Single-Top Quark Production Measurements
Using the ATLAS Detector

PHENO 2016 | Unlversny of Plttsburgh - May?9, 2016

Oliver Maria Kind — on behalf of the ATLAS collaboration

kind@physik.hu-berlin.de

A
Institut fir Physik
Humboldt-Universitat zu Berlin
Germany



Introduction

Single-Top production in LO: (exemplary)

<L XK

’ associated Wt production ‘

Top quark decay: Signature:
» Almost all top quarks decay in b and W » Isolated lepton(s) + b-jet(s)
» W decay either leptoni- . g + B+ jets )
cally or hadronically t Wi/ —va » Dominantbkgs.: tt prod.,
(BR=232;68%) — . Wijets, Z+jets, multi-jet

Sensitivity to new physics: » Large bkg. rates = difficult

» Quark flavour mixing, Vi

» Coupling structure at Wtb vertex Igpugzzzt:‘: dct'ﬁz

> New interactions (W', b*, ...), FCNCs 000 EWSB



Part |

t-channel inclusive cross-section
measurement at Vs=13TeV



t-Channel Production at 13 TeV

Analysis

» t-channel is mode with highest rate
, > t,t cross-sections, R, Vi
» sensitive to b/u/d PDFs
ve » Full 2015 dataset: /s=13TeV, L=3.2fb~'

NN discriminant, ut

ATLAS Preliminary (5=13Tev, 320"
SRy

Event selection:

Events/0.10

» One isolated u* or u= (p>30GeV, |y/<2.5)

» Two jets; at least one b-tagged
(pt>30GeV, || <3.5, |ipjetl <2.5)

Data / Pred

» Missing transverse momentum (&;>30 GeV)

0 0.2 0.4 0.6 0.8 1
NN output

N discriminant, u~

ATLAS Preliminary f5=13 Tev, 32"
SR

» No additional e or p => veto against tt bkg.
Analysis method:

» Signal enrichment by a Neural Network
discriminant (main NN input variables: m(fvb),

m(jb), Myw, In()l, -..)

» Obtain signal strength by ML fit of signal and
bkg. templates of the NN discriminant

o Data

Events /010 Z

Data / Pred.

0.8
NN output


https://inspirehep.net/record/1410172

t-Channel Production at 13 TeV

Results

Cross-section measurement:
Top:
o(tq) = 133 + 6(stat.) + 24(syst.) + 7(lum.)pb = 133 £ 25pb 42 =19%
o(tq) = (0.98 + 0.05) - o' (tq) @NLO
Antitop:
o(tq) = 96 + 5(stat.) + 23(syst.) + 5(lum.) pb = 96 + 24pb 42 —25%
o(tq) = (1.18 £ 0.08) - ™" (tq) @NLO

Both:

o(tg+1q) =229 +48pb 42 —=21%

Vi, measurement:
Assume |Vip| > |Visl, | Vidl

B Aos(tq) Aos(iq)
Uncertainty TM@lA sl = lfiy Vipl? = % /ot
Data statistics 4.6 5.0 -

o > Unitarity not assumed
MC statistics 6.3 6.5 ) Py 1 11

= =

t-channel generator 1 15 « umnegn lfiv Vol 03 £0.
b-tagging 71 7.5 > Unitarity assumed; fiy =1
t-channel scale variations 5.9 7.7 [Vio] > 0.78 @95% CL
Other <6 each <7 each

Total 18 % - Agreement with SM


https://inspirehep.net/record/1410172

Part [l

Associated Wt production at
Vs=8TeV



Wit Production at 8 TeV

Inclusive cross-section measurement

» Associated production of t and W

> Interference with tt production
(small within detector acceptance)

» Full 2012 dataset: v/s=8TeV, £=20.3fb~"

Dilepton channel:
» Two isolated leptons (e/u)
» One or two jets; one or two b-tags
» Missing transverse momentum
» Multivariate analysis using Boosted Deci-

sion Trees
» Profile ML fit of signal & bkg. templates
Results: significance = 7.70

ow = 23.0 + 1.3(stat.) "2 2(syst.) + 1.1(lum.) pb

d0fe =t10% gy = 108708 . ol (NLO+NNLL)

IfivVipl =1.01 £0.10  |Vjp| > 0.80 @95% CL

1 jet& 1 b-tag region

ATLAS
s=8Tev,20.3 "
b 1jet1-tag

Events / 0.05

+ Data
wt

7 Uncentainty

ry|

8
03 02 -01 0

Uncertainty
Statistical

ISR/FSR modelling
Jet reconstruction
E; reconstruction
Other

Total

|
01 02 03 04
BDT Response

Aowi/ow [%]
+5.8
+82/-94
+9.0/-9.9
=53
< +5each
+16/-17


https://inspirehep.net/record/1397635

Wit Production at 8 TeV

Fiducial cross-section measurement

» Define fiducial volume similar to signal
region R
1 Nig s
afig Nset L
_—
Tfid
-> Cancellation of several uncertainties
- No extrapolation to full phase-space needed
-> Less sensitive to modelling uncertainties

Tinc =

» Fiducial selection at particle level
» Here: signal consists of Wt and tt
contributions
» Exactly two leptons (p;>25GeV, /<2.5)
» Use 1 jet & 1 b-tag region only
(pt>20GeV, |n|<2.5, E;>20 GeV)
Result:
(J'USHE = 0.85 + 0.01(stat.) *J 22 (syst.) = 0.03(lum.) pb

Ao pit oy g = 8.5%

L L
ATLAS {s=8Tev, 203"

Measured fiducial Wt+t cross-section
I Total uncertainty
Stat. uncertainty

Predicted fiducial cross-sections:
POWHEG-BOX+PYTHIA DR CT10
0" at NLO+NNLL, 0" at NNLO+NNLL

POWHEG-BOX+PYTHIA DR CT10
% and of at NLO

POWHEG-BOX+PYTHIA DS CT10
o and o at NLO

POWHEG-BO: DR CT10
% and of at NLO

MC@NLO+HERWIG DR CT10

o and o at NLO

MC@NLO+HERWIG DR MSTW2008
o and o at NLO

MC@NLO+HERWIG DR NNPDF 2.3
o and o at NLO

Lo b bown Lo Lo
03 0.4 05 0.6 0.7 0.8

. 0.9
Cross-section [pb]
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Part I

Evidence for s-channel single
top-quark production at v/s=8TeV



s-Channel Production at 8 TeV LB 756 (2016) |
Event selection 6
s S ATLAS

S A _iEXPERIMENT
> http://atlas.ch

muon -
pt=64GeV_T

missing, €’
224GeV .
G s-channel production

i, Wt

One isolated electron or muon  (p>30GeV, |7/<2.5)

. . t-channel
Two b-tagged jets  (p.1>40GeV, p2>30GeV, |5 <2.5) Zijets, ‘,{,“(Jm]m
s-channel

Missing transverse momentum  (#;>35GeV) #Events in the signal region:
No additional e or i => veto against tt bkg. % =14.000 (£=20.3fb7")


https://inspirehep.net/record/1405430

s-Channel Production at 8 TeV [ PLe 756 (2016) |

Signal discriminant distribution

» Use Matrix Element Method to separate signal from the main bkgs.

» Compute signal probability P(S|X) for each selected event X
Discriminate s-channel against t-channel, tt
(single-lepton | dilepton) and W+jets

ATLAS "o oowa
-chi |

(5=8TeV, 2031  mm tcnamel

—

Signal region

(=

I W+jets 150,
[ Z+jets, dib 2 T T T ]
- g o Data-background ATLAS E
Post-fit uncertainty ki [ s <hame f5=8TeV, 203 1" ]
100 Postfit bkg. uncertainty + Signal region -
2
50 YW
w W !
. - f
RS ‘ oy ‘ o ]
g 1.0«/@%%%%%%&%%%%%//@% ]
8 08f . . . . q
-50
00002 00018 0058  0.102 0.187 1 00002 00018 0058  0.102 0.187 1
P(SIX) P(SIX)

- Clear separation between signal and bkg. processes
- Allows s-channel cross-section measurement

» Profile likelihood fit of signal and bgk. templates of the P(S|X)
discriminant to extract the signal strength


https://inspirehep.net/record/1405430

s-Channel Production at 8 TeV LB 756 (2016) |

Results
Cross-section measurement: Uncertainty dos/os (%]
isti statistically
os=4.8 + 0.8(stat.) ", $(syst.) pb Data statistics 16 imited
: MC statistics 12
40/e = 34%, o :OBGfgﬁ; . O't,sh(NLO+NNLL) Jet energy resolution 12
o t-channel generator 11
» Observed significance 3.20 Other <10 each

Total 34

Ifiv Viol = 0.937228 | |Vip| > 0.5@95% CL

First evidence for single-top s-channel production at the LHC

Significance determination

Signallostrength uncertainty
[ ! T T T T T T

T T T
. ATLAS — Null hypothesis ATLAS
5 5=8Tev, 203"  —— g'xgp":c't';ﬁl’;‘hes's Vs =8TeV, 20.3 fo*
1 —— Observed q @ Observed Clg,,

Expected significance = 3.9 o
Observed significance = 3.2 o

..... Bkgonly CL_ |

. Bkgonly CL__+ 10

BkgonlyCL_ +20

10

0 5 10 15 \20 25 30 35 40 02 04 06 08 10 12 14 16 18 20
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Part IV

Search for anomalous Wtb couplings
in t-channel events at vs=7 TeV



Search for Anomalous Wtb Couplings

Analysis

» Use 2011 data: /s=7TeV, £L=4.59fb~"
» Select a rather pure t-channel sample (signal enrichment of ~50%)
» Make use of the generalized structure of the Witb vertex

ioc*q,,

Lo = LBy (VP + VaPR) W, - b mv? (9LPL + grPR)tW;, + h.c.
(Anomalous couplings in the SM: V| = Vi, VR = gL = gr = 0)

» Construct 2-dim. decay angle distribution p(6*, ¢*) for the charged
lepton from the Wtb decay (in convenient basis)

» Fold detector effects analytically into p(6*, ¢*) (use spherical harmonics)

» p(6*,¢*) depends on f; and 6

fy = fraction of transv. polarized decaying Ws
o_ = phase between ampl. for long. and transv. polarized Ws

} related to V| and gr

o r T T T T T T T T T T T T T |
S 80 amas P 0.0 (SM)

S . L1203, 5.20.

2 V5=7TeV, 4610 ::=8? g =8_(1]n

& 60F cos)ekto-05] r T T ]

40|

20|

_ c0s(6*)€[-0.5,0.0] ‘ = cos(6%)e[0.5,1.0]
L L L L L L L L L L L L
e 05 1 15 05 1 15 05 1 15 0.5 1 15

. " o o'n

o*/m o*/n ¢*/n
» Unbinned ML fit of all selected events to 2-dim. decay angle distri-
bution o(0*,¢*) = f; and 6_

c0s(6%)€[0.0,0.5]



https://inspirehep.net/record/1397636

Search for Anomalous Wtb Couplings

Results

» Determine f; and §_ from fit of 2-dim. angular distribution p(6*, ¢*
» Express fi, - into terms of anomalous couplings V| and gr

Measurement: At 95% CL.:
fy = 0.37 + 0.05(stat.) + 0.05(syst.) Re [9r/v] € [-0.36,0.10]
5_ = —0.014x + 0.023x(stat.) + 0.0287(syst.) Im [gr/v,] € [-0.17,0.23]
D A e s
[ Vs=7TeV,461b" . SM b ) [ (s=7TeV,46fb" « SM ]
050 [Me68% CL T o2 [e68%CL |
r [J95% CL A [ [J95% CL ]
0.4F i o B
0sf E 02[- ]
0.2; , 0.4 ]
0,1:\"H\HH\HH\HH\HH\HH\: 0.6:r‘H‘\H"m‘H\‘H‘\HH\HH\HH\HH‘;
2015 01 005 0 005 01 015 04 03 02 -01 0 01 02 03 04
L Im[gH/VL]

> First simultaneous measurement of Re [97/v] and Im [9r/v]
No need to assume V| =1 and Im[gr] =0 as in other analyses (eg. W helicity fract. in ff)

» Consistent with SM


https://inspirehep.net/record/1397636
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» ATLAS improved the precision of the measurements at v/s=8 TeV
(Assoc. Wt production; evidence for the s-channel)

» First results for Run-1l data at v/s=13TeV (t-channel production)

» Search for anomalous couplings (by double differential angular decay rates)



Part VI

Appendix



Background Processes

Single-Top production

Top-quark pair production: W+jets:

o
<
o

q' g

(o]
Q U]

| ! 1

S q W v ] w v

» Shape and normaliza- » Shape from MC simulation; normaliza-
tion from MC simulation tion from dedicated control regions
Z+jets & WW/WZ/ZZ production: Multi-jet (“lepton fakes”):

9

e

q z 0 e
)

, jet
q g DS . q w a/ Jet
» Shape and normalization from MC » Normalization from real
simulation data; shape (sometimes)

from simulation



The Matrix Element Method

Computation of event likelihoods

Proton/ Colliding Final Mea
Proton partons state y event x
e
3 _ Transfer
fope(x:) _M(qq»y)) v function W(X.y)
—_— b
b
IME(Y)IP
P(XIH) = Z de1dX22 x1)fi(x2) fdy2):/—xs - Wp(xly)
pe{perms \.—-‘1 __......../2
= d()',‘l /dy

» Compute likelihood # for each measured event X to be
of a certain process type H
» Three building blocks needed
> Hard scattering cross-section do;/dy
> Transfer functions W, (xly)
> Phase space integration f dy



Single-Top s-Channel Production

ME discriminant

» Build ME discriminant for each selected event
Discriminate s-channel against t-channel, tt, W-bb, W+-c + jet, Wjets light-flavour

» Signal probability for given event X:
(Bayes’ theorem)

PSP = Ss P(S)P(XIS)
2s P(S)P(XIS) + L P(B)P(XIB)
» Process likelihoods, P(X|H):
» s-channel, 2 outgoing partons
~ s-channel, 3 outgoing partons
> t-channel (2—3)
> ft, single lepton | di-lepton
> W +2 outgoing light partons
» W+bb
> W+c+1 outgoing parton
» P(H): a priori probabilities given by relative MC event yields
» Signal shape differs from background shapes

-> signal extraction: template fit of ME discriminant distributions



Wi Production at 8 TeV

Fiducial selection

» Define fiducial volume similar to signal

region N

1 Nig Vsig

@fig Nset L
e =

Tfid

Tinc =

Object selection at particle level:

>

v

v

v

Stable particles (r>0.3-107s)
Electrons and muons from W decays
(directly or via T decays)

- b >25GeV, ] <25

~ Correct for photons inside 4R = 0.1
Particle jets using anti-kt with R = 0.4

> p>20GeV, | <25

> Exclude v, leptons from W decays and

pile-up from clustering
> Include underlying event particles
> Jet < lepton overlap removal

Compute E; from v of W decay

Fiducial event selection:
» Exactly 2 leptons
» Exactly 1 b-jet
» £ > 20GeV
At detector level:
in-fid. out-fid.
Wt 25% 10%
tt 75% 90%
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