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Single top quark production

tq - cross sections

7 TeV  PRD 90, 112006 (2014)

8 TeV Paper in preparation

13 TeV arxiv: 1609.03920

W1t - cross sections

7 TeV ATLAS-CONF-2011-104
8 TeV JHEP01(2016)064
13 TeV ATLAS-CONF-2016-065
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tq - properties

See talk from
Javier Jimenez Pena tomorrow

tb - cross sections

7 TeV  ATLAS-CONF-2011-118
8 TeV PLB (2016), 228-246
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Interesting measurements

The cross-section ratio top-

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

t — channel (tq)
q q'

Test of MC generators using

unfolded distributions

Indirect measurement of
the top-quark mass

Test of the | robs . :
jobs|  _ | v Looking for signs of new
b-quark PDF Vi = v ] :
* ortheo pyhsics
q t
Y W
W
b e
' e
s — channel (tb)
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Background processes

Event signature
 One top quark, decaying leptonically plus one addiontal
« light jet (t-channel), or b-quark jet (s-channel), or W boson (Wt)

W/Z + jets WW/WZ/Z7Z
*Lepton selection (electron / muon):

* Exactly one / two isolated lepton

* Jets
* Anti-k, algorithm R=0.4,
* One or two central ones

t * t-channel:
t including forward jets [n| < 4.5
* One or two b-tags
8 t

* Missing transverse momentum
* No additional lepton
— reduction of tt events

Multijet production
(“fake” leptons)
Multijet veto

tt pair production
Dilepton veto (t- & s-channel)
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s-channel single top quark productlon

Run: 206962
Event: 66606799
2012-07-14 11:35:35 CEST

o
muon

pt=64Gev S

missing, Bt
224GeV

” .
S =BTl i,ez02mt
< /Phys. Lett. B 756 (2016) 228-246\
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Event yield / analysis

strategy

Process

Pre-fit

Single-top s-channel
Single-top t-channel
Assoc. W production
tt production
Wjets

Z+jets & diboson
Multi-jet

S/B=5.4%

610
1230
370
8200
2600
290
600

# b-tags

Total expectation

> T Tt L T T T T T
8 ” ATLAS e Data ]
= - VYs=8TeV,20.31b" I s-channel B
:é 3000: Signal region - \t{v‘:han"m 1
o C .t _
i L W+jets light flavour n
20001 74 I W+jets heavy tlavour —
Z+jets, diboson 1
BN Multi-jet ]
Sim. + norm. uncertainty |
O ———— | |
°  14F " E
a 1.28
[ 08¢ . ) ) ) . ) ) s E
40 60 80 100 120 140 160 180 200 220
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Analysis strategy:

# jets
1 2 3 4
0
1 CR
: sk | [NRN
o
i{ S
signal-
region
‘r@} 0.7 4--- ':g :5 Il:_j L
2 s i
g | control- |
{  region
3 ;
g 4
>
=

=




Matrix element method

q t
>T<
§ b

Integration over part of the Parton distribution
phase space @, functions

(ol s i) =— [dpydppdp: . M L Yy (e,

comb | q H CJ” |

4 1 N
Input: lepton and Leading order Probablhty Qf
jet-vectors matrix elements measuring a jet
energy E; if E was
t
A \_ produced. Y.
‘missing Er
- a
charged lepton
8
8
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s-channel single top quark production +<

Combining all processes together to
one discriminate:

4000%" ff’;iev, 203 1" é E?E:::;' p ( g | X) _ Zi as eP(X |S i )
i s, PXIS i) + 2. apP(X|B))

Events

Wjets region Wt
.

W-jets light flavour
I W+jets heavy flavour
2000 Z+jets, diboson
I Multi-jet

Sim. + norm. uncertainty

JI\IlII\IIIII\lIII\l

0
°  15F ' ' = » 1500 \ T 1 |
[ E c ATLAS e Data -
% 10fe o & 8 8 8 8 8 [ o o %9 Voo v v v/ Pk g P [ s-channel |
8 ost . ‘ . ‘ E w \s=8TeV, 203 I t-channel |
00002  0.0018  0.058 0.102 0.187 1 Signal region | yﬁ |
1000 I We+jets —
[ Z+jets, diboson _
I Multi-jet
) T T T 77777 Post-fit uncertainty |
S I ATLAS ® Data ]
> o _ - I s-ch 1 T
i | ts=8TeV, 2031 ! — Pl ]
1000/ ttregion 0 _|
L -t |
. _ Wajets light flavour
[ I Wijets heavy flavour T
B Z+jets, diboson T
- B Multi-jet b
500— Sim. + norm. uncertainty —
’ ] 0
] B 1L [ o4 ' E
a E . , ; .
- . . : % 1-0WW*W%WWW%W%
o 12p 4 o, Iy E T E +
g 1_024.,.,).A___,.A‘-..1_,.?_f4‘1»-#.;,.!4“1_1,*.t-*.lrf 8 0.9 ‘ . | | ;
a 08f . . . . E 0.0002 0.0018 0.058 0.102 0.187 1
0.0002 0.0018 0.058 0.102 0.187 1
P(SIX) P(S|X)
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s-channel single top quark production +<

o 150
c
[}
>
LLl
100
50

-50
0.0002

T I
e Data - background

l:l s-channel

_ % Post-fit bkg. uncertainty

| {
ATLAS

1s=8TeV,20.3fb’
Signal region

fo

N ™~

N
SR

N
N
o~
ﬁ.ﬁQ~‘|||||1ll

0.0018  0.058

0.102 0.187 1
P(SIX)

R
ATLAS
\s =8 TeV, 20.3 fb’

Expected significance = 3.9 ¢
Observed significance = 3.2 ¢

—— Null hypothesis
—— Signal hypothesis
------ Expected q,
—— Observed q,

TOP2016 - Olomouc
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Signal extraction:
Profile maximum likelihood fit

Type

+Ao /o [%)]

Data statistics

16

MC statistics

Jet energy resolution
t-channel generator choice
b-tagging

s-channel generator scale
W+jets normalization
Luminosity

t-channel normalization
Jet energy scale

PDF

Lepton identification
Electron energy scale

il generator choice
Lepton trigger

Charm tagging

Other

A

12
12
11

oo

== === R WOt Ot Ot Oy ]

Total

o
=

Measured cross section:

o(th) = 4.8 &+ 0.8 (stat)1$ 5 (syst) pb

SM: 0 =5.24+0.2pb
Significance: 3.2 o

e



Wt production

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST

b-l

\/§ =13 T@V I'int= "\\
ATLAS-CONF-2016-0¢

SM: a(Wt) = 71.7 +3:9pt
Calculated @
poLa
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Event selection / Analysis strategy

g W
>b_<
b t

Di-lepton channel

Analysis strategy:

# jets
& - [ Brafimin] | ]
%12000: ATLAS Preliminary ¢ Data2015 1
Lﬁ10000'_ is=13 TeV, 3.2 fb_1 =:_?|l't - ! 2 > !
i Z+jets o
8000 OJtrlfiers i % 0 VR V R
[ <z Total syst. ] N
0 1
=

In order to separate Wt and tt BDTs
are used in the two signal regions

o0 ".

&0 o

Data/Pred.

1j1b: S/B = 25%
2j1b: S/B = 10%

TOP2016 - Olomouc 19.09.2016
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Boosted decision tree N

1j1b
Variable S [1072] 2,] 1b
pt (01l Emiss gy) 5.3 Variable S [10_2]
Apr (6102, ER=jy) 2.9 P (010,) 1.7
Z ET miss 27 AR(€1£23 E’%[I‘lissjlj2) 1.7
ApT (6162,_ET ) 1.2 A ..
pSrI)‘fS (glErrf‘nssjl) 0.9 R(EIEQ:jIJZ) 1.5
' m(l17 1.4
Clhtz) 0.9 A( 1(362)6 Emisy U
APT (gl,E’:r%uss) 0.8 PTt1 2" T )
Apr (€1, 1) 1.4
> 1000 r e e > L BN L NN ELRL ILRLIL RN pT(f;) . 1.3
@ [ ATLAS Preliminar + Data2015 ] @ ATLAS Preliminar + Data 2015 ] sys miss ;
g 800} \E=13TeV,3.2fb'): =:’t‘” . g:izz_ fs=13TeV, 3.2be =X‘” 1 Z(g%‘g )(‘fl)g?ET -71) ig
"g L itb Z+jets | g P e Z+ijets _ 1,J1 .
L Jromes | l & 5% e ] | PT(2) 0.9
400f ] 1 o(p sys)(f ng%“ssjljg) 0.9
" m(£271j2) 0.3
S qaprT < m(ggjl) 0.3
£ 120 //L///;z g m({2j2) 0.1
Y 2R00 .///%/// ///Y Y g _
o 0.8g a

0 10 20 30 40 50 60 70 80 90 100
p_r (1 LETSS 1)) [GeV]
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Wt-channel single top quark production )<<

Signal extraction:
Profile maximum likelihood fit

Source Aoy, /ow[%]
Luminosity 24
Lepton efficiency, energy scale and resolution 1.3
AITI'.ASF‘IreIimina:'y I I I I ' +5Vetlia'2015 § E—LIZHSS SOft terms 39
rsTel sz £ | Jet energy scale 23
“ I Jet energy resolution 8.9
b-tagging 4.2
NLO matrix element generator 16
Parton shower and hadronisation 20
Initial-/final-state radiation 6.8
T S e Diagram removal/subtraction 4.8
' BOT (1j1b) response BOT (2j1b) response 2j2b yield Parton distribution function 2.1
Non-1t background normalisation 4.0
Total systematic uncertainty 29
Data statistics 10
Total uncertainty 30
Measured cross section: 0‘3@(
o(Wt) = 94 + 10 (stat)28,(syst) pb \S\OQ
N\
SM: 0 =71.1 i 3.9 pb 623 (J\’b
Significance: 4.5 ¢ QO © &
S
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t-channel single top quark production

| s h o W
4 \/._\ & ':,: =

’\7 1\3TeV L =32 fpe *

int

arxiv:1609. 039‘20" Y

Q
.

O'(tq) =136.0 + 5.4 pn
o) — L
o(tq) = 81.0+4.1pb
Calculated @ NLO
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Event yield

q q'
w
o t
g b

Analysis strategy:

Process {* channel {~ channel
tq 4200+ 170 8+ 3 # jets
tq 5+ 2 2710+ 140 B 2 3
+ - + -
tr [3100+ 790 13100+ 790 o 0
H_-’r ) 1640+ 110 1640+ |1 :10 ;_,IU Iogse VR | VR
th+th 208+ 25 199+ I8 o] X
W™ +jets <1 8730+ 1800 2
Z,VV+jets 1530+ 320 1410+ 300 Separated into + and — lepton charge!
Multijets 2400+ 1200 2400+ 1200
Total expected 33600+2600 30200 +2300 o P atevan =5
ol V8= e
Data observed 34459 31056 S I+ SR o Data
? B et
c mZ VVijets
[O)] m Multijet
Lﬁ 77/, Post-fit unc.

+ channel: S/B = 14%
- channel: S/B = 10%

N
o
o
(=)

Data

— Use neural network to:
* Improve S/B
e Averaging out systematic shape effects

TOP2016 - Olomouc

19.09.2016 Dominic Hirschbiihl



Neural network T

i Transmissionsfunktion : : ‘ .
Variable Bias  Gewichte S [ ATLAS Simulation (s=13TeV]
2 i W
c - A
L % [ _EV++jets
m (_]b) 5 0.2¢ — Multijet -
(CE) = - Hiizp=a==raiE
. utput, © 0.1 — _
()] = Target 8 A EE‘; ]
m(Cb) — (z) = 4]
n(€v) - 0 02 04 06 08 ] 1
AR(Lvb, J) S(w) NN
cos 9 ({, j) / a’é g [ ATLAS Simulation Vs =13 TeV
Gewichte ~ 03k’ SR :;g ]
Apr(Evb, ) - = g —

] h a F W Hets |

AR({, J') v = 0.2F — Multijet -
Input Hidden Layer < J— — ]

Choice of the variables: s OT ﬁ ;
L - 1 -

* Good data/MC agreement = | | | :

* Good separation power 0 02 04 06 08

. « . NN

* 50% signal / 50% background
* Only top and W+jets samples used
Validation of the networks

e Overtraining test, Application in validation regions

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbiihl Bergische Universitat Wuppertal >{=. 16



Inclusive cross section o

— Soe) o Bola) o Signal extraction:
olt) oltq) Maximum likelihood fit
Data statistics +29 +4.1 . . .
Monte Carlo statistics £28 £42 Systematics evaluated using pseudo experiments

Reconstruction efficiency and calibration uncertainties

Muon uncertainties +038 +09 -— — T T LA
Electron uncertainties <05 +0.5 o 10000F ‘t_"_TLAS Is=13 TeV, 3.2 fb™ ]
JES +34 +41 ~ L 7SR ¢ Data
Jet energy resolution +39 +3.1 -E = ?i % th
ET"™ modelling +09 +1.2 (5] W +ets
I b-tagging efficiency +7.0 +69 U:J' " [0 Z.VV+ets
c-tagging efficiency < 0.5 +0.5 : i ! yggﬁ: nC
Light-jet tagging efficiency <05 <05 reiee.crs R )
Pile-up reweighting +1.5 +22
Monte Carlo generators & [ S e
I tg parton shower generator +13.0 +14.3
tg NLO matching +2.1 +0.7
tg radiation +37 +34
if, Wi, th + ib parton shower generator +132 +44
tf, Wt, th + tb NLO matching +4.4 + 8.6
tf, Wi, th + ib radiation < 0.5 + 1.1
PDF + 0.6 +0.9

Background normalisation

Multijet normalisation +03 +2.0 -

Other background normalisation +04 +05 Measured Cross SeCtlon:

Luminosity 2 .21 | a(tq) = 156 + 5(stat) + 27(syst) + 3 (lumi) pb
Total systematic uncertainty +17.5 +20.0 O'(Eq) = 91 i 4(Stat) i 18(Syst) i 2 (luml) pb

Total uncertainty +17.8 + 204

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbiihl Bergische Universitat Wuppertal



Cross section ratio -

The charge of the top quark is connected to the type

of the incoming light-flavour quark

— top-quark/top-antiquark production is sensitive to
d/u-quark ratio : R,=o(t) / o(t)

Ll Ll L] LI I LI L] I Ll Ll Ll L] I Ll LI LI LI I L] L] Ll Ll I Ll Ll L Ll I LI LI L] L] I Ll Ll Ll Ll
ATLAS (s=13 TeV, 3.2 b
\ ! Ratlo of up/down quark distributions at Q = 100 GeV
Measurement result I * - o - R
; = 1.08F ]
stat. @ syst. stat. = R B
: o 1.06¢ i
ABM (5 flav.) P e = joaf %
[] o = 3
ATLAS epWZ12 ——i 3 102 -
: 1 5
CT14 —e—4 kel EERAerT E
' + 0.98fF 3
HERAPDF 2.0 e T o6 3
JR14 (VF) Fed : 0.94F |#%cmo /d 3
. 8 S50 NNPDF2.3 :
MMHT2014 od 0.92F- |4+ asun u ?
E 0.9_ 1 [ B S | 1 (SR P W B S T | 11 g
NNPDF 3.0 —— 10° 102 107
Il Il 1l 1] I 1] 1 1 1 I b Il Il L I 1l 1 a1 1 I Il 1 Il 1 I I; 1l 1l Il I Il 1 1 'l I b b Il Il x
1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2

Measured ratio:
R, = 1.72 + 0.09 (stat) + 0.18 (syst)
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t-channel single top quark production

= ':' _;' :';_'_ :' bt

§=8TeV L, =20.2fb?

~ Paper in preparation

o(tq) = 54.9+23pb

Number: 179739, Event Number: 10617167
Date: 2011-04-16 01:19:41 CEST

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbiihl Bergische Universitat Wuppertal




Event yield / analysis strategy

q q'
w
o t
8 b

Process £t SR {~ SR

tq 11400+ 470 17 + 1
iq 10 + 1 6290+ 350
tt, Wt, tb/tb 18400+1100 180001100
W™ +jets 18700 + 3700 47+ 10
W~ +jets 25+ 5 14000+2800
Z,VV +jets 1200+ 260 1190+ 240
Multijets 4520+ 710 4520+ 660
Total expected 54300+4000 44100+ 3100
Data 55800 44 687

+ channel: S/B = 26%
- channel: S/B = 17%

Measurement is done in a fiducial phase
space close to the experimental one

TOP2016 - Olomouc

19.09.2016

# b-tags

Analysis strategy:

# jets

2 3
+ - + -

loose VR | VR

1
2

Separated into + and — lepton charge!

N¢ia




Multivariate Analyses :E

Transmissionsfunktion

Variable symbol | Bias G?L*:;:?hte s(z) 10 i AiI_TLASIPreIiminaryl 528 TeV, 202" |
m(jb) ) =,
7()| 5, | s
m(Cvb) Quput @i 19900 e
m (CEISS) Uz

|An(€v, b)|

m(£b)

cos 6% (¢, j)

Data

Choice of the variables: § [ ATLAS Preliminary e 202f7 1
* Good data/MC agreement 2 00l | e
* Intensive study to reduce number of input 3 - =2
variables, while keeping sensitivity - ool " Uncanainty

Typical training parameters
* 50% signal / 50% background

Validation of the networks
* Overtraining test, . . . .
Application in validation regions 002 04 06 08 f
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Source Aciia(tq) / ohaltq)  Achaliq) / oha(tq)
el (el 0 G000 ATLAS Peimimy | 15o8 Tev, 202 0
Data statistics +1.7 +2.5 = [ ¥ SR + Data '
Monte Carlo statistics +1.0 +14 E ’ =§?,Wt,tb
— = 4000} mWets
Background normalisation <0.5 <0.5 5 Eﬁh‘ft‘gge‘s
Background modelling + 1.0 + 1.6 77, Postit unc.
Lepton reconstruction +2.1 +2.5
Jetreconstruction _ _ _ _ _ _ _ 12 __ ___ __ _ 15 _
JES T 31 £36
Flayour tagging +1.5 + 1.8 ©
EF™ modelling + 1.1 + 1.6 g
b/ b efficiency +0.9 +09
'PDF +1.3 ZEEN
:tq (rq) NLO matching + 0.5 <05
itq (q) parton shower + 1.1 +0.8 !
(1q (Tq) scale variations ____ _ _ £20 _______3 17
tf NLO matching +2.1 +4.3 Several uncertainties are reduced for
(1 parton shower £0.8 £2.5 the fiducial cross-section w.r.t the
tt scale variations < 0.5 < 0.5 i
Luminosity + 19 £ 19 total cross-section
Total systematic +5.6 +73
Total (stat. + syst.) +35.8 + 7.8
Total uncertainty:
tq : 5.8% !
tq :7.8%

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbiihl ' Bergische Universitat Wuppertal 572, 22



Comparisons with different MC generators

ATLAS Preliminary Vs=8 TeV, 20.2 fb™ ATLAS Preliminary Vs=8 TeV, 20.2 fb’'
Measurement result —H— Measurement result =
[ stat. @ syst. unc. stat. unc. [ stat. @ syst. unc. stat. unc.

Predicted fiducial cross-section with CT10: Predicted fiducial cross-section with CT10:

scale @ PDF unc. [ PDF unc. scale @ PDF unc. [ PDF unc.

POWHEG-BOX+PYTHIAG e E POWHEG-BOX+PYTHIAG [ i
‘If POWHEG-Box+HERWIG e ‘Lf POWHEG-BOx+HERWIG —
™ MG5_aMC@NLO+HeRWIG - i " MG5_aMC@NLO+HerwIG —— 5

MG5_ aMC@NLO+HERWIG++ - ! MG5_ aMC@NLO+HERWIG++ — !
;) POWHEG-BOX+PYTHIAB c-:i %) POWHEG-BOX+PYTHIAG o E
POWHEG-BOX+PYTHIA8 ! POWHEG-BOX+PYTHIA8 — !
2IMG5 aMC@NLO+HERWIG++ " E MG5 aMC@NLO+HERWIG++ r— I

1
IIIllIIIIIIIIIIIIlIIII

3 4 5 6 7
Oyq (10) [pD]

e 5FS gives in general slighty higher predictions

Predictions calculated using:

Oria = Afid * Ototal * scale uncertainty on 4FS calculations is larger than
on 5FS ones

Ototal: taken from MC generators
* Herwig++ has too soft jets - lower acceptance

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbiihl



Extrapolated cross section T

ATLAS Preliminary \s=8 TeV, 20.2 fb”! ATLAS Preliminary Vs=8 TeV, 20.2 fp’!
Total cross-section: —e— Data Total cross-section: —e— Data
PowHEG-Box+PYTHIAG —— NLO neps 205 zoto) 10 PowHEG-Box+PYTHIAB ——i — NLO neps 205 2010) 10
CPC 191 (2015) 74 CPC 191 (2015) 74
2l PowHEG-Box+HERWIG —i I scale unc. %] PowHEG-Box-HERWIG | [ scale unc.
I scale @ PDF @ «, unc. L 7] scale ® PDF @ «, unc.
= MG5_aMC@NLO+HerwiG —ri = MG5_aMC@NLO+HerwiG —e—i
MG5_aMC@NLO+HERWIG++ —e— —— NLONNLL MG5_aMC@NLO+HERWIG+ ——— —— MO
le unc.
POWHEG-BoxX+PYTHIAG — I scale une POWHEG-Box+PYTHIAG -— I scale urc.
(%) scale @ PDF @ «, unc. (7)) scale @ PDF @ a, unc.
8 POWHEG-BOX+PYTHIA8 I8 POWHEG-BOX+PYTHIA8 ——{
w0 ____NNLO 0 ____NNLO
MG5_aMC@NLO+HERWIG++ —— PLB 736 (2014) 58 MG5_aMC@NLO+HERWIG++ —— PLB 736 (2014) 58
m B scale unc. e I scale unc.
] [ scale ® PDF & « unc. i [ scale ® PDF @ « unc.
| T FTE T PR FER R FAR T AU R Tl | | M EP AT A A S BE A AT AN A AR A |
0 55 60 65 70 75 80 5 30 35 4 4 _
Oy (tQ) [PD] Oy (t9) [PD]

Measured cross section extrapolated to full phase space is calculated with:

1
— meas
Otot = Aot Ofid
fid
Taking into account in a correlated way theory uncertainties on Agiq

Measured extrapolated cross section using Powheg+Pythiab:
0ot (tq) = 56.7 + 0.9(stat) + 2.7(exp) + 3.0(theo) + 1.1 (lumi) pb

1.6% 4.8% 5.3% 1.9%
0ot (tq) = 32.8 + 0.8(stat) + 2.2(exp) * 1.7(theo) + 0.6 (lumi) pb
2.4% 6.7% 5.2% 1.9%

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbithl - Bergische Universitiat Wuppertal



Cross section ratio -

rrrr|yrrrr|rrrr[rrrr et
Source AR: /R, [%] ATLAS Preliminary Vs=8 TeV, 20.2 fb"'
Data StatiStiCS + 3.0 Measurement result — ! —
Monte Carlo statistics + 1.8 [Mstat. © syst. stat.
Predictions calculated in 5FS: '
Background modelling + 0.7 scale ® PDF + o, unc. :
Jet reconstruction + 0.5 ABM (5 flav.) : -
- ATLAS epWZ12 : .
Efrmi"’ modelling + 0.6 °P
tq (tg) NLO matching —0.5/+0.9 cria 5 -
tt NLO matching +2.3 HERAPDF 2.0 .
tt parton shower + 1.7 JR14 (VF) . |
PDF + 0.7 MMHT2014 : -‘
NNPDF 3.0 : .
Total systematic + 3.8 AP PRI B B MR B AR B B
Total (stat. + syst.) + 4.9 1.4 1.5 1.6 1.7 1.8 1.9 2 R
t

Using the extrapolated cross section:
R, = 1.73 £+ 0.05 (stat) £+ 0.07 (syst)

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbiihl %;%{Z Bergische Universitdt Wuppertal 7. 25



6000 ATLASI PreliminaryI

'8 A ATL:AS‘Prt‘aIirr:ine;ry o \ls=tl3 T(-;V, ‘20.'2 ﬂ;” Chose n bl nn | ng
8 [ ! SR 80} !* SR (0,>0.8) ¢ Data ] .
5 - o * Resolution
€ 4000 — icti

“+jets
E W e Statistics

Il Multijet -1
A% Post-fitunc. ]

* Migration matrix

* Structurein
measured
distributions

E---‘----O--------o--------0-----------'----------------*----------é
) 700 200 300
p,(ivb) [GeV]

number of
respond matrix observed events

| \
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Particle level inte ragluminosit correct for events number of
J Y that pass reco. but not fid. background events
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Differential cross sections

—

ATLAS Preliminary
tq particle-level
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% 1 ATLAS Preliminary 's=8 TeV, 20.2 b 3 2 [ ATLAS Preliminary /[s=8 TeV, 202 fb" ]
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* Use different NN - without |n(j)|
* Predictions are harder than the data

e Similar behaviour found also in absolute XS
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- ATLAS Preliminary
t-channel single top-quark production
~ September 2016

CT10nlo, MSTW2008n

$ 4.59 b ' PRD 90 112006 (2014)
* 20.2 fb_1 paper in preparation
B 3.2 b arivi600.03920

— NLO NPPS205(2010) 10, CPC191(2015) 74
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September 2016 |
~ t-channel single-top-quark production A

- CT14 Phys. Rev. D 93 (2016) 033008

=== NNPDF 3.0 JHEP 1504 (2015) 040
- MMHT2014 Eur. Phys. J. €75 (2015) 204 —
NLO NPPS205(2010) 10, CPC191(2015)74

M= 1725 GeV, = p=m,

& 4.59 b PR 90 112006 2014)
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- t-channel single-top-quark production A

\ \
September 2016

= ABM (5 flav) Phys. Rev. D 86 (2012) 054009

=== HERAPDF 2.0 JHEF 1001 (2010) 109

= JR14 (VF) Phys. Rev. D 89 (2014) 074049, —
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Determination of |V, |

Cross section is proportional to |V |?

* In the Standard Model with 3 quark generatior

one expects |Vy,| ~ 1 (unitarity):

o obs

. obs _
| 1;’{ h o G.thecn

Assumptions for the extraction:
* Independence of 3 quark generations
e Left-handed weak interaction
e Top quark decays only into b quarks:
(IVeals [Ves| < Vi)
Can be done with all three single top processes

Highest precision for t-channel:
~ 4%
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ATLAS+CMS Preliminary LHCtOpWG

[f Vel = v:;_::: from single top quark production

Oipae. MLO+NNLL MSTW2008nnio
' FRDE3 (2011) 001503, PRDE2 (2010) D54018,
PRDE1 (2010) 054028

Agy: scale & PDF

September 2016

———
total theo

My = 172.5 GeV [, V| + (meas) + (theo)
t-channel:
ATLAS 7 TeV’ ] 102 +0.06 +0.02
PRD 90 (2014) 112006 (459 ")
ATLAS 8 TeV H=H 1.03£0.04 £0.02
Paper in preparation (202 fo')
CMS 7 TeV ] 1.020 +0.046 + 0.017
JHEP 12 (2012) 035 (117 -156 ")
CMS 8 TeV HeH 0.979 +0.045 = D.016
JHEF 08 (2014) 030 (19.7 ") H
CMS combined 7+8 TeV HeH 0.998 +0.038 + 0.016
JHEP 06 (2014) 090
CMS 13 TeV ) —ie—] 103 +0.07 £0.02
paper in preparation (2.3 )
ATLAS 13 TeV H—t—— 107 +0.09 +0.02
arXiv:1609.03920 (3.2/%")
Wit:
ATLAS 7 TeV , f———t— 103*21%+003
PLE 716 (2012) 142159 (2.05fb7 ) i
CMS 7 TeV —] 101+018 +003
PRL 110 (2013) 022003 (49 ") H 013 -0
ATLAS BTeV" — 1.01+0.10+0.03
JHEP 01 (2016) 064 (20.3 /")
CMS 8 TeV' —t——— 1032012004
PRL 112 (2014) 231802 (12.2%") :
LHC combined 8 TeV™ —H—— 1.02 +0.08 +0.04
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019
ATLAS 13 TeV I ; | 1141024 +004
ATLAS-CONF-2016-065 (3.2fb")
s-channel:
ATLAS 8 TeV* [ et 093218+ 0.04
PLB 756 (2016) 228 (20.3fb") ’
! including top-quark mass uncertainty
2 including beam energy uncertainty
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Summary

Have shown first results with the 2015 dataset @ 13 TeV for t-channel and Wt
—> Nno surprises, main systematic: generator modelling

Comprehensive measurement in the t-channel @ 8 TeV
Fiducial cross section
Cross section extrapolated to the full phase space S
Cross section ratio
Differential cross sections for top pr, top rapidity,
and the first time also for the forward light jet
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L ’ 0] 2
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' > 10 =
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F o r B
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o 9 1 H"'"."i"'."."‘""""'"‘"‘"'"'"."'""""l"r ; B t-channel 20.3 fb! paper in preparation B
Qo 0.8t I 1 1 n o) B I t-channel 3.2 fb™" arxiv-1609.03920 7
—1 -0.5 0 0.5 1 c 1 B Wt 2.05 fb' pLa 716 (2012) 142
*iy ! 7 = T Wt 20.3 fb " urER01 (2016) 064 =
cosH (l’J) - } Wit 3.2 fb! aTLAS-CONF-2016-085 7
— C ¥ s-channel 95% CL limit 0.7 fb™" atLas conF2011-118 ]
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Evidence for s-channel production @ 8 TeV 6 7 8 9 10 11 12 13

Explored matrix element technique \s [TeV]

TOP2016 - Olomouc 19.09.2016 Dominic Hirschbithl Bergische Universitat Wuppertal



