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Single top quark production

t — channel (tq

tq - cross sections

'
7TeV 63.9+2.9pb q q
8TeV 84.7+ 3.8 pb W : m,=172.5 GeV
13TeV 217+ 9 pb b
8 b
7TeV 8TeV 13 TeV
tW - cross sections 3 e scovet | ' tb - cross sections
7TeV 15.7+1.1 pb 2 200}:%':‘““" - 7TeV 4.3+0.2 pb
o | — s-channel 1 1 §
8TeV 22.4=+1.5pb 2 | 8TeV 52+0.2pb
5 100} :
13TeV 71.7+ 3.8 pb o | 13TevV 10.3£0.4pb
Phys.Rev.D82 (2010) 054018,2010 <
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Single top quark production

t — channel (tq

tq - cross sections

'
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5 b
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t-channel @ 8 TeV

V.

$§=8TeV L =20.2fb?!

B . e
Run Number: 179739, Event Number: 10617167 s S NLO

Date: 2011-04-16 01:19:41 CEST
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Why study t-channel single top?

Cross section o |V3|
— test of the unitarity of the CKM Matrix

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

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

5 b

TeSt Of the b_quark PDF u:: - R:m'o o'f u?/fi?»:vfrlcl;uark zvilstrlb‘ut‘lo‘nlslzlnlo=1‘00 Gle\‘/“”—
S o) =
S 1.06f 3
; |.04i ’LE
“:: LOZf “E
s F :
Measurement of the top quark mass 2 gouf e 3
o different color structure o | S
« different energy scale o
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Multivariate Analyses

: # jets
Selection: > J =
. 1
 Exactly one isolted lepton (e/u) - + = + =
* Two jets, including forward (|n| < 4.5) & -
: S loose VR VR
calorimeters! & 5 = | oF
* |dentification of b-quark jets e A _
(including sufficient c-quark suppression)

-y Separated into + and — lepton charge!
* Missing transverse momentum P P g

« Multijet veto + channel: S/B = 26%
- channel: S/B = 17%

Process £t SR ¢~ SR
tq 11400+ 470 17+ 1
s iq 10+ 1 6290+ 350
tt, Wt,tb/th 18400+ 1100 18000+ 1100
W™ +jets 18700 + 3 700 47+ 10
| = W~ +jets 25+ 5 14000+2800
T e Z,VV + jets 1290+ 260 1190+ 240
R ———— o | Multijets 4520+ 710 4520+ 660
. il Total expected 543004000 44100 +3 100
% ST /BN e v e s s Data 55800 44 687
EXPERIMEN]
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Multivariate Analyses
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Data Events / 0.05

Events / 0.05
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4000}

4000

- ATLAS
r I+ SR

\s=8 TeV, 20.2 fb"

¢ Data
I fq
I it Whib
W jets .
[ Z.VV+jets
Il Multijet
4/, Post-fit unc.
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L 1" SR
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¢ Data
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Bt Witb
I W tjets
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Fiducial cross section result

Source Ao ga(t ohalt Ao ga (7. oha(f
fid ( q[)%{] fid(?q) fid ( q[)oyj] fd(fq TIAS BTV 202
Measurertn?net)rem:ll R l—H:-c—l
. stat. @ syst. unc. [ stat. unc. 0
Data statistics + 1.7 +2.5 Predlﬁad 1iduci;; crcLsts-seclion w?th CT10: i
Monte Carlo statistics +1.0 + 1.4 " Iscale ©PDF unc. B PO une. :
POWHEG-BOX+PYTHIAB m—
Background normalisation < 0.5 < 0.5 ﬁgg:ig:ggi:ﬁ;&fg -
Background modelling + 1.0 + 1.6 =% POWHEG-BOX+HERWIGT —
, . MG5_aMC@NLO+HERWIG ——
Lepton reconstruction +2.1 +2.5 MG5_aMO@NLO HERWIG? - ¢
Jet reconstruction + 1.2 + 1.5 : 1%5) POWHEG-BOX+PYTHIAG -
e T ™ PowHEG-BOX+PYTHIAS -
VES o ___: £330 ___£36__ MGSaMC@NLO+HERWIG7 )
Flavour tagging + 1.5 + 1.8 [ B B P
ET™ modelling + 1.1 + 1.6
bjbefliciency _ _________° 09 _______+09 _
PDF +1.3 +2.2 :
L - .
GG =0k <00 ATLAS {s=8 TeV, 20.2 b
rq ({Q) parton Sh.OV\.IBI' +1.1 +0.38 : Measurement result I—I—o—l—i:
La Fg) scale variations __ _ __ _ : x20_______ =17 Prckt Kaess s e T
tt NLO matching +2.1 +4.3 [ scale ® PDF unc. [l PDF unc.
= POWHEG-BOX+PYTHIAG o
1 parton shower +0.8 +2.5 POWHEG.Box: PYTHIAS e
tt scale variations < 0.5 < 0.5 ﬁ POWHEG-Box+HERWIG .
. . POWHEG-BoxX+HERWIGTY —
Luminosity +1.9 =19 MGS_aMC@NLO+HERWIG —
e . MG5_aMC@NLO+HeRwWIGT —
Total systematic +5.6 +7.3 7 POWHEG. BOX:-PYTHIAG -
Total (stat. + syst.) +5.8 + 7.8 POWHEG—BOX+PYTHIA8 —— !
#IME aMC@NLO+HERWIGT | —I E | |
Several uncertainties are reduced | 10tal uncertainty: S 4 3 . (?q)[pb7]
. ) " fid
for the fiducial cross-section w.r.t tq :5.8% ! |
the total cross-section tq : 7.8%
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Extrapolated cross section

ATLAS Vs=8 TeV, 20.2 fb” ATLAS Vs=8 TeV, 20.2 fb’'
Total cross-section: Total cross-section:
—e— Data —e— Data
POWHEG-BOX+PYTHIAG — NP POWHEG-BOX+PYTHIAG —— ML e
POWHEG-BOx+PYTHIA8 —i e PowHEG-BoX+PYTHIA8 ——i —_ croman
%) P BO H - scale unc. 7)) P B H - scale unc.
. OWHEG-BOX+HERWIG — [ scale @ PDF @ «, unc OWHEG-DOX+HERWIG — [ scale @ POF @ o, unc
.| POWHEG-BOx+HERWIGT - - POWHEG-Box+HERWIG7 ——
MG5_aMC@NLO+HerwIG —i — oL e MG5_aMC@NLO+HerwIG ' — NN o
MG5_aMC@NLO+HERWIGT  +— I sl une. MG5_aMC@NLO+HERWIG7 -—i I cale une.
%) POWHEG-BOX+PYTHIAG —— seale @ POF @ e, une 7| POWHEG-BOX+PYTHIAB —i scale @ PDF @ a, une
'8 POWHEG-BOX+PYTHIA8 — NN H POWHEG-BOX+PYTHIA8 ——1 _ NNWO
1 MG5_aMC@NLO+HERWIGT —— Bl e ¥ MG5_aMC@NLO+HerwIG7 ——i e
[ .- ’_ scale @ PDF @ «, unc. J : scale @ PDF @ «, unc.
| PP T P T R B R I A SFErErErS AP |
0 55 60 65 70 25 30 35 40
Gto[ (tq) [pb] Gtot (iq} [pb]

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

1
N . ~meas
Otot _Af'd Ofid
l

Taking into account in a correlated way theory uncertainties on A¢;4

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%
010t (tq) = 32.8 + 0.8(stat) + 2.2(exp) + 1.7(theo) + 0.6 (lumi) pb
2.4% 6.7% 5.2% 1.9%

==
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Cross section ratio

R, = o(t) / o(t)

Source

Monte Carlo statistics

Background modelling
Jet reconstruction
ER™ modelling

tq (tq) NLO matching
tt NLO matching

tt parton shower

PDF

Total systematic
Total (stat. + syst.)

NN B R LB B I BN N R BN L B RN L R BN R B
AR /Ry [o] ATLAS {s=8 TeV, 20.2 o
+3.0 Measurement result [ +
+ 1.8 [Tlstat. ® syst. stat. :
Predictions calculated in 5FS:
+ (0.7 scale ® PDF + o unc. '
+05 ABM (5 flav.) .
+06 ATLAS epWZ12 .
~0.5/ +0.9 CT14 .
+23 HERAPDF 2.0 : .
+ 1.7 JR14 (VF) .
+ 0.7 MMHT2014 .
NNPDF 3.0 : .
+ 3.8 PN BPEPEPENE BN B T T
1.4 1.5 1.6 1.7 1.8 1.9 2

Using the extrapolated cross section:

LHCP 2019 - Puebla

R, = 1.73 £+ 0.05 (stat) + 0.07 (syst)
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Differential cross sections

6000 ATLASI

\s=8 TeV, 0.2 fb'
-1+ SR .

4000}

Events / 0.05

[~ 11 L
L ATLAS 1s=8 TeV, 20.2 fb
1500F I+ SR (0,,>0.8) + Data h
[ I g

B it Wi th

B W +jets

[ Z,vW+jets
B Multijet
2% Post-fitunc. 4

Events /10 GeV

—
o
o
o
—

SRR NUASRANCY W)

700 150 200 250 30
m(ivb) [GeV]

Cutonoy, >0.8

Process £+t SR (Onn > 0.8) £~ SR (Onn > 0.8)
tq 4470 4 180 5+ 0
tq 34 0 2270 4 130
tt, Wt tbh/th 754+ 45 7534+ 45
W +jets 960 % 190 1+ 0
W~ + jets 1£ 0 610 4 120
Z,VV + jets 524+ 10 604+ 12
Multijet 2014 46 2674+ 39
Total estimated 6540 4+ 270 3960 £ 190

15=8 TeV, 20.2 fb™"

¢ Data 7]
M tq
B tt, Wi tb
[ W +jets
[ Z.VW+ets
I Multijet
W8 Post-fitunc.

+ channel: S/B= 2.2

- channel: S/B = 1.34

200 300
p,(ivb) [GeV]




Differential cross sections

|‘T| T L] L] L]
= L DL L > 1 E ATLAS Preliminary /s=8 TeV, 20.2 fo! 7
% ATLAS Preliminary /s=8 TeV, 20.2 ib™ 8 F tq particle-level ® Data
O] 1k {q parton-level ® Data é 107" E. — POWHEG-BOX:PYTHIAG
.8_ - g — POWHEG-BOX+PYTHIAB —
— o <102k -
= 1 ¥ Ol o7}
O 10 'f © [ '
Le]ljfeX _
© . 10°F ! 3
2 : L L 1 I L L I
—2L ! r
1 0 SR T T T N TN SN T TN NN TN SN R © 1 5:— -
m ™ h v - g E ----- SO T I e o o e i o e e e et e e
g 1 5 :_ _: __(3 1 I._.._l.#vq,._l..............'.':.';:.''.-.'.'.'.‘'.:;'.'.'.'.'.'.'::'.-.'.':.';:.''.'.'.'.'.''_
S a T = 0.5}~ PowHEGB0x HERWIG - MGS_abC@NLO: HEmWIG
= S b 100 200 300
% 0.5 - - NLO (MSTW2008) - NNLO - p(T) [GeV]
o
o
O
~
O -
= 0.5} - POWHEG-BOX+HERWIG -+ MG5_aMC@NLO+HERWIG

0 100 200 300
p. (1) [GeV]

 Use different NN - without |n(j)]
* Predictions are harder than the data

=
42

4F%Bergische Universitat Wuppertal 7. 12
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tW production

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

V§=13TeV L_.=3.2fbl

int

JHEP 01 (2018) 63

V§=13TeV L,,=36fb
Eur. Phys. J. € 78 (2018) 18

SM: o(Wt)
LHCP 2019 - Puebla 24.05.2019




Signal modelling — Traditional approach

8 t
-
w
g t<\’

NLO: interference between both processes

Mtot = Msr + Md[‘a
[Miot|* = IMqel* + 2Re(Mr - M) + Ml

Different methods to define Wt @ NLO

Diagram removal:
Remove all double resonant diagrams on
amplitude level (M;, = 0)

Diagram removal 2:
Remove all double resonant diagrams on

amplitude level squared (|M4,-|* = 0)

Diagram subtraction:
Modifies the NLO cross-section with
subtraction terms to cancel locally the tt
contribution

LHCP 2019 - Puebla 24.05.2019
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Wt production

Selection: Exactly two leptons

£12000F ATLAS

510000k VS =13 TeV, 3.2 0" ]

8000

I I I
¢ Data2015 7
Wit
e it
Z+jets
Others ]

3 |
E . Total syst.

v 7

Data/Pred.

In order to separate Wt and tt BDTs are

#jets
1 2 g
e o | VR | VR
_g 1 b
==
2 b

f 2 I//‘ i / /; . 3 .
= | | //// A E
U — used in the two signal regions
Regions 1i1b
| J , oo wo
Variable S [10* ]
1j1b 2j1b 2j2b Sys(f o Fmie ) -~ .
Observed events 4254 6138 4912 Pt 12T ‘jl :
Expected total events 4430 780 6350 4810 4900 41200 Apt (f 102, ET ls’E’]l) 2.9
Exp. Wt cvents 760 +140 526 + 87 164 + 45 > Er ‘ 2.7 @ @
Exp. {f events 3550 +£700 5640 +£820 4700 +£1200 Apr ( 2729 E%lss) 1.2 ; »
Exp. Z 4+ jets events 74 + 37 118 + 59 75 £ 74 sys miss -
Exp. fake events 2% + 25 37 + 36 14 + 14 pE° (6L ER™Sjy) 0.9
Exp. diboson events 237+ 6.0 249+ 6.3 091+ 0.23 C(flfz) 0.9
ApT(«éj]_,E%nSS) 08

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

LHCP 2019 - Puebla
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Wt production

Signal extraction:
Profile maximum likelihood fit

Data/Pred,

1.5

1.4 0.5 1 ' .
BODT i2j1b} respanse 2j2b yield

08 1 2 1.
BOT {1j1b) response

Measured cross section:
o(Wt) = 94 + 10 (stat)28, (syst) pb
SM: 0 =71.14+39pb

Source Aoy /ow[%]
Jet energy scale 21
Jet energy resolution 8.6
ERiss soft terms 5.3
b-tagging 4.3
Luminosity 2.3
Lepton efficiency, energy scale and resolution 1.3
NLO matrix element generator 18
Parton shower and hadronisation 7.1
Initial-/final-state radiation 6.4
Diagram removal /subtraction 5.3
Parton distribution function 2.7
Non-t¢ background normalisation 3.7
Total systematic uncertainty 30
Data statistics 10
Total uncertainty 31

LHCP 2019 - Puebla 24.05.2019 Dominic Hirschbuhl ﬁ@Bergische Universitat Wuppertal “7~. 16
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Differential cross sections

100000F T
[ ATLAS

A st ] Measured in a fiducial phase space defined by the
80000F Ys=13TeV, 36. tw N
: s ] presence of two charged leptons and exactly one jet
identified as containing b-hadrons.

.

g 1'55— V77 Totall syst. U”C-I pins l/ /f/ /: % - ATLAS ¢ Data % 0-008—7 TLAS ¢ Data B
% o G = / o % 0.01— {s = 13 TeV, 36.1 fb Totaluncertainty ~ — S, - {s=13TeV, 36.1 fo" Tolal uncertainty
g 05k | | I//// I 4 :i’,' - J. —— Powheg+Pythias (DR) g 0.0061— —— Powheg+Pythiaé (DR) |
1j1b 2j1b 2j2b 1j0b 2j0b = i | 7 T 5
o = _
2 S - 1
= i S 0.004- —
2 o0.005— + - 5 - 8
- + 1 0.0021 —
Dominant uncertainties | ¥ . | -
- . . NS | R R B B B _H“\...‘l‘...‘u. L ! L
Data statistics, signal - —————— S
F —— Rowheg+Pythia6 (DR) ------- Powheg+Pythiaé (DS) ] F —— Powheg~+Pythia6 (DR) ------ Powheg+Pythia6 (DS)
modelling, and t "t gs F 1 e S E
. ) 13 ------- 1 — f I8 E [ 1
background modelling. 3 L E
2 — -
. F = aMC@NLO+Herwig++ - Powheg+Herwig++ —— aMC@NLO+Herwig++ -~ Powheg+Herwig++ 3
GOOd agreement W|th gle 158 1 Ngle E
. g5 — 1 [zi6 —
predictions from several N e o E
VR VR - R 5 e T R o 6166260300~ 400" 560660780~ 800~ 566" 1000
MC event generators. 0 e e, o0 o0 e
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Determination of |V, |

Cross section is proportional to |V |?

* In the Standard Model with 3 quark generatior

one expects |Vyp| ~ 1 (unitarity):

e Jﬁbs
V5

',J.theca

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

Highest precision for t-channel:
~ 5%

LHCP 2019 - Puebla 24.05.2019

ATLAS+CMS Preliminary

LHCtopWG

September 2016

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

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

Agy: scale & PDF

———
total theo

Dominic Hirschbiihl

My = 172.5 GeV [, V| + (meas) + (theo)
t-channel:
ATLAS 7 TeV’ ] 1.02+0.06 £0.02
PRD 90 (2014) 112006 (459 ")
ATLAS 8 TeV He+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 e 0.970 + 0.045 £ 0.016
JHEF 08 (2014) 030 (19.7 ") H
CMS combined 7+8 TeV HeH 0.998 +0.038 + 0.016
JHEF 06 (2014) 090
CMS 13 TeV ) = 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 114 +024 +0.04
ATLAS-CONF-2016-065 (3.2fb")
s-channel:
ATLAS 8 TeV* [ 093218+ 0.04
PLB 756 (2016) 228 (20.3fb") :
! including top-quark mass uncertainty
2 including beam energy uncertainty
1 | 1 | 1 | | | | 1 | | | | 1 1 | | | | 1 | | | | 1 | | | 1 |
04 06 08 1 12 14 16 18
Ifo Vel




WbWb production

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

VE=13TeV L=
Phys. Rev. Lett. 121 (2018)
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Offshell tt production

* For direct searches Wt more or less well-defined

e Analysis typically done in non-resonant phase spaces
e SUSY searches do explore interference regions
Solution: WbWb @ NLO

a
o

\‘V\\‘I"'V‘IV‘\'l‘I‘I\\'\'l‘l‘!\\'\‘l'l‘\|\‘¥‘
ATLAS - Data
\s=13TeV, 3.210" ott2l
STCR1 mt L1
w Ot 1L
] Single Top

Events / 20 GeV
N
o

mVvVv
7z Total SM
20
10
515
g 1=
8 055
= 1.5F
D | i e
= 05F :
tmpwgnlgn ogww®"
0 100 200 300 400 500

Single-Top source SR1 SR2 SR3
Uncertainties Uncertainties on TF to SR [%]
in Sig nal Radiation 3.66 +0.15 5.14+023 576+0.31
Regions Had/Frag | -5.39+045 -8.49+0.78 -13.9+1.49
Interference | -37.3 +3.97 -48.8+5.58 -56.2+7.58
k’ Total 38 49 57
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Offshell tt production

Selection:

* One electron

* One muon,

* Exactly 2 b-tagged jets

Two ways of pairing:

’ Qﬁ m(bl’gl)
Sensitive observable: > ' Qz m(b2,£>)

t/
At parton level for tt: 9&
P —

- i
m;ﬁmlmax < \/m? _mI%I/

B . mo,e)
B | mbre)

> high mI"™™* has high
tWb fraction

mp "™ = min{max{m,_l;, my,1,), max(my_l,, my,1,)}

LHCP 2019 - Puebla 24.05.2019 Dominic Hirschbiihl Bergische Universitat Wuppertal N ,w



Offshell tt production

;‘ [ T T T T ‘ T T T T I T T T T | T T T T I |
(o)) we | Data, stat. uncertainty
—, * * ’ TTTT TTTT TTTT TTTT TTTT TTTT T TT TTTT T
Q 1072 = [ ] Full uncertainty E *E‘ 0'6: l | ]
.‘:).< 3 o * Powheg+Pythia8 I'vIvbb ] & | ATLAS -
g i - # Powheg+Pythia8 ti+tW (DR) i § 0.5 Vs=13TeV,36.11b" —
b|E 4 Powheg+Pythia8 tt+tW (DS) > [ pp — ITbb+X ’
o EEE1 0—3 = e ¥ MG5_aMC+Pythia8 fi+tW (DR) — ng - Fractional uncertainty by source i
5 = 4% 4 MG5_aMC+Pythia8 fi+tW (DR2) 2 0.4 T s T o 7]
B = ] S L —— Bkd. Subtraction b-tag i
o i #F i T | — JESWER — MC stat. i
A ? 0 3_ ;_Il\—lsg:nl"u(s#ra - —— Theory (tt+tWhb) |
1 0_4 = Ay — =l * -
= ¢ nt - - .
Z* ' :A xY = B ]
- ATLAS S 0.2 J‘ | ]
i (s=13 TeV, 36.1 fb" N ) -
105E o = ] |
- pp — I'Tbb+X E o | == :
r A n . T -
) 2 P R T S R T R N T R T I R bazoas "-"! :Ill-_F _____ — A
S : LI ] 0"56"100 150 200 250 300 350 400
3 - et Ty . Truth m™""™ [GeV]
= ot . s ; L -
0 100 200 300 400

mgllinimax [GGV]
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Offshell tt production

ATLAS

pp — I'Tbb+X

Vs=13 TeV, 36.1 "

cenainty

Model/Data

ot ey

M #
|
g

Full Distribution

mp A S 160 GeV

Model
Y’ / nDOF | p-value Y / nDOF | p-value
Powheg+Pythia8 t + W (DR) 10 / 14 0.71 8.5 /8 0.40
Powheg+Pythia$ t + tW (DS) 10 / 14 0.77 6.6 /8 0.56
Powheg+Pythia8 (T v0™ vbb 59 /14 0.92 2.0/ 8 0.95
MG5_aMC+Pythia8 tf + ¢ (DR1) 26 / 14 0.14 13 / 8 0.17
MG5_aMC+Pythia8  + ¢/ (DR2) 36 / 14 0.02 20 /8 0.08
Powheg-+Herwig-++ t + tW (DR) 26 / 14 0.07 7.3/ 8 0.48
MG5_aMC+Herwig++ ¢+ tW (DR) 30 / 14 0.04 11/ 8 0.23
Powheg+Pythiab £ + tW (DR) 14 / 14 0.49 11/ 8 0.23
Powheg+Pythia6 t + tW (DS) 14 / 14 0.49 10 / 8 0.32
MG5_aMC+Pythia8 (LO) WWbb 12 / 14 0.68 8.2 /8 0.42
MG5_aMC+Pythia8 (LO) WWbb, no int. | 28 / 14 0.05 22 /'8 0.005
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tZq analysis

EVE nt Se I eCtiO n: Common selections
Q Exactly 3 leptons with |n| < 2.5 and pp > 15 GeV
N 2 Jetsl 1 b-tag pr(fy) > 28 GIeV, PT(;z) >; 25 GeV, pf(l’;;) > 15 GeV
. . je 30 GeV
* 3isolated leptons, 2 forming Z mass -,,i“(&f.),j; 20 GeV
* Validate background predictions 5K Diboson VR / CR VR [T en
. — . > 1 OSSF pair > 1 OSSF pair > 1 OSSF pair > 1 OSDF pair
N data (tt + Non prom pt eanChed [y — my| < 10 GeV [y —my| < 10 GeV [rge —my| > 10 GeV  No OSSF pair
] . 2 jets, |n| < 4.5 1jet, |n| < 4.5 2 jets, |n| < 4.5 2 jets, |n| < 4.5
and W7z enrlched reglons) 1 b-jet, || < 2.5 — | b-jet, 5| < 2.5 I b-jet, [n| < 2.5

— VR/CR: mp({y,v) > 20/60 GeV — —

Channel Number of events
Asimov dataset Data
t7q 35+ 9 26+ 8
tt +tW 184+ 7 17+ 7
7 + jets 37+11 34411 S/B=27%
Diboson 53 +13 48 +12
ttV +ttH +tWZ 20+ 3 19+ 3
Total 1634+ 12 1434+ 11
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tZq analysis

Variable Hidden P e e S
|?? (J) ‘ Input 0 ' — Z+jets B
rr() NS . etz
my won Uncertainty —

W 3 ) 3
pr(€) Output E
ari.z) OSRREE e + :
'??I-T(E‘ E-%-HSS) '0 é ‘TN \\ o ;\\\.\\\\{\\\\x\{a\\:&&' ;
pr(t) 5T e— —
pr(b) g 2f ]
prid) e s S S A S
In(¢ )] S ok

Source Uncertainty | %]

tZq radiation +10.8

Jets +4.6 Measured cross section:

b-tagging +2.9

MC statistics Y o(tZ) = 600 + 170 (stat) =+ 140(syst) fb

tZq PDF +2.2 Significance: 4.2 o

Luminosity +2.1

Leptons +2.1

Emiss +0.3

T — e
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Summary I

Standard Model Total Production Cross Section Measurements

ATLAS Preliminary
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Summary II

ATLAS Preliminary Sep 2018
Single top-quark production

T T TTTT
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t-channel

=== NLO+NNLL QCD at m, = 172.5 GeV|
MSTW2008 NNLO PDF

= NLO QCD atm, = 172.5 GeV
MSTW2008 NLO PDF
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s-channel

3 t-channel 4.59 fb™' PRD 90 (2014) 112008

© t-channel 20.2 fb™ EpJ c77 (2017) 531

T tchannel 3.2 tb™ JHeP 04 (2017) 086

w2051 pe 716 (2012) 142

i tw20.3 o' JHEP 01 (2016) 064

§ tW 3.2 fb™ JHEP 01 (2018) 063

¥ s-channel 95% CL limit 0.7 fb™" aTLAS-GONF-2011-118

Single top-quark cross-section [pb]

I s-channel 20.3 fb" pis 756 2016 228
| |

|
7 8 9 10 11 12 13
(s [TeV]

i - ATl‘_AS Preliminan | | | e l | ] : 0

245 {channel single.top-quark production * Single top production measurements
bl BT e omiom ] entered he precision measurment era.
TR B MMHT2014 £ur prye. 1. 075 (2015) 204 -

2f T « Differential cross section for main
1.8F 4 channels are available
1.6 m

: § 450 oo e ] * New rare processes started to be

A ReEmeene Lo investiagted (and discovered)

6 7 8 9 10 11 12 13
Vs [TeV]
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