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Outline

- 8 TeV t-channel measurement arXiv:1702.02859

Fiducial and total cross-sections
. Rt

Differential cross-sections

- 13 TeV tW cross-section (2015 data) ElRAVIcaaAOV%eE
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https://arxiv.org/abs/1702.02859
https://arxiv.org/abs/1612.07231

t-channel single top-quark production

5-flavour scheme
Predicted
Cross-sections J

q

b

4-flavour scheme

q q’

O-IsLO = 29.713% pb

Calculated with HATHOR 2.1
arxXiv1406.4403

- Interesting aspects:
Treatment of b-quarks (4FS/5FS) b

PDF dependence u/d valence quarks
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—vent selection

1 charged lepton (e or y) and dilepton veto

* PT > 25 (20) GeV q q

- 2 Jets

- p1 > 30 GeV (35 GeV in forward direction)

- mt(£,b) < 160 GeV (not in MC)
. ET™ss and m(£,v) cuts to reduce backgrounds

* Use a neutral network (NN) to improve signal and
background (mostly tt and W+jets) separation
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Signal and background fractions

- 15-20% of the events in the signal region are really signal

Mul’rije’r PIUS Mul’rije’r ManS

tt+ Wt+thb
40%

W~ + jets
33%

tq
10%
0% q 10% 15%
2% L%
W + jets
34%
tt

L+jets >

- Use a neural network to improve the sensitivity

+ Wt +th
33%

- With a cut on NN output (Onn > 0.8) can achieve
something like 2:1 S/B with decent statistics

Used for differential cross-section extraction
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Cross-section extraction

- Binned maximum-likelihood fit used

-+ Separate cross-section determination for £+ and £- events
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Fiduclal cross-section measurements

- Define a fiducial phase space close to experimental phase
space

- Measured cross-section less dependent on MC generator

Fitted expectation value

of number of tg events

Ngy ©
Ofd —
Nsel ‘Cint

Use a maximum likelihood fit

to Onn to get v
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Systematic uncertainties

- Evaluation based on Source Aowalta) [ onalta) - Aonalia) J onalt
0 0
0seudo-experiments Data statistics + 1.7 + 2.5
Monte Carlo statistics + 1.0 + 1.4
Background normalisation < 0.5 < 0.5
. Several uncertalnhes Background modelling + 1.0 + 1.6
Lepton reconstruction + 2.1 + 2.5
' ' — Jetrecounstruction __________EF12_ . +1.5
smaller for fiducial Cross- 3 feemmeion. ..o fidceneen o T,
: Fl taggi + 1.5 + 1.8
section than total cross- g medeiing T By
' b/b tagging efficiency _________XROQ9____ ... £0.9_
Section PDF + 1.3 +22 %
'tq (tq) NLO matching + 0.5 <05 ,
~ 1 tq (tq) parton shower + 1.1 +08 !
. Takd '\t.g (tq) scale variations + 2.0 + 1.7
ft uncertainties larger for g fuees mtor. ... F CERTTPP L
n tt parton shower + 0.8 + 2.5
t than t due tO Sma”er S/ tt scale variations <05 < 0.5
B Luminosity + 1.9 + 1.9
JTotal systematic _ _______ . .ES0 _________. T73..
Total (stat. Asyst.) .o o .. B8 L. ... T8
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Fiduclal cross-sections

gaq(tq) = 9.78 £ 0.16 (stat.) + 0.52 (syst.) + 0.19 (lumi.) pb

= 9.78 £ 0.57 pb
orq(tq) = 5.77 £ 0.14 (stat.) + 0.41 (syst.) = 0.11 (lumi.) pb
= 5.77 4+ 0.45 pb.
ATLAS Vs=8 TeV, 20.2 fb’ ATLAS Vs=8 TeV, 20.2 fb’
Measurement result ’ 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 L POWHEG-BOX+PYTHIAG | m—
POWHEG-BOX+PYTHIA8 % POWHEG-BOX+PYTHIA8 | m—
ff POWHEG-BOX+HERWIG m B ff POWHEG-BOX+HERWIG | m— B
" POWHEG-Box+HERWIG7 e " POWHEG-Box+HERWIG7 B
MG5_aMC@NLO+HERWIG MG5_aMC@NLO+HERWIG | m—
MG5_aMC@NLO+HERwWIG7 MG5_aMC@NLO+HERwIG7 | — |
75| POWHEG-BOX+PYTHIAG 75| POWHEG-BOX+PYTHIAG E
® POWHEG-BOX+PYTHIA8 '8 POWHEG-BoXx+PYTHIA8
HMG5_aMC@NLO+HERwWIG7 2MG5 _aMC@NLO+HERWIG7 I |
TS R e TR RN N e e
7 8 9 10 11 3 4 5 6 7
Oy4 (10) [P o4 (19) [pb]

Larger scale uncertainties for 4FS than 5FS
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Total cross-sections

POWHEG-BOX + PYTHIA ©

Oror(tq) = 56.7 £ 0.9 (stat.) + 2.7 (exp.) 717 (scale) & 0.4 (PDF)
+ 1.0 (NLO-matching method) + 1.1 (parton shower) 4 1.1 (lumi.) pb

= 56.7755 pb
oot (tq) = 32.9 £ 0.8 (stat.) £ 2.3 (exp.) Ty'g (scale) + 0.3 (PDF)

+0.7
—0.6
_|_
— 32 9 2 7 pb
ATLAS {s=8 TeV, 20.2 fb™
Total cross-section: Dat
—o— Data
PowHEG-Box+PYTHIAG NLO wevesos o
POWHEG-BOX+PYTHIA8 B o

(L’I_) POWHEG-Box+HERWIG

-+ POWHEG-BOX+HERWIG7
MG5_aMC@NLO+HERWIG
MG5_aMC@NLO+HERwIG7

n POWHEG-BOX+PYTHIAG

IS POWHEG-BOX+PYTHIA8

MG5_aMC@NLO+HERwWIG7

- scale ® PDF @ a, unc.

—— NLO+NNLL
PRD 83 (2011) 091503

- scale unc.

| scale ® PDF @ a, unc.

____ NNLO
PLB 736 (2014) 58

- scale unc.

- scale ® PDF ® o, unc.

(NLO—matching method) + 0.6 (parton shower) & 0.6 (lumi.) pb

50 55 60 65 70

ATLAS

Total cross-section:
POWHEG-BOX+PYTHIAG
POWHEG-BOX+PYTHIA8

(u’_’ POWHEG-BOX+HERWIG

<+ POWHEG-BOX+HERWIG7
MG5_aMC@NLO+HERWIG
MG5_aMC@NLO+HERwIG7

0 POWHEG-BOX+PYTHIAG

5 POWHEG-BOX+PYTHIA8

MG5_aMC@NLO+HERwWIG7

Vs=8 TeV, 20.2 fb™

—e— Data

NLO NPPS 205 (2010) 10
CPC 191 (2015) 74

- scale unc.

- scale ® PDF @ a4 unc.

— NLO+NNLL
PRD 83 (2011) 091503

- scale unc.

|:| scale ® PDF ® a4 unc.

NNLO
PLB 736 (2014) 58

- scale unc.

- scale ® PDF @ o, unc.

Oyt (1) [PD]

25 30 35 40

Total cross-section using different MC generators

for extrapolation to full phase space
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Cross-section ratio Ry

Otot (tQ)
R, = —~ = 1.72 £ 0.05 (stat.) £ 0.07 (exp.) = 1.72 £ 0.09.
Otot (tQ)
| | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | |
Source ARy /Ry (%] ATLAS Vs=8 TeV, 20.2 fb”
Data statistics + 3.0 Measurement result 7 : )
Monte Carlo statistics + 1.8 Mistat. ® syst. | stat. :
Background modelling 107 Predictions calculated in 5FS:
Jet reconstruction + 0.5 " scale ® PDF + a unc. :
: i ABM (5 flav.) . B
E7"® modelling + 0.6 :
tq (tq) NLO matching + 0.5 ATLAS epWz12 s
tq (tq) scale variations + 0.7 CT14 : .
t¢ NLO matching + 2.3 HERAPDF 2.0 B
tt parton shower + 1.7 JR14 (VF) : i B
PDF + 0.7 :
MMHT2014 R
Total systematic + 3.9 :
Total (stat. + syst.) + 5.0 NNPDF 3.0| : - :IE : :
1 1 1 1 1 1 1 1 1 1 1 '] . '] '] 1 1 1 1 1 1 1 1 1 1 1
1.4 1.5 1.6 1.7 1.8 1.9 2
R,
Measured value compatible with most PDF sets
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t-channel differential cross-sections

- Use to test SM predictions
- Search for signs of new physics
- Validate and use as input for MC tuning

- Cross-sections measured:
- p1(t) and |y(t)| for top and antitop at parton level

- o1, [y, pr() and |y()| for top and antitop at particle level
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Events / 0.05
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Analysis procedure

Cut on NN output Subtract background
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Normalised cross-section vs. pr(t) at particle level
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Cross-section vs. pr(t) at particle and parton level
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Normalised cross-section vs. y(t) at particle level
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Good agreement with MC predictions
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Normalised cross-section vs. y()) at particle level

NN without n() for y()) measurement
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tWW production at 13 TeV

- Direct access to |V

Sensitive to new physics that
could modify [V

- Interesting overlap/interference
with tt

- Observations so far all in
dilepton channel

+ First publication at 13 TeV
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—vent selection

- 2 oppositely charged leptons (e or p)
- pr > 25 (20) GeV

- 1 or 2 central jets

- p1> 25 GeV

- E1Mss and mee cuts to reduce backgrounds

-+ Use a Boosted Decision Tree (BDT) to improve signal and
background (mostly tf) separation
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—vent numbers

Postfi

——————————— I r T _120003
ATLAS C —e— Data 2015 %
N . - e Wit 410000>
Vs=13TeV,3.2fb" ¢ — w
‘ '_ Z+jets 18000
i I Fakes ]
- Diboson _:6000

1.2F -

 Total unc.

%%%%%%%%%“%%%%%%%%%%%%%4%%”*%W%%4%%%%%%f

Data/Pred.

0-8_.|...|...|...|...|._I....I....I - 1
06 08 1 12 14 05 1 1.5
BDT (1j1b) response BDT (2j1b) response 2j2b yield
1j1b 2j1b 2§2b
Observed events 4254 6138 4912
Fitted events 4257 6139 4908
Fitted Wt events 910 =+ 210 640 +160 210 =+ 82
Fitted tt events 3230 +210 5340 -+ 160 4670 +110
Fitted Z + jets events 69 + 35 87 + 46 76 £ 7.5
Fitted fake events 30 + 26 40 + 38 15 4+ 14
Fitted diboson events 23.5+ 6.0 24.84+ 6.2 0914+ 0.23
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Result and systematic uncertainties

CO'WZ« = 85 + 9 (stat.)*1” (syst.) pb , significance: 4.80 (4.10)]

Au

-06 -04 -02 O 02 04 06
L L L L L B L I B R

Source Aoy /ow %]
Parton Shower generator Jet energy Scale 21
Jet energy resolution 8.6
JES: flavour composition E,%“SS soft terms 53
b-tagging 4.3
JES: B Luminosity 2.3
VPSR Lepton efficiency, energy scale and resolution 1.3
Luminosty NLO matrix element generator 18
Parton shower and hadronisation 7.1
Wt ME generator Initial-/final-state radiation 6.4
Diagram removal/subtraction 5.3
JES: v intercal. model Parton distribution function 2.7
Non-tt background normalisation 3.7
PDF central value
- Total systematic uncertainty 30
JES: pileup p / 5 Data statistics 10
b-jet efficiency scale fac. 0 u—o%/- Total uncertainty 31
H 4 H
ATLAS —@— Full
{s=13TeV, 320" Pre-fit Impact on
o NLO ME generator
I A A A A

s 2 4 o POWHEG vs. aMC@NLO

(6 - 6,)/A0

Expect main uncertainties to go down with 2015+16 data
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Summary of single-top cross-section
measurements

" ATLAS+CMS Preliminary LHCIOPWG = ariastchannel N
. . PRD 90 (2014)1120086, arXiv:1702.02859,

- Single top-quark production JHEP04{2017)086 .
May 2017 * JCHhé§1téc(gg1n2r)lgil35, JHEP 06 (2014) 090,

— arXiv:1610.00678 -

._.i.i._ O ATLAS Wt
- PLB 716(2012) 142, JHEPO1 (2016)064, -

arXiv:1612.07231
R, O CMS Wt
[-C h dalll ‘Lt“ PRL110(2013)022003, PRL 112(2014) 231802

LHC combination, Wt
ATLAS-CONF-2018-023, CMS-PAS-TOP-15-019

-l-l-i-:-_ — A  ATLAS s-channel

ATLAS-CONF-2011-118 95% CL,
PLB 756(2016) 228

—h
-
N
TTTT]
»*

Inclusive cross-section [pb]

= ¥ CMS s-channel -
JHEP09(2016)027 95%CL
— Y - Wi X 7+8 TeV combined fit 95% CL -
A b 4 _
n e 1 === NNLO PLB 736(2014)58 -
! [ Epp— scale uncertainty

_ === NLO+NNLL PRD83(2011)091503,
PRD 82 (2010)054018, PRD 81(2010) 054028

Wi: tf contribution removed

10

I_ s-channel scale ® PDF @ o, uncertainty
e ) —— NLO NPPS205(2010) 10, CPC191(2015) 74
- Ho=Ho=mg, -
CT10nlo, MSTW2008nlo, NNPDF2.3nlo

B Wi: pT veto for tT removal=60GeV 1

and n=65 GeV
- scale uncertainty

scale ® PDF @ «, uncertainty
M= 172.5GeV - o

1 | ] |
7/ 8 13
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Conclusions

-+ 8 IeV single-top f-channel results arxiv:1/702.02859

5.8% (7.8%) uncertainty on t(f) fiducial cross-section

R: uncertainty of 5%

Differential cross-sections determined as a function of many
variables at both particle and parton levels

- First 13 TeV tWV results arXiv:1612.07231

Modelling and JES uncertainties dominant

Should improve with better MC, more data and more studies
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t-channel neural-network variables

Variable symbol Definition

m(jb) The invariant mass of the untagged jet (j) and the b-tagged jet (b).

n(7)] The absolute value of the pseudorapidity of the untagged jet.

m({vb) The invariant mass of the reconstructed top quark.

m (LERISS) The transverse mass of the lepton—EX5S system, as defined in Eq. (77).

|An(lv, b)) The absolute value of An between the reconstructed W boson and the b-tagged jet.
m(£b) The invariant mass of the charged lepton (£) and the b-tagged jet.

cos0* (¢, j) The cosine of the angle, 8%, between the charged lepton and the untagged

jet in the rest frame of the reconstructed top quark.

ATLAS single top - LHCTopWG - June 2017 25 "‘
universitatbonn



tW event selection

At least one jet with pp > 25 GeV, |n| < 2.5
Exactly two leptons of opposite charge with pt > 20 GeV,
In| < 2.5 for muons and |n| < 2.47 excluding 1.37 < |n| < 1.52 for electrons
At least one lepton with pt > 25 GeV, veto if third lepton with pp > 20 GeV
At least one lepton matched to the trigger object

E&wniss > 50 GeV, if mypy < 80 GeV

Different flavour ,
Errfmss > 20 GeV, if myppy > 80 GeV

Emiss > 40 GeV, always
veto, if myp < 40 GeV
Same flavour AETSS > 5myy, if 40 GeV < my, < 81 GeV
veto, if 81 GeV < myy < 101 GeV
2Mmyp + Errfniss > 300 GeV, if mypy > 101 GeV
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tW

DT variables

1j1b
Variable S [10_2}
pSrI}fS(glng%liSS-jl) 5.3
ApT(Zlég, Errrnlssj'l) 2.9
S Er 2.7
ApT (6162,‘E%niss) 1.2
pSTyS(glErrrmssjl) 09
C (41 05) 0.9
ApT(él, Erli‘niSS) 0.8
BDT discriminant 8.6

2j1b
Variable S [10_2]
psTys<£1€2) . 1.7
AR(010o, RS, 5y) 1.7
AR(flfg,th) 1.5
App (0105, Eiss) 1.4
Apr(f1, j1) 1.4
pT(Zl) . 1.3
o (P (Ll ER=S i) 1.2
AR((1, j1) 1.2
pr(j2) | 0.9
o (D) (01 L B335 1 ) 0.9
m(gzjljg) 0.3
m(ggjg) 0.1
BDT discriminant 10.9
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