hirschbiihl ffjj Bergische Universitiat Wuppertal

Seminar - DESY




Analysis technique — neural networks

Transmissionsfunktion
Bias Gewichte

w, s(x)
o P&
@ O = ?utput,

arget
2 - Ol «z)
&) (O] o(x)
? O /e
@ Gewichte
O]

@)
Input

Hidden Layer

<phi-t>0 Implementation in NeuroBayes

o

Construction of a continuous
discriminate from several variables
using a neural network

Training with simulated events:
* Training target:

signal = 1, background = 0.
Modification of the weights
between different nodes for a
optimal separation.

 Minimizing the , quadratic loss-

function

L= %Z(t(fz) — T

Known target
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Training / validation of neural networks

Variable

m(jb)
m(fb)
[l

Hidden
Nodes

m({vh)

cos 6(v, W)
Hr
polarization
[An(b, O)
m(b)
sphericity
Ex(j)
AR O

m( jit)
[An(v, b)|
|An( ), b)l

-0.4

-0.5

Seminar - DESY

. :_—Training

—Test

| I I Y Y T P T Y |
2 4 6 8 10 12 14 16 18 20
Number of iterations

18.03.2014

0.15 —T

C T T T T T T T T T T T T T T T T
o - ATLAS Preliminary \s=7TeV
-'g - I* 2 jets tagged t-channel (top)
i i ttbar, Wt
- -
- W.+heavy flavour
c - -
S 0
>
L -
0.05r =

% "0z 04 06 08 1
NN output

Choice of the variables:

* Good data/MC agreement

* Good separation power
Typical training parameters

* 50% signal / 50% background

* 10-15 nodes in the hidden layer

« 50k — 150k trainig events
Validation of the networks

* Overtraining test

Dominic Hirschbiihl

Bergische Universitiat Wuppertal




Training / Validierung von Neuronalen Netzen

Jariable 0.15(——m—m—m———r———1+—++1+
:?zlﬂ,l]“ Input 5 I ATLAS Preliminary \s=7TeV
H:'(LTJ] Nodes -'g : I* 2 jets tagged t-channel (top)
|Fﬂ ] - i ttbar, Wt
m({vh) - | W-+heavy flavour |
cos B(v, W) -;I// Output § 0'1_
Hr 3 '-lr:l’-"". Node i -
polarization “Q‘:’é‘- ?'_‘(/ i
|A(b. ) :;1‘;:5::::@;:% — [
mi(b) -:é ?‘é‘- 2SS 005_ =
sphericity ?zikﬁsv L
Ex(j) oS IS
A O {/4“__""\\%.
m( jit) \ -...I...I...I...I..-
. ) N\ % 02 04 06 08 1
R NN output
3 o .

o 1000"1%‘;‘3. T Choice of the variables:

o o Preliminary =20. \1s=8 leV—

S L W CR  cata J * Good data/MC agreement

—~ | -t;channel | i

£ ' B ke channel | * Good separation power

g—" i [ Wlight jets | . o« e

- = 2 it Gboson _ Typical training parameters

) Il Multijet .
sy 7/ JESOMC stat * 50% signal / 50% background
* 10-15 nodes in the hidden layer
0 50k — 150k trainig events

g 0.2F - . .

R J S Validation of the networks

ga .02 = .

8 0 02 04 06 08 1 * Overtraining test

NN output

» Application in control regions

S
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Measurement of the cross section

c
o N

-— B .

O L 2jets 1t
3 - 2jets 1 tag
L 0.3

—

= [

o [

> L

w 0.2

0.1

Ns=7TeV 1

— single-top t-channel -
—top 1
— Wiheavy flavour ]’
Wilight jets
Z+Jets,diboson
— Multijets

0.8 1
NN output

F 3 jets 1tag
- —

Event Fraction

0.1

T
Ns =7 TeV

normalize}to unit area

« Simultanious fit of all analysis channels to extract the signal events

0.8 1
NN output

LB BL,.... B

Candidate Events

Candidate Events

[ 2 iots 1 bing 1040 " @7 TeV ]
2000 ® Data -
(o ®
[ ]
10001 .. ]
L ¢ e .
3 e )
- .-l
Y02 04 06 08 1

NN output

2000 . ; ; . ]

E 3jots 1 bisg 1.04fb '@7 TeV E

1500 .

r @ Data :

1000F | .

. * ., .

500F° ¢ ., .
- L )

- L] . -

L 1 1 1 1 .-

&0z 04 06 o088 1

NN output

* Free parameter in the likelihood function B=v /v, .

L L L
MC normalized to fit values

' A
MC normalized to fit values

Seminar - DESY
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LB By B =] [P - | | 6Bl 1.0,0)).
k=1 j=1
-(B:-1)

P(ng; ) =

— ny
e Hi Mk

G(ﬁ??;l‘O,ﬁlj} =

1

exp

2
247
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Treatment of systematic uncertainties

Effect of systematic uncertainties ]

* Acceptance E acceptance

» Shape of the network distribution
shape

Ensemble tests 0 1
* Construction of pseudo data from template distributions
» Variation of systematic effect in acceptance and shape
 RMS of the B-distribution i1s a measure of the size of the
systematic effect.

Q T T T
c
g i
' . £ 10000} -
Sources of systematic uncertainties S I
5 o 5 «b]
* Reconstruction / calibration 9 i
* Event simulation 3 5000 -
 Background estimation o
00M '09%).5""'1""1.5 — 2
RMS: 019 B(tchan)
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Some history

ATLAS Onllne Lum|n05|ty \F 7 Tev
I:l LHC Delivered

[_] ATLAS Recorded

Total Delivered: 5.61 fb”'

Trtal Banardad: B 95 fh-1

Comparison with the most recent CDF
measurement using 7.5 pb!

ATLAS Preliminary 156 pb' @ 7 TeV ]

Candidate Events

MC normalized to SM prediction

04 06 08 1
NN output

Total Integrated Lurinosity [fo ]

W + Jets, = 1 b-Tag CDF Il Preliminary 7.5 b

-+ CDF Data
B Single Top 10

800

ATLAS-CONF-2011-088

Events

NN Discriminant
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Some history

0 .
= ATLAS Preliminary 156 pb' @ 7 TeV ]
o jets tag 45
o 1% a 70 ATLAS Online Luminosity \s=7Tev
g 1z 2 65 [ LHC Delivered
S 1e § £ [_]ATLAS Recorded
© e = c
O 18 = S Total Delivered: 5.61 16" :
1< = E  Total Recorded: 5.25 fb” ]
]E E 41— —
18 @ E 3
JO & 3 ]
= £ E ]
,_‘E 2; |
0.8 1 e} . ]
NN output e =
- L L ]

30/08 31/10
Day in 2011

ATLAS-CONF-2011-088

L] 1 T T
ATLAS Preliminary 0.70fb'@ 7 TeV
2 jets 1 tag

Candidate Events

MC normalized to fit values

04 06 0.8 1
NN output

ATLAS-CONF-2011-101
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Some history @ 7 TeV

0 .
= ATLAS Preliminary 156 pb' @ 7 TeV ]
o jets tag 45
o 1% a 70 ATLAS Online Luminosity \s=7Tev
g 1z 2 65 [ LHC Delivered
S 1e § £ [_]ATLAS Recorded
© e = c
O 18 = S Total Delivered: 5.61 16" :
1< = E  Total Recorded: 5.25 fb” ]
]E E 41— —
18 @ E 3
JO & 3 ]
= £ E ]
,_‘E 2; |
0.8 1 e} . ]
NN output e =
- L L ]

30/08 31/10
Day in 2011

ATLAS-CONF-2011-088

[73] T T T T M~ T T T T =
c ATLAS Preliminary 0.70 '@ 7 TeV T e ATLAS j Ldt=1.04f" 4
g) 2jets 1tag i @ 8 2 jets 1 b-tag \s=7TeV
L 12 [%] ® Data b
[} g =1 B Single-top t-channel -
E 1= [0 I ti, Other toF
=] 4o > I W-+heavy flavour
S o u [ Welight jets
% ﬁ [ Z+Jets, Diboson
15 I Multijets
@
© £
- O
c
10
1=

04 06 08 1

NN output

04 06 0.8 1
NN output

ATLAS-CONF-2011-101 Phys. Lett. B 717, 330-350
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Some history

(72} ]
2 ATLAS Preliminary 156 pb' @ 7 TeV ] w ——————————T
© jets tag = _5 (= L ATLAS Preliminary J Ldt=47f" ys=7 TeV 4
g 15 <o 3000FI* 2 jets tagged ® data -
| 15 — T T T T "l i B tohannel (top)
. C i i i = [7)] - I s-channel (top)
_% 5 = 7: ATLAS Online Luminosity Vs=7Tev £ i — e
e} 1= Il C - LHC Delivered o) B ()] W+I'l|eavlyﬂavour
o E %) 5 6 > 2 [ Welight jets
© e 3 £ [_]ATLAS Recorded 1 2000F [ Z+jets, diboson
% 1o i C B I multijet
O 18 = S Total Delivered: 5.61 16" :
1= = E  Total Recorded: 5.25 fb” ]
iH  E3 E 1000 :
2 © E 7
lo & 3 ]
= £ = ]
st 2F =
Nﬁii t t1 l ] 0.6 08 1
utpu 1= —
b = ] NN output
! ! 3

30/08 31/10
Day in 2011

ATLAS-CONF-2012-056
(to be updated soon)

ATLAS-CONF-2011-088

I Multijets

[73] T T T T M~ T T T T =
c ATLAS Preliminary 0.70 '@ 7 TeV T e ATLAS j Ldt=1.04f" 4
gJ 2 jets 1 tag 8 2 jets 1 b-tag \s=7TeV

L 7)) ® Data b
9 = e S_mgle—top t-channel -
© [} B i1, Other 10[3

S > I W-+heavy flavour

= L [ Welight jets

% [ Z+Jets, Diboson

o

MC normalized to fit values

04 06 08 1

NN output

04 06 08 1
NN output

ATLAS-CONF-2011-101 Phys. Lett. B 717, 330-350
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Inclusive cross section @ 7 TeV from ATLAS

Used 1.04 fb-1 of the 2011 data set

Two neural networks
* 2 jet channel — 12 variables
* 3 jet channel — 18 variables

I
ATLAS
2 jets 1 b-tag

Ll T 3
[Ldt=10410"
\s=7TeV

e Data k
[ Single-top t-channel -
I i, Other 10[3
[ W+heavy flavour
[ Wilight jets
[ Z+Jets, Diboson
Il Multijets

Events / 0.07

T
TLAS
jets 1 b-tag

04 06 08 1

NN output

0.2

Measured cross section:

o, = 83 = 4 (stat.) *?0 4 (syst.) pb

SM: o, = 64.6 pb

T T
[Lot=10at" ]
\s=7TeV

e Data -
[ Single-top t-channel J
I T, Other lor E
I W+heavy flavour
[ W+light jets
[ Z+Jets, Diboson
Il Multijets

0.6 0.8 1
NN output

Significance 7.2 ¢
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Source ‘ ‘ﬁgexpfgexp [%] ‘ AT s/ Tops [0]
Data Statistics +6.1 +5.1
MC Statistics +3.8 +3.4
Object Modelling
Jet Energy Scale +4.7 +5.3
Jet Energy Resolution +1.7 +1.5
Jet Reconstruction +0.5 =0.2
b-Tagging Scale Factor +13 +13
Mistag Scale Factor +0.6 +0.4
Lepton Efficiencies +1.9 +2.0
Lepton Energy Resolution +0.4 =0.3
Electron Energy Scale +0.5/-0.6 0.2/-04
EMES +1.0 +0.8
Pileup E}M'* +1.0 +0.9
Liquid Argon +0.9 +0.9
Event Modelling
PDF +3.3 +3.3
W Shape +0.5/-0.3 +0.5/-0.3
Top Generator +3.3 +2.3
t-Channel Generator +3.5 +3.5
ISR/FSR +14 +14
Parton Shower +4.5 +5.0
1-Reweighting +6.9/—4.2 +6.4/-3.9
Normalisation
Background Normalisation +1.1 +0.9
QCD +5.7 +4.4
Luminosity \ +3.9 +3.8
Total Systematic | +25/-24 +24/-23
Total Systematic + Statistic ‘ +26/-24 +24/-24




Inclusive cross section @ 7 TeV from CMS

Used 1.17/1.56 fb'! of the 2011 data set livenigaeldotent.based analysis
M erent methods Process Muon yield Electron yield
e Neural network t-channel 617 + 3 337 + 2
e orks tW channel 107 £ 1 70.2 £ 0.9
. 37/ 38 variables for .s:channel 25.6 &+ 0.5 14.7 + 0.4
lectron/muon channel ! b6L =6 st =5
S W + light partons 92 £ 7 38 + 4
+ BDT We(@) 432 + 14 201 + 9
* 4 BDTs Wh(b) 504 + 14 236 & 10
* 10 variables 7 + jets 87 + 3 1341
* Cut based Dibosons 233 £ 04 107+ 0.3
 fit to light jet |n| QCD multijet 77 + 3 62 + 3
Total 2626 + 22 1468 + 16
 Combination of all three using BLUE Data 3076 1588

2 jets 3 jets 4 jets
0 tag W+jets CR W+jets CR tt CR
1 tag Signal Region  Signal Region tt CR Uezdl i e
2 tags tt CR tt CR signal extraction
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Inclusive cross section @ 7 TeV from CMS

2 CUS (B TTey, F&S@".t ‘ I Uneertainty source NN BDT L |
(] |
i u —— Daia E Statistical —6.1/+5.5% —4. 7/ +5.4% =8 5%
t-channel | H . . - g o i
thasedz o % | Limited MC data —1L7/423%  +3.1% +0.9%
WIZ + jets, Diboson J & = = = T
aco matier = | et energy scale —0.3/+1.9% +0.6% —3.0/+4.1%
= = | Jet energy resolution —0.3/+0.6% +0.1% —0.7/+1.2%
E = % | b tagging —2.7/+3.1% +1.6% +3.1%
E = = | Muon trigger + reco. -22/+2.3% +1.9% —-1.5/+1.7%
55 :: 2. | Electron trigger + reco. —0.6/40.7% +1_24%, —0.8/+0.04%
I — o | Hadronic trigger —-1.3/4+1.2% +1.5%, =304
5 ] _ h o Uy ey
) WS Garter Leaw E Fileup _ 1.0 |'[J.'i].jrf. :t{ll_-l,_rf. 0.3/ Ii.].ﬂxf
T 600 Muon, 2jets T-btag” — Data z Fp modelling —0.0/4+0.2% +0.2% =0.5%
> B t-channel = — = — ——= — =
w 1. 5-channel, 20 Wjets —2.0/+3.0% —3.5/+3.5% 5.0
Neural =iz & | | [+30% 257 _
D mutiet = light flavour (u, d. s, g) —0.2/+0.3% +0.4% n/a
netWOTk = heavy flavour (b, c) -1.9/4209%  —35/+2.5% n/a
@ |t —0.9/+0.8% +1.0% £3.5%
:E QCTY, muaon +0_85%, +1. 7% =094
O, electron +0.4% +0.8% —04,/+0.3%
08 06 -04 -02 0 02 04 06 08 | &, tW ch., dibosons, X+ jets +0.3%, +0.6%, =054
NN output Total marginalised uncertainty —T.7/470% T+ 7.8Y% i
L ONSEaTI Lot | N ].lthli.Tl[)i-iiL_'n' +2.2%
€ 50p[ Muon. "2jels 1-blag" . = Scale, ti —3.3/+1.0% +00_9%, —4.0/+2.1%
q>_) F —— Data | e = Tz ] 7 iy
- 400;BDT .L‘- I <harve E d 3 Scale, Wjets -28/+40.3% —0.0/+3.4% s
E +_L i e e oeson ] @ = | Scale, -, s, tW channels —0.4/4+1.0% +0.2'%, —2.2/+2.3
%00 - i ccoma £ " | Matching, 1 +1.3% +0.4% +0.49
200f e = % | t-channel generator +4 2%, +4 6%, +2.54
F E < = | PDF +1.3% +1.3% +2.5Y
100 —
g ] Total theor. uncertainty —6.3/+4.8% —4.9/+50% —5.6/+4.9%
;;T oft:ut Svst. + theor. + lumincsity uncert. —81/4+78% —E1/4+84% +10.8%,
Total {stat. + svst. + theor. + lum.) | —10.1/+40.5%  —0.4/+10.0% +13.8%

Cross section from combination
o, = 67.2 £ 3.7 (stat.) + 3.0 (syst.) = 3.0 (theor.) £ 1.5 (lumi) pb

Seminar - DESY 18.03.2014 Dominic Hirschbiihl g@ Bergische Universitiat Wuppertal



Inclusive cross section @ 8 TeV - History

Used 5.8 b1 of the 2012 data set | Used 5.0 fb'! of the 2012 data set |

1 CMS Preliminary, 5.0 o, Vs = 8 TeV
6000— ATLAS Prellmlnary I L dt 5 8 fb 15-8 TeV—

F 2 ]ets SR * data 1200
L [ t-channel
B {, Wt,s-channel i
0 W+heavy flavour 1000
[ W+light jets -
[ Z+jets, diboson
B QCD multijet 800
% QCD + MC stat unc.

7|-e-data

I -cnannei

4000

_Dﬁ, tW-, s-channels

__ll WiZ+jels, dibosons

Qco

Events / 0.05

600

400

. F 200

*
....4...|..4..........l.....‘...l......‘...0......0...'......'..._

rel. diff.
(=]

0 0.2 0.4 0.6 0.8 1
NN output

pireny o BN

Measured cross section: Mia;(l)lieGd N iefimn: 11 Qumi) vb
o, = 95 + 2 (stat.) + 18 (syst.) pb Ot = (stat.) (syst.) (lum1.) p

Dominate uncertainty:
JES, theoretical uncertainties
(generator, PDF)

SM: o, = 87.8 pb

Dominate uncertainty:
b-tagging, JES, signal generator

Seminar - DESY 18.03.2014 Dominic Hirschbiihl Z%{i Bergische Universitat Wuppertal =, 36
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Fiducial cross section measurment

Idea: Measure cross section only in visible phase space, don’t add
theoretical uncertainties from the extrapolation to the measurement.

-k
L

- b = =» = > = m
J'T\'Tpa.rt = f part!reco * I\'IE:E ' f reco!part ° f accpt (J'T\'Tmm —N l:--:rnd)

[=}

full phasespace

Define a fiducial phase space close to the phase space of the selected data events

Object Cut

Electrons pr > 25 GeVand || < 2.5

Muons pr > 25 GeVand || < 2.5

Jets pr > 30 GeVand || < 4.5
pPr>35GeV.1f2.75 < |n| < 3.5

Lepton (£). Jets (j;) AR(L, j;) > 0.4

Euss Ems > 30 GeV

Transverse W-boson mass mt(W) > 50 GeV

Lepton (£). jet with the highest pr (j;) pr(£) > 40 GeV [] - }H%W]

Seminar - DESY



Fiducial cross section measurment

Used 20.3 fb'! of the 2012 data set Sourcs ATaalirea 4]
. . Data statistics =15
One neural network in the 2 jet MC. st iy
Channe]‘? 14 Varlab]‘es Multijet normalisation +23-14
Other background nommalization =08
3 JES 1 intercalhibration +79
x10 JES physics modelling =30
400 T T T T T T T T T T T T T
0 ATLAS Preliminary | L dt = 20.31b™ ys=8 TeV ] TES detector <05
. | JES statistical = 0.5
o SR ¢ data ’ o . .
— B tchannel h JES n:.m:ed aehe-{tur and modelling <035
2 B 17, Wt,s-channel ] JES :’.Igle particle <03
GC) ] Weets ] JES pile-up <035
> DZHGIS, diboson ] JES flavor composition =08
Ll I Multijet ] JES flavor response +0.5
7/ t-ch.gen@nyinter. ] b-JES <05
% Lepton uncertainties =29
EZ modelling =30
b-tagzing efficiency +35
0 c-tazging efficiency <05
3 0.2F 3 Mistag efficiency <05
o 8 0 fper—rasar—rrs e “‘"_":' Jet enargy resolution 1.7
% o -0.2F 3 Jet reconstruchon aff. =035
= Jet vertex fraction <05
f-channel generator +7.0
FF+)ets generator =14
PDF =11
. . . . 17, Wt and s~channel generator <05
Measured fiducial cross section: ISR/ FSR () <05
ofq = 3.37 £ 0.05 (stat.) £ 0.47 (syst.) £ 0.09 (lumi.) pb T »
Total +14
Seminar - DESY 18.03.2014 Dominic Hirschbiihl f;%‘;% Bergische Universitat Wuppertal S5~ 38
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Fiducial and extrapolated cross section

Comparison of different of
generator predictions

Extrapolated inclusive cross
section

YT rrrrrrrrrr et
ATLAS Prelimnary | Ldt=20.3fo" 1s=8 TeV
ATLAS result b ot
[Jstat. ® sys. []stat. :

Predicted fiducial cross-section:

aMC@NLO(2—3)+Herwig —aid

Powheg(2—3)+Pythia6 ——i
Powheg(2—3)+Pythia8 |—-—:|
Powheg(2—2)+Pythiaé |—r-1
AcerMC+Pythia u=172.5 GeV b———t—i
AcerMC+Pythia6 1=60 GeV  ———————

rr[rrrrrrrr[rrrroorrrprrrr T
ATLAS Preliminary [ Ldt=2031b" \s=8 TeV

Data corrected with

acceptance correction from:

NLO+NNLL (MSTW2008)
aMC@NLO(2—3)+Herwig —_—
Powheg(2—3)+Pythia6 — e ——
Powheg(2—3)+Pythia8 — e
Powheg(2—2)+Pythia6 —

AcerMC+Pythia6 p=172.5 GeV .

5Tz T35 3 35 4

G?d[pb] FEEFEN NI A N BTN N T BN ENT SN RN U TN SN R R T A A

* Inclusive cross section for each
generator calculated accordingly
* Uncertainy includes scale

variations and PDF uncertainty
(PDF4LHC description)

AcerMC+Pythia6 u=60 GeV =@ —e———

P
40 50 60 70 80 90 100
6, [pb]

Uncertainty includes measured
uncertainty plus PDF uncertainty of
the extrapolation

First time, that signal modelling can be studied in data!
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t-channel cross section ratio

' :
q q The charge of the top quark i1s connected to
W the type of the incoming light-flavour quark
t — Measure cross-section ratio
b top-quark/top-antiquark production is
sensitive to d/u-quark ratio
8 b _ o(tq)
LT ot
Ratlo of up/down quark distributions at Q = 100 GeV
(v 0] 11_ T T T T T T T T T T T 7 ‘1r,.«"‘r)' T T
o (M T8
= 1.08) AN [
5 1.06%— ‘ I //@3/ -
= 1.04[ 45, 0| “//jf E
e C 7 40
= 1.02F T
. & —
® 098 A\ ﬂj E
 of
094 5545 cro \ O"I -i
0.92F |Ti asun N 3
0.9 1l | c e, N
10° 102 10"
X
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Cross section ratios @ 7 TeV

PDF set

scale unc.

R, PDF unc. g 4- / 5-flavour
ABMII (3 flav.) 2,06 -0.2% /0.1% 2% [0.9% -0.9% /[ 0.8% + 0.7%
CT10 1.93  -0.2% /0.1% -4 19 ] 3.5% -0.4% [ 0.3% + 0.3%
CT10 (+ DO W asym.) .86 -0.2% /0.1% -2.7%/2.3% -0.4% /0.4% + 0.1%
GJROS (VF) 1.88  -0.19% /0.1% -2.5% | 2.7% + 0.2%
HERAPDF 1.5 .98 -0.1%/0.1% -3.5% /2.0% -0.2% | 0.2% + 0.1%
MSTW2008 (68% C.L.) 1.89 -0.2% /0.0% -1.4% [ 1.7% + 0.3%
NNPDF 2.3 1.87 -02%/0.1% -1.1%/1.1% -1.3%/0.2% + .3%

Calculations are done using MCFM and Hathor

Statistical uncertainty

* from integration — 0.2% for R,
Scale uncertainty e e
* Scan p,l¢ plane between %2 and 2 x nominal CT10 (+ DO W asym) ——
2 2 2 3 GJRO08 (VF) ——
—> &4 VS, a4 — HERAPDF 1.5 —e—

» Use difference between the two calculations MSTW2008 (68% C.L.) e

o o o NNPDF 2.3 e
PDF internal uncertainties

: : : 14 15 16 1.7 18 19 2 24 22

» (Calculations are done according to respective R

recommendations

Quite large variations of Rt
for different PDF's

0

S

 +0.002 or correlated with PDF unc. (MSTW)
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Cross section ratio
Used the complete 7 TeV dataset (4.7 fb-1)

Analysis needs to be separated into 4 channels:
Charge of the top quark results from the charge of the lepton
— Split analysis into + und — of the lepton chareg
Use 2 and 3 jet channel
For each channel one separate network
Common choice of variables per jet bin

* 2jet channel — 15 variables

* 3jet channel — 19 variables
Measurement of o(t), o(t), o(t) / o(t)

< G nv)
minus Eq,) pr(D)

T T -
ATLAS Preliminar y \s=7TeV |
[ I+ 2 jets tagged —— t-channel (top)

0.1

— tthar, Wt

~—— Wa+heavy flavour

Event fraction

HT PT(Juz)
< | An(bl) | H,

mlnus | AnG D) | | AnG9) |
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Cross section ratio

lIlIIllllllllIllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Preliminary f Ldt=4.7fb" \s=7 TeV
ATLAS result | : é
ABKMO09 : ——i
NNPDF 2.1 P ———
MSTW2008 b —e—i
GJROS e
CT10 (+ DO W asym.) —e——i
CT10 § ——a—i
I L. AL L l Lol l
12131415161718192 2122

R

sets and old uncertainty calculation!

Measured values:
0,(t) = 53.2+ 10.8 pb
0,(t) =29.5+ 7.5 pb

ol +0.23 +12.8%
R, =1.81 0.92 ( ® 12.4%)

Update will come soon!

———1T—r—r—7T—rT7Tr—rr7r
- ATLAS Preliminary JLdt: 471" Vs=7 TeV 4
3000FI* 2 jets tagged ® data -
[ t-channel {top)

I s-channel (top)
I ttbar, Wt

[ W+heavy flavour
[ W+light jets
[ Z+jets, diboson
I multijet

Events / 0.05

2000

0.6 0.8 1

NN output

[ ATLAS Preliminary [ Ldt= 4716 V=7 TeV

- |+ 3 jets tagged ® data
[ t-channel (top) -

1 500 - I s-channel {top) -

L I itbar, Wit

[ W+heavy flavour

[ W+light jets

[ Z+jets diboson

I multijet

Events / 0.05

1000F

500}

0.4 0.6 0.8 1

NN output

Dominate uncertainty:
« Data statistic
* QCD normalization
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t-channel cross section ratio CMS

Used 12 fb-]. Of the 2012 data Set UnCertaintY S(‘)LII“CB Tt—ch,antitop (0/9) Ut—ch,top (Cy") R channel (Cy")
8 stat. uncertainty + 8.6 + 3.9 + 8.8
Cut based analysis JES,JER, and MET +49 +42 +26
b-tagging and mis-tag +43 +3.7 + 09
backgrounds ratio + 0.6 + 0.5 + 1.1
lepton reconstruction/trig. +19 +138 +3.6
CMS Preliminary, 12.2 fo ', Muons +, {s = 8 Te qed extraction +64 +3.4 + 0.9
2 qg0g E0T T T T T [ T T T T T T WJets, tt extraction +59 +24 + 6.8
i E signal modeling +11.4 + 154 +54
3000 € pdf uncertainty +5.8 +238 +75
____________ 5 simulation statistics +1.1 +0.6 + 1.1
2500 luminosity +44 +44 -
total systematics +17.4 +17.8 +12.6
2000 total relative uncertainty +194 + 183 +15.3
oo | Scale factor w.rt. SM & uncertainty | 0924018 | 0.88+£0.16 | 0.96+0.15 |
1000 S

Measured values:

=499+9.1 pb
28.3 £ 5.5 pb

0,(t)
0,(t)

R, = 1.76 + 0.27 (+ 15.3%)

CMS Preliminary, 12.2 fb",\Js = 8 TeV

Trr[rrr|yrrryrrrrrrrrrrrT

CMS Preliminary,

T[T rrrrrorr

TOP-12-038 1.76+ 0.15 (stat) + 0.22 (syst)

CTEQ6M

CT10
. MRST06
. MSTWO08 NLO 90CL N.=4
. HERAPDF 1.5 NLO
. NNPDF 2.1 N_=4

PTE N TSR NN W TN T S TN N RN NN N NN SN MR

1
ol o a1y

0.4
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Introduction couplings

£ = —Lby"(VPL+ VaPR)t Wy
N

g plo*q

b

Mo

(91PL+ grPR)t m: + h.c.

N

\.-'

[EPJC50 (2007) 519, NPBBO4 (2008) 160, NPB812 (2009) 181]

% 0.8 = left-handed
D i ==== longitudinal
2 g | right-handed
| S0.6 — sum (SM)
~ L
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W helicity 1n single top events topology

CMS preliminary, 1.14 fb" at {5 =7 TeV " CMS prellmlnar],r 531" at 1'§ g TeV
£ —= data = B -+ data
o I t-channel § Il t-channel
@ 350'_ tW-channel E tW-channel
=] r s-channel S i s-channel
2 - i % 200l il
Di-boson Di-boson
Analyses done for | &3of- e Sl - ers
. 1 N B ¢ Z+Jets = B 7 /Z+Jets
> r QcD QcpD
7 TeV Wlth ]_ o ]_ 4 fb 2510:— ; [ stat. Unc. [ Stat. Unc.
8 TeV with 5.3 fb-! - - ]

1 | 1 1 1 11 111
-1 08 06 04 02 0 02 04 08 08 1

1
02 04 06 08

04 02 0 1

cos(8") cos(8)

—s— CMS preliminary, 7 TeV & 8 TeV

I + o Statistical Unc.
Systematic Unc.

0'5__ — — Total Unc.
—+— SM @ NNLO in QCD

Combination Of 7 and 8 TeV anaIYSiS E Phys.Rev.D81(2010)111503
using a combined likelihood |

F. = 0.293 + 0.069(stat.) + 0.030(syst.),
Fo = 0.713 + 0.114(stat.) + 0.023(syst.),
Fr = —0.006 + 0.057(stat.) + 0.027(sys

t).
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W polarization beyond helicity fraction

[NPB840 (2010) 349]
L= consider transverse and normal directions

g =» W mom in ¢ rest frame
s; =» top spin

'y X

o Ul 57
|
Rl |
2l oy

meaningful for polarised ¢ decays

(e.g. in single top production)

¢, =>» angle between/, g

I" dcos U'IX

' 1 dl 3 a3 3
determine £y, Fo. F —x = (1 +cos6f)? FY + 2(1 — cos 6 ) F¥ + 2 sin® 0 F}

67 => angle between ¢, T
determine F7, F!, FT

Al = 3 [FN — V] Ay =~ 0.64 PIm gg

gy =>» angle between ¢, N
determine F, FY, FY

>
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Unfolding of cos 8y

Used 5.8 fb'! of 2012 data set

Additional cuts to enrich

t-channel signal

To measure AL? the cos 8y distribution
1s unfolded

Uncertainties are estimated using
pseudo experiments

cos Byafter final selection

[Ts) LA L B L B L LN N B L BB B
g ATLAS Preliminary sy TLAS data -
S 2 jets 1b-jet electrons - ,j: W:,;:_Echanna, =
= R I WeHF jets =
OC) L dt = 4.66 fb1 W-light jets -
> Z+jets, Diboson -
[} \s=7TeV . Multijet =
..q_'! W, MG stat. + multijet unc. E
] —
S o .
c ,
©
(@]
§ E T T T T T T T =
[ et
a 15_.4 ok wyv. vy TR ST T =
8 05F =
] oot b b b e b e e 1T
& -1 -08 -06 -04 -02 0 02 04 06 08 1
cos 6N
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1000 T T T T T T T T T T T T

2] ]
o - ATLAS Preliminary —— ATLAS data 4
> I 2jets 1b-jet combined BN t-channel e
$ r 1 Backgrounds h
= 800— | Ldt=4.661b W, MC stat. + multijet unc. |
% L 1s=7TeV R
c - 1 % =
3

@)

600

400

200

0—1 -08 -06 -04 -02 0 02 04 06 08 1

cos O

Measure}ﬁ;ta Background subtraction



Result

- ATLAS Preliminary | | . Source AAIF:IB
- 2otz 1 b3t comihg - f-channel generator +0.024 / -0.024
- ;[SL d;‘:'lss fo! - it generator and parton shower +0.010/ -0.010
- T 7 Background normalisation +0.008 / —0.008
: * SM prediction (LO) . Jet energy resolution +0.007 / —0.007
- .o ((285// CéLL)) - Jet energy scale +0.005 / -0.009
[ Al -0.03+0.07 (stat. @ B Lepton 1d. reco., trigger and scale | +0.004 / —0.006
- ] PDFs +0.003 / —0.003
- e Unfolding +0.003 / —0.003
- - ERuss +0.002 / —0.004
T s By . IR R b-tagging +0.002 / —0.002
W +jets shape +0.001 / —0.001
ISR/FSR +0.001 / —0.001
Jet reconstruction efficiency +0.001 / —0.001
Luminosity +0.001 / —-0.001
Jet vertex fraction <0.001 / <0.001
Total systematic +0.029 / —0.031

Measure values.

Data unfolded: A5Z = 0.031 + 0.065 (stat.) = 0.030 (syst.)
Assuming P ~ 0.9 (SM) (Polarization)

68% C.L.: -0.07 <Im(gg) <0.18

95% C.L.: -0.20 < Im(gg) < 0.30




Polarization

Used 20 fb! of 2012 data set
* Regularized unfolding of cos@*distribution, after selection based on BDT
discriminante

e data

800 [~ signal (t-chaniigl) ™ CMS preliminary Vs = 8§ TeV, L =20 o’ (':U CMS preliminary Vs = 8 TeV, | = 20 fiy" |
[ e Muon channel, 2J1T BDT > 0.06
[ = | ] A =0.42 £ 0.07 (stat) £ 0.15 (syst.) -
600|- mmDY : . _ B ]
- .‘a""b 5 i - 2001 « ynfolded data
- oo | mmoenerated (POWHEG) _

Q
[ (Zistal. + syst v2generated (CompHEP) e

400

200

1007 ............ -

(exp.-meas.)/meas

1 1 1 Il I 1 1 Il 1 I 1 1 1 1 I 1 1 L 1
0-1 -0.5 0 0.5

1
cos 6*

g N -N{)
=N+ N

Result:
* Top Spin asymmetry: A; = 0.41 + 0.06 (stat.) + 0.16 (syst.)
» Top Polarization: P, = 0.82 + 0.12 (stat.) + 0.32 (syst.)
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Wt single top quark production
8 W

Two decay modes:
 Leptjets: On W boson decay
leptonically one hadronically
* Di-lepton: Both W bosons
decay leptonically
Interference with tt @ NLO

&Y

CMS, \s = 8TeV, L=12.2 fb’
o | |

® Data

14000 % E W
B tt .
12000 Z_Z "

Uncertainty :

Main background: tt production A

« DBoth experiments reported o ) )
evidence with 7 TeV ' 60007

* Both experiments reported
evidence with 7 TeV

1j1t 2jit 2jot

Region

uuuuuuuuuuuuuu
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Wt single top quark production

Used 12.2 fb! of the 2012 data set |
BDT in the dilepton channel

Systematic uncertainty Ao (pb) Ac/c

ME/PS matching thresholds 3.3 14%

CMS, Vs = 8 TeV, L=12.2 fb"", 1j1t Renormalization /factorization scale 29 12%
700F T T T T e g ] Top-quark mass 22 9%
co 0;_ — Fit statistical 1.9 8%
- Bl 2y ets Jet energy scale 0.9 4%
..g 4000 . Z+jets data/simulation scale factor 0.6 3%
o ¢ tW DR/DS scheme 0.5 2%
L1y 300 tt cross section 0.4 2%
2001 Lepton identification 0.4 2%
- PDF 0.4 2%
100 Jet energy resolution 0.2 1%

’ ' b-tagging data/simulation scale factor 0.2 <1%

01 02 03 -8 :

BDT discriminant tt spin correlations 0.1 <1%

Pileup 0.1 <1%

Top-quark pr reweighting 0.1 <1%

EMiss modeling 0.1 <1%

Lepton energy scale 0.1 <1%

Total 55 24%

Measured cross section:
c,=23.4+54pb
SM: o, = 22.2 pb

Significance 6.1 ¢

Seminar - DESY 18.03.2014 Dominic Hirschbiihl



single top-quark cross-section ¢ [pb]

Summary

All three production modes of single top are now observed
Measurements in the t-channel starts to enter precision

measurement area

 First fiducial cross
e Measurement of W

Measurements of cross section ratio

Measurement of CP violation
Are already done, more to come .... stay tuned

section measurement
helicity

AL A R | N T E hae o T | =
- ATLAS Preliminary March 2014 | 5 £ CMS Preliminary ]
- . - v . -
- single top-quark production t-channel 4 — Single top-quark production =
B 7 1':'2 = i W . 4

1 02 = Wt—_ E ' - - E
E 3 f— [P pu— -
E E B J_F,,%-'""Y s-channel
B NLO+NNLL at m = 172.5 GeV 10 = - e S
- " MSTW2008 NNLO PDF - = L~ E

1 T stat. uncertainty = _,.f:_F_J_,a-""F .
0 / sohannel E i // -
C . Z = 4 Approw. MMLO Kidonakiz, PRD 83, 091503 (201 1) 5
/ #t-channel 1.04 fb™ pLs 717 2012 330 | = /::' e COME, JHEF12(2012) 035 -
- Zt-channel 20.3 fo! ATLAS CONF 2014007 - -/ 4 CMS, toba sub. to JHEP i
B FWt 2,05 fb™! s 716 @012) 122 B i Approx MMLD Hidonakiz, PRD B2, 054018 (2010)
1k i -1 = E CMS, Phys Rev.Lett 110, {22003 (2013 B
= Wt 20.3 b ATLAS-CON1F-2013-100 3 = NS, PAS-TOR.12.040 -
T Y s-chanpel 95% C.L. limit 0.7 fb™ aTLAS-cONF-2011-118 7] ~ Appror. NMLO Kidonekis, PRD 81, (54028 (2010)
L L 1 1 ~ *  CMS, PAS-TOP-13-009 {FC interval) .
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