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Objective of Elementary Particle Physics

“So that I may perceive whatever holds
the world together in its inmost folds.”

= from the smallest dimensions in microcosm
to the largest dimensions in the Universe
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Objective of Elementary Particle Physics

“Dass ich erkenne, was die Welt
im Innersten zusammenhalt.”

Goethe, Faust

= from the smallest dimensions in microcosm
to the largest dimensions in the Universe
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Big Bang in the Lab?
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The Tevatron pp Collider at Fermilab

00

Main Injectof
& Recycler

— T

Vs =1.96 TeV
At = 396 ns

Run 1 1987 (92)-95
Run Il 2001-11: 100x larger dataset
at increased energy
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30 September 2011

Tevatron complex shut
down after 26 years
of successful operation.
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The LHC pp Collider at CERN

The Large Hadron Collider:

* proton-proton collider

> high energy: +s = 7 TeV

*» since 2012: /s = 8 TeV
2+2014-20307??: /s = 13 TeV
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The Standard Model of Particle Physics

strong force

P

electromagnetic force

W

weak force

>00.0.§000..

gravity
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Particle Masses

= b (1976)

*®  leptons
e

0 I 25 5 7.5 10

neutrino masses « | eV proton Mass (GeV)
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The Top Quark

= b (1976)

*%  leptons
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History of the Top Quark Search
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History of the Top Quark Search

e 1976: Discovery of Upsilon at Fermilab
Contains a 5w quark: the b-quark
— Structure of quark families suggested existence of a 6w quark: the top
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History of the Top Quark Search

> From here on the race to find the top began
+ Petra (e*e”) at DESY, Hamburg: mt>23.3 GeVin 1984

+ Tristan (e*e") in Japan: m >30.2 GeV in late 80s

+* UA1&UA2@SPS (pp) at CERN: discovery of
Wand Z in 1983

UAL: mt>44 GeV in 1988

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

LEP (e*e”) at CERN : m >45.8 GeV in 1990
UA2: mt>69 GeV

= W — tb search channel closed down

Mw>mi+mp b{
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History of the Top Quark Search

> From here on the race to find the top began
+ Petra (e*e”) at DESY, Hamburg: mt>23.3 GeVin 1984

+ Tristan (e*e") in Japan: m >30.2 GeV in late 80s

+* UA1&UA2@SPS (pp) at CERN: discovery of
Wand Z in 1983 m,, Constraints from EW Data

» UAL m>44 GeV in 1988 [From constramt
(after having an excess in 1984 Bhhanc. i mon
which they thought was evidence for top)

+ LEP (e*e”) at CERN : m >45.8 GeV in 1990

+ UA2: m >69 GeV

Electroweak precision data
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History of the Top Quark Search

» 1984/85: Tevatron collider
commissioned and dedicated

> October 1985:

First collisions recorded by CDF
+ D@: still in construction

> 1987: CDF Run-0
*» 1992: First collisions by D@

* Runl (1.8 TeV): 1992-1996
+ 1995: Discovery of the top quark!
+ In total ~120pb™" per experiment
+* D@: more focused on calorimetry
+* CDF: more focused on tracking
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The Top Quark

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)

1995, CDF and D@
experiments, Fermilab
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The Top Quark

PRL 74, 2632 (1995)

|discovery| PRL 74, 2626 (1995)

March 2nd, 1995:
First announcement of Top Discovery
in public seminar at Fermilab

|
i? events DG

Fitted Mass (GeV/c?)

| I | 1

19 events CDF

1995, CDF and D@
experiments, Fermilab
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The Top Quark

PRL 74, 2632 (1995)
PRL 74, 2626 (1995)
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The Top Quark
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The Top Quark
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The Top Quark

PRL 74, 2632 (1995)

discovery| == 74, 2626 (1995) ‘precision
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The Top Quark

ou leptons
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MANCHESTER

Top Quark Physics

The Top Quark
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The Top Quark

m !
b

1c

quarks

A
d

u

o1
ou leptons

4

Ll 1 l L1l 1 1 l L1l 1 1 l Ll 1 1 I

1 | 50 Hmo T 150 [200

Wz H

MANCHESTER Top Quark Physics



The Top Quark
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MANCHESTER
1824

Top Quark Physics

The Top Quark

> needed as isospin partner of
bottom quark

* discovered in 1995 by CDF and D@:
m, ~ gold atom

* large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

> short lifetime: T~ 5 107 %s K I\“QCD:

decays before fragmenting
— observe “naked” quark

0@l THE ROYA
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Top Quark Analyses

anomalous couplings
rare decays
branching ratios
CKM-Matrix-Element |V, |

‘\\W new particles
spin correlations

charge asymmetry
A

FB

mass, charge,
width, lifetime

production cross-section W helicity
production kinematics q'v
production through resonances
new particles qr

le t luction production cross section, CKM-Matrix-Element |V,|,

anomalous couplings, searches for new particles

THE ROYA
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Cross Section in Hadron Hadron Scattering

o= Y [drd f,-(;rl,QQ)-fj(l‘z-Qz)'i(Q2)

i,J=q.9.9° T

_ T PDF for incoming
Sum over incoming parton i

partons i, j

Momentum fraction “par!onic” Cross
for incoming parton section
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Top Quark Pair Production

Tevatron
(85%)
q- -
g t

S
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Top Quark Pair Signatures

tt decay modes

all hadronic

M lepton + jets

e’ u* Tt

w+ e/u + jet
dilepton (e/n) 34%
6%
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Lepton+jets Sighatures

* B hadron lifetime T ~ 1 ps
+ ° B hadron travel L, ~ 3 mm

before decay

displaced track

WNE AL Top Quark Physics - Christian Schwanenberger - HCPSS 2012, Fermilab 37



Lepton+jets Sighatures

3000 times higher rate | Packground

\9

q q
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Overview Lepton+jets Selection

loose lepton tight lepton
(W) selection (W) selection

+ 2 4 jets + 2 4 jets

(= QCD background)/

multivariate analysis, b-tagging

N ¥
&
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Determination of Multijets Background

lepton+jets

loose

) e T

isolation

— E »
tight EQCD NQCD + 8\I\H-ttbar Nw+ttbar

«N _und N__:signal dataset

loose tight"

. & : independent multijet (QCD) data set (e.g. small E)

QCb
- €, ..+ Wt+jets Monte Carlo simulation

(normalization to data)

> solve equations for N, and N,

> determine multijet (QCD) background entirely from data

MANCHESTER Top Quark Physics - Christian Schwanenberger - HCPSS 2012, Fermilab




What is a Cross Section?

> differential cross section: do/dQ:
- probability of a scattered partlcle m_ a glven quantum

state per solid angle dQ
- e.g. Rutherford scattering

experiment

‘?!!!lll!l!i

Geiger and Rutherford in Manchester

* integrated cross section: o= § do/dQ dQ

Measurement: | 0=(N_,-Ny,)/(€L)]

MANCHESIER Top Quark Physics - Christian Schwanenberger -



Lepton+]Jets Topological Cross Section

powerful test of QCD and search for new physics

- kinematic properties allow
separation between signal and
background

DO, L=5.3 fb""
top pair

t

Events / 10 GeV

use variables such as:

energy-dependent quantities:
* e.g. transverse mass of leptonic top

angular dependent: 0750 100 150 200 250 300 350 400 450 500
* e.g. sphericity M;"' (GeV)

- Random Forests of
Boosted Decision Trees

1N
LL

' A
52,
F/\P F/\ P
§
HOoOo N 00
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Lepton+]Jets Topological Cross Section

powerful test of QCD and search for new physics

- kinematic properties allow
separation between signal and
background

DO, L=5.3 fb""
top pair

t

Events / 10 GeV

use variables such as:

energy-dependent quantities:
* e.g. transverse mass of leptonic top

angular dependent: 0750 100 150 200 250 300 350 400 450 500
* e.g. sphericity M;"' (GeV)

- Random Forests of
Boosted Decision Trees

background signal
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Boosted Decision Trees

* |[DEA: recover events
that fail criteria in
cut-based analyses
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Boosted Decision Trees

* IDEA: recover events

that fail criteria in
cut-based analyses

MANCHESTER Top Quark Physics - Christian Schwanenberger - HCPSS 2012, Fermilab 45



Boosted Decision Trees

* IDEA: recover events
that fail criteria in
cut-based analyses
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Boosted Decision Trees

* IDEA: recover events
that fail criteria in
cut-based analyses

* result:
weight for every event

background signal

% ' v »

s/b s/bs/b s/b
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Boosted Decision Trees

* IDEA: recover events

that fail criteria in
cut-based analyses

boosting:

strain tree: T
-derive weight: or,
- retrain tree: T |

to minimize error
-average: T =2 &« T

™ B @« - .
. ¥ » ’ * ’

s/b s/bs/b s/b
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Boosted Decision Trees

* |DEA: recover events
that fail criteria in
cut-based analyses

* result:
weight for every event

background signal

s/b s/bs/b s/b s/b s/b
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Boosted Decision Trees

* IDEA: recover events
that fail criteria in
cut-based analyses

* result:
weight for every event

background signal

s/b s/bs/b s/b
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Boosted Decision Trees

* IDEA: recover events

that fail criteria in
cut-based analyses

* result:
weight for every event

background signal

s/b s/bs/b s/b
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Boosted Decision Trees

* |DEA: recover events
that fail criteria in
cut-based analyses

> result:
weight for every event

ckground signal

s/b s/bs/b s/b
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Lepton+]Jets Topological Cross Section

up to 6 variables
D@, L=5.3 fb™

top
pair
/

combine:

.s " " RFdiscriminant 2 jets
multijets 3 jets

+0.71 . >4 jets
m, = 1725 GeV [ott. =7.68_ (stat+syst+lumi) pb ] eand p

to

MANCH‘I;,\" I ER
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Lepton+]Jets Cross Section with b-tagging

top

v

1 22

mu It ij ets Number of b-tagged jets

+1.02 .
[on_ = 8.13_ , (stat+syst+lumi) pb }

m, = 172.5 GeV
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Lepton+]Jets Cross Section with b-tagging

Phys. Rev. D 84, 012008 (2011)

binned maximum likelihood fit
(systematics included as
nuisance parameters)

combine:

2,3, 24 jets
0, 1, 22 b-jets
eand p

3 24
¢ Number of jets

W+jets & heavy %
flavor scale

factor fH

“counting”

systematically
IimitEd: 0 01 02 03 04 05 06 07 08 09 1
- luminosity AF diseriminant

= 172.5 GeV
- JES and JER 0. Mion
_ {)-st:;girjng [ou. = 7.78_::: (stat+syst+lumi) pb ] +99%
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Lepton+]Jets Cross Section with b-tagging

3 Jots ATLAS Preliminary - Data 2011, Vs =7 TeV
| tt B QCD Multijet
O W+Jets B Other EW

3 Jets e + Jets

4 Jets =5 Jets

“'—-_—-4_, n N *_ h‘_‘-__ :

-
(o))

ikttt *.W’}ﬂ}*ﬁﬁ*“f‘mtdf"“w" v 'Pf’w"w”tl}ﬂiiﬂw#’* E

o
&y

Ratio Data/Fit

20 40 60 80 100
Likelihood Discriminant

o,=179.0 = 3.9 (stat) £ 9.0 (syst) £ 6.6 (lumi) pb +6.5%

q THE ROYA
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Dilepton Signatures

background

Z + jets ‘

/i‘”

pe

> |less statistics
* less background

-+ electron+muon event with b-tagging w
[0#@l THE ROYA
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Dilepton Cross Section

CMS Preliminary 2.3 fb" at\'s =7 TeV

e Data

/s

Ew

- non-prompt lepton

- tt signal

“\ IlIlllllllllllllllllIIIlllIll

77787771

vl bbb b beo b b e by

............. 1...............l..............l..............1...............r..............l..............1.......*........ EETTEETTPPET N PEP PP

t | 1
20 @1 (22 B0 (31 B2 (33 (=40 (=41) (=42

jets’ ijets)
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Top Pair Production Cross Section

DO Run i July 2011

lepton+jets + dileptons (pPLB) 019 +0.57
5.4 15! 7.40 %50 jo.so pb

CDF Run Il Preliminary, 9.0 fb~ = T T
Top Pair Production Cross Section at CDF

dileptons (topo + b-tagged, PLB) +0.45 +0.76 /77777 Cacciari et al., arXiv:0804.2800 (2008) = g
7277542 o83 pb : ( Assume M=172.5 GeV/c

5.4 fo! e : + (stat.) + (syst.) £ (lum.)

teptonttrack (v-eagedr 50 11§ 0 7.40 + 0.58 + 0.63 + 0.45

lepton+jets (topo + b-tagged, PRD) +0.25 +0.75
5.3 o' 7.6575% Zos7 PP

0.3 pb Dilepton

(L=81f0)

tautlepton (b-tagged)*
22"

tautjets (b-tagged, PRD)
1.0fb~"

alljets (b-tagged, PRD)
1.0

7.32 +1.34 +1.20

124106 045 Pb

6.30 "] 157072 s0.40 pb

6.9 +1.3 +14

T13 _14 04 pb

(stat) (syst) (lumi)

Lepton + jets (topolog.)
(L=d6f )

Lepton + jets (b-tagged) >
(L=43Mm ) !

All hadronic

(L=29f )

MET + >3 jets
(l=22f )

MET + 2/3 jets

(L=57m)

7.82+0.38+0.37+0.15
7.32+0.36+0.59+0.14
7.21+0.50 +1.10 + 0.42
7.99+0.55+0.76 = 0.46
711+ 0.49+0.96 £ 0.43

B M. Cacciari efal., JHEP 0809, 127 (2008) Tau + Lepton
I N. Kidonakis @nd R! Vogt, PRD 78, 074005 (2008) N
S. Moch and P. Uwer, PRD 78, 034003 (2008) 4

llllllllllll llllllllll

My, = 175 GeV
CTEQ6.6M

o(pp - tf) [pb]

MANCI—[‘I\-,\; I ER

0 2 4 6 8 10 12
G (pp — tt + X) [pb]

all channels measured except forr,_. T, .

* = preliminary
red = 2011 result
blue = 2010 results

= good agreement with SM in all channels
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Top Pair Production Cross Section

CMS Preliminary, Vs=7 TeV

ATLAS Preliminary

Data 2011

Channel & Lumi.

Single lepton  0.70 fb”' e
- —

Dilepton 0.70 fb”'

15 May 2012

Theory (approx. NNLO)
form = 172.5 GeV

—— stat. uncertainty
—— total uncertainty
G, *(stat) 2(syst) *(lumi)
179+ 4+ 9+ 7pb

173+ 6 *}{ " Jpb

All hadronic
1.02 b

Combination

167+18+78+ 6pb

177+ 3 "5+ 7pb

New measurements

00 + jEtS 1.67 b

T, + lepton  2.05fb"

200+19+42+ 7pb
186+13+20+ 7 pb
168+12 "5+ 6pb

All haqronic S

4.7 Tb l

MANCH‘I;,\" I ER

| | I
50 100 150 200 250 300 350
o, [pb}

CMS e/u+jets
TOP-11-003 (L=0.8-1.1/fb)

CMS t+jets
TOP-11-004 (L=3.9/b)

CMS dilepton (ee,up,eu)

TOP-11-005 final (L=2.3/fb)

CMS dilepton (et,ut)
arXiv:1203.6810 (L=2.2/fb)

CMS all-hadronic
TOP-11-007 (L=1.1/fb)

[ Approx. NNLO QCO, Aliev et &., Comput.Phys.Commun. 182 (2011) 1034
[ Approx. NNLO QCO, Kidonakis, Phys.
I:IE approx NNLO QCD, Ahrens et al., JHEP 1008 (2010) 087

L?OCD

Aev.D 82 (2010) 114030

164+ 3+ 12+ 7 pb

(val = stat. = syst = luml.)

156 + 12+ 33 =3 pb

(val = stat. = syst = lumi.)

162+ 2+ 5+4pb

(val. = stat. = syst = luml.)

143 +14 22 =3 pb

{val = stat. = syst = luml.)

136 + 20 = 40 = 8 pb

(val = stat.= syst = lum)

50 100

200 250 300

o(tt) (pb)

= good agreement with SM in all channels
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Top Pair Production Cross Section

CMS Preliminary

- ® CMS combined 7 TeV (1.1 fb
= CMS combined 8 TeV (2.8 fb
o CDF

o DO

-
-
—
-
—
-
.

Approx. NNLO QCD (pp)
Scale uncertainty

~ Scale ® PDF uncertainty
Approx. NNLO QCD (pp)
Scale uncertainty

P Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

llllIlllllllllllllllllllllllllllll

3 4 5 6 7 8 9
Vs (TeV)

= good agreement with SM
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Differential Cross Sections

important tests of higher order QCD calculations:
requires “unfolding” to particle level
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Differential Cross Sections

ATLAS Preliminary

N AN

h\.‘|<2.5

data
NLO (MCFM)

I NLO + NNLL

*

ATLAS
Ldt=2.05f"

—
Q

~4- Data 2011
S MC@NLO
B8 MC@NLO+(AcerMC ISR up)

1/§§ Jdm_[1/TeV]
O —
o -t o
L LILIne lIllIlI_I_I L L 111l
L IIIII

1
Jun- 0.70"'

esjets

SN \\

S MC@NLO+(AcerMC ISR down)

e .

°o =
[o 2% TN L

DataMC@NLO

1000 2000
m, [GeV]

NNLO/Data NLO/Data

— good agreement with higher order QCD calculations
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Differential Cross Sections

CMS Preliminary, 1.14 fo' at\[s=7 TeV CMS Preliminary, 1.14 fb' at\[s=7 TeV

LI I L I L I L | L I I
e/u + Jets Combined e Data
— MadGraph

>
O]
~— MC@NLO
S0 FBY — POWHEG

GLLRN AN RARRN RARRN RN LS ALY LARAE RRRRN LAY
e/u + Jets Combined e Data
— MadGraph
— MC@NLO
— POWHEG

b5 -2 -15 -1 -05 0 05 1 156 2 25 0 50 100 150 200 250 300

' Ge
yt andt p$ [T

CMS
g

"N-/

— good agreement with higher order QCD calculations
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Single Top Quark Production

direct measurement of |V |

q' q A W
( Yy ¢ t
Vud vus vub w W b
= vcd Vcs Vcb R ¢
\th Vts th ) q' b g . g t

Colllder s-channel: o A t-channel: O Wt-channel: Oy

LHC: pp (7 TeV) 4.6 pb 64.6 pb
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Single Top Quark Production

g °J)ets
; * lepton
v ¢ missing E;

b
5 * b-jets
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It has been challenging for years...

Total inelastic

Cross section (bamns)

W

l‘510 Z

tf

|0-|2

single top

6% .
Higgs (ZH + WH)
16| -

109 00— 20 140 160 180 2
Higgs mass (GeV)/¢

=— multivariate analysis techniques
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Multivariate Analyses

Boosted Decision Boosted Matrix Elements
Trees Neural Networks

-

: \
-
Uieém 0

D@ Single Top 2.3 fb"

Data ¢ W+jets I
th+tqgb HE tt .
Houncertainy ¥ Multijets Il

on background

Event Yield

S[gnal Region

b8 o085 09 095

0.4 0.6 0.8 1
Discriminant Output
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Boosted Decision
Trees

15
5

3 F/\P
\ \

BE

W Heem oo

single top

Multivariate Analyses

Neural Networks Matrix Elements Likelihood

S W P = =g L
_ i Z'n lf"‘"'
d
e | b Mo
JOUT i dik
d b Li({xi}) = n 1"1..“ :
Zrn—l n.—l Pik

s _+jets selection :
recover badly reconstructed e, y; include 1

02 04 08

CDF Run Il Preliminary, L = 3.2 fb’
B single Top
B W+HF
B

QCD+Mistag

08 1 - - 0 05 1

Super Discriminant MJ Discriminant
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Single Top Quark Observation

DG 2.3 fb™

Ranked
Combination
Output > 0.92

Candidate Events
Normalized to Prediction

200 300 400
M, [GeV/c]]

W+

100 300
Top Quark Mass [GeV]

Single Top Signal Significance
Cross Section Expected Observed

DG 23" arxv0903.0850 m,, =170 GeV
3.94 + 0.88 pb

b
1.0710.12]

0.91¢0.13]

= observation with 5.00!
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Single Top Quark Observation

[l THE ROYA
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Tevatron Single Top Cross Section

D@ e/p+jets 2.3 fb!
D@ T+jets 4.8 fb!

CDF e/ptjets 3.2 fb! @
CDF MET+jets 2.3 fb"!

Tevatron Combination
D@ e/p+jets 5.4 fb!

' Kidonakis PRD 74, | 14012 (2006)

I I T
0 2 4 6 8

Otb+tqb [Pb]

['thl = 0.8810.07] +8%

= good agreement with SM in all channels
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Single Top t-channel Production

- remove s/t channel constraint which
could be changed by new physics
- train multivariate analysis
for t-channel q'
- measure s- and
t-channel
simultaneously

04]

DG 5.4fb"

e Data

" t-channel

" s-channel
W+jets

it

2 Multijets

Yield [Events/0
a 3 g
© © o

O 02 04 06 08 1
Ranked t-channel discriminant
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Single Top t-channel Production

- remove s/t channel constraint which
could be changed by new physics
- train multivariate analysis
for t-channel q'
- measure s- and
t-channel
simultaneously

a) DO 5.41fb"
e Data
“t-channel

~s-channel
W+jets

=
= Multijet G, =2.26+0.12 pb
NNNLO = 172.5 GeV

DO 5.4fb"

Yield [Events/0.04]
N
' o

04]

Yield [Events/0
o o o
© © O
© © o

approx ? mtop

‘ o(t-channel)=2.90+0.59 pb ‘
0 02 04 06 0.8 1 - -
Ranked t-channel discriminant observation with 5.5¢

0@l THE ROYA
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Single Top t-channel Production

- remove s/t channel constraint which
could be changed by new physics
- train multivariate analysis
for t-channel q
- measure s- and
t-channel
simultaneously

A DL L B B
I:_ATLAS Preliminary I Ldt=471f" 1s=7 TeV -
3000¢=* 2 jets tagged ® data -
- I t-channel (top) -
L I s-channel (top)
I ttbar, Wt
B W-+heavy flavour
[0 W-light jets
I Z+jets, diboson -
. multiet -

wn
Q
o
~
2]
—
c
()
>
L
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Single Top t-channel Production

- remove s/t channel constraint which check light quark flavor content
could be changed by new physics of proton:
- train multivariate analysis
for t-channel u  ATLAS Preliminary | Ldt-471" e-7TeV
- measure s- and ATLAS result '
tjchannel ABKMOS
simultaneously NNPDF 2.1

MSTW2008

GJRO08

CT10 (+ DO W asym.)
CT10

LATLAS Preliminary | Ldt=4.7fb" 1s=7 TeV -
3000 I* 2 jets tagged o caa - 12 1.3 1.4 15 1.6 1.7 1.8 1.9 2 21 22
- I t-channel (top) -
u I s-channel (top) - Rt
B ttbar, Wt -
B W-+heavy flavour
[ Walight jets

= ' o(t) =53.2+ 10.8 pb

(7)) = 29.5i;:‘5‘ pb

_ 0.23
= 1.81402

7o)
Q
o
~
%)
et
c
)
>
L
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Single Top t-channel Production

- remove s/t channel constraint which
could be changed by new physics
- train multivariate analysis
for t-channel d
- measure s- and
t-channel
simultaneously

AL DL B B L B
LATLAS Preliminary | Ldt=4.7fb" 1s=7 TeV -
3000¢=* 2 jets tagged ® data -
- I t-channel (top) -
I s-channel (top)
B ttbar, Wt

B W-+heavy flavour

[ Walight jets
I Z+jets, diboson -
. multijet .

7o)
Q
o
~
%)
et
c
)
>
L

check light quark flavor content

of proton:

ATLAS Preliminary f Ldt= 4 7 fo! F =7 TeV
ATLAS result

ABKMO09

NNPDF 2.1
MSTW2008

GJRO08

CT10 (+ DO W asym.)
CT10

LELELELE BLELELELE BLEL I | AN AN A B L R LA | I

12 13 14 15 16 1.7 18 1.9 2 2.1 22

o(t) =53.2 £ 10.8pb

o(1) =29, 5+ pb

_ 0.23
= 1.81402
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Single Top t-channel Production

t-channel single top quark production

®  CMS preliminary, 1.14/1.51 fo’
Y DO,54fb"

A CDF, 3.2 fb”

NLO QCD (5 flavour scheme)

theory uncertainty (scale ® PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042

NLO+NNLL QCD
theory uncertainty (scale ® PDF)

Kidonakis, Phys.Rev.D 83 (2011) 091503
l L 1 1 l L ' 1 l

4 6 8 10
\'s [TeV]

= good agreement with SM

MANCHESTER. Top Quark Physics - Christian Schwanenberger - HCPSS 2012, Fermilab 78 2 hsiiea



Single Top s- vs. t-channel

Wa+Jets, NN Discriminant CDF Il Preliminary 7.5 fb”
® CDF Data
SM prediction: B 68.3% CL
4+ arXiv:0909.0037vl ' 95.5% CL
99.7% CL

Il SM(NNNLO)

=
Z
c
ke,
s
o
)
”
0
O
O
[7]
=
)
 —
@
-

4 l 2 " " " l & ' " L l n 2 L "

"2 3 4 5
s-channel Cross Section [pb] ¢

good agreement with Standard Model
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Single Top Wt-channel Production

-¢-Data )
- ATLAS VZZ3JES uncertainty |
- j Ldt=2.05f"

\s=7TeV E%gee)/pp)ﬂ'ets
. . 11)+jets
Dilepton 1 jet @ Fake dileptons |

Events / 0.03

-1 08 06 -04 02 0 02 04
BDT output

@ ‘ ow = 16.8 £ 2.9 (stat) = 4.9 (syst) pb‘
evidence with 3.30 SM: owt=15.7 pb
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Single Top Production at the LHC

IlllllllllllIIlIlllllllllllllllllllllllllllll

ATLAS Preliminary \s=7 TeV

t-channel 1.04 fb' —e—83"22 pb
arXiv:1205.3130

t-channel top 4.7 fo’' —e— 53*1} pb
ATLAS-CONF-2012-056

t-channel antitop 4.7 fb' —&— 30*; pb
ATLAS-CONF-2012-056

Wt-channel 2.05 fo' —#- 17*; pb
arXiv:1205.5764

s-channel 0.70 fo' =4 < 26 pb
ATLAS-CONF-2011-118

Theory (approx. NNLO)
llllllllllllIllllllllllllllllllllllllllllllll

0 20 40 60 80 100 120
single top cross section [pb]

precision Vierm =

t-channel 1.04 fb-'  1.13 +0.14 .. (exp. + theo.) 12%
Wt 2.05 fb-!  1.03 +016_; ., (exp. + theo.) 17%

good agreement with Standard Model
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