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quark cross-sections and results on |V, |
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&/ Single top-quark production
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* Production via the weak interaction
. t
q q q b J

s-channel Wt-channel

| b
q t b W=

t-channel

g
0, 1oy = 64 pb (4.6% unc.) O, 1oy = 4.6 pb (4.3% unc.) O, 1oy = 16 pb (7.0% unc.)
Og oy = 85 pb (4.4% unc.) Og oy = 5.6 pb (3.6% unc.) Og 1oy = 22 pb (6.7% unc.)

PRD 86 (2012) 010001 PRD 82 (2010) 054018 PRD 81 (2010) 054028

* Final state: Lepton + E; ., + two to three jets (one or two b-tagged)
* In case of Wt production: Dilepton + E; ., + one b-tagged jet
 Main backgrounds are W+jets production and top-quark pair production
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CMS

‘CMS‘ Prellimin'ary ' '

* Single top quark production via t-channel: ° | sigetop-quark producton
largest cross section @LHC

 Checks of the Standard Model:
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Approx. NNLO Kidonakis, PRD 83, 091503 (2011)
CMS, JHEP12(2012) 035

Lol

CMS, JHEP06(2014) 090

Ratio of u- and d-quark PDF
Measure R, = o,(t)/o,(t) 10" o O, s 10

A CMS, Phys.Rev.Lett.112, 231802 (2014)
Approx. NNLO Kidonakis, PRD 81, 054028 (2010)
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Vs [TeV]

q Q@
Direct measurement of W
|V,,|? (o cross section) == > Vv
Unitarity test of CKM matrix b t == Top quark properties:
Measurement of o,(t+t), g P b Polarization, py, rapidity

RN

extract [V | Measure differential

distributions
Test of the b-quark PDF
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&) Cross-section measurements
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ATLAS and CMS worked consistently in Run 1
on the t-channel single top-quark cross
sections.

| T I T | T | T T T T
" ATLAS Preliminary July 2014 7]

G [pb]

I t-channel single top

102

antitop ]|

Latest results:
e CMS, 8TeV, 19.7 fb1: JHEP 06 (2014) 090
— o(tg) =53.8 £ 1.5 (stat.) + 4.4 (syst.) pb -> 9% ol Twsmeoiopor T T T
— o(tq) =27.6 £+ 1.3 (stat.) + 3.7 (syst.) pb->14% > ° * ° ° ©° " ® 7 F
— o(tg+tq) = 83.6 + 2.2 (stat.) + 7.4 (syst.) pb -> 9%
 ATLAS, 7TeV, 4.59 fbl: PRD 90, 112006 (2014) r~ -~ -~~~ ~==7~ ,
I Dominant
— o(tg) =46 £ 1 (stat.) £ 6 (syst.) pb > 12% | Uncertainties:
— o(tg) =23 + 1 (stat.) + 3 (syst.) pb -> 16% : + Jet energy .scale
—_ t = _ % |
o(tg+tq) =68 £ 2 (stat..) + 8 (syst.) pb >.12./ | (forward jets)
e All results agree well with the SM prediction I, signal modeling
within the total uncertainty. '

® 4.59 fb arXiv:1406.7844
¥ 20.3 fo' ATLAS-CONF-2014-007

I stat. uncertainty

NLO+NNLL at m = 172.5 GeV, PRD83, 091503 (2011)
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* Fiducial cross section reduces the extrapolation uncertainties from the measured
region to the inclusive region, which are determined from Monte Carlo

* Cross section measured within the detector acceptance
* Fiducial region defined as signal region, but using particle-level objects
* 0.4(tg+tg) =3.37 £ 0.05 (stat.) £ 0.48 (syst.) pb -> 14% uncertainty

* Reduction on signal modeling
uncertainty of about 3%

e Provides feedback to the
generator community

* Fiducial cross section can be
extrapolated to the inclusive
cross section using the
acceptance of the different
generators and the BR(t->Wb)

ATLAS CONF- 2014 007

T T T L
ATLAS Preliminary det 20367 1528 TeV

ATLAS result I :;:
[Jstat. ® sys. [ |stat. :

Predicted fiducial cross-section:

aMC@NLO(2—3)+Herwig i

Powheg(2—3)+Pythia6 ———t

Powheg(2—s3)+Pythia8 s

Powheg(2—2)+Pythia6 —a—H

AcerMC+Pythia6 u=172.5 GeV F——t——m :

AcerMC+Pythiaé u=60 GeV —

U SR TR T R S NN S T T TR N ST TN T T (SN T T - RO T T .
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Top-quark to top-antiquark CMS
production

* Charge of the top quark corresponds to G:::ufemem el — Jrasason s AL
type Of |n|t|a| I|ght quark q [Jstat. @ sys. [ ]stat. Y
ABM11 (5 flav.) |—-|
8$18 (+ DO W asym.) —e—i
GJRO08 (VF) ——— :
HERAPDF 1.5 —
. = o,(t)/o,(t) sensitive 8 NISTVi003 (aetk CL) .
toratloofu and d-quark PDFs 15'"'1'6'."'1'7"'H'é"'_;é"'é'i"z'1""2'é'
*  Momentum fraction of light quarks in single ' ' ' ' ' ' B
top-quark events: CMS, ls=8TeV,L=t07f" t
0.02<x<0.5 vs | | Rl
1.95 +0.10 (stat.) £ 0.19 (syst.) u
ABM [
Results on ratio R;: Cmﬂ |
e R,=2.04%0. 13 (stat.) £ 0.12 (syst.), 8.7%, ATLAS, 1o .
7 TeV, 4.59 fb-1 PRD 90, 112006 (2014) v i
« R,=1.95#0.10 (stat.) £ 0.19 (syst.), 10.9%, CMS, | " =
8 TeV 19.7 fb1: JHEP 06 (2014) 090 MSTW2008 e
* Both results are comparable even though done at | "NPPF23 N
diﬁerent energies 1 — 1.‘2 — 1.|4 — 1!6 — I1.I8 _— é = I22

* Measurements can profit from more data
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CMS

(o> , ,
("@' t-channel single top-quark production

A
* Single top quark production via t-channel: largest cross section @LHC

* Checks of the Standard Model:
Ratio of u- and d-quark PDF

q / qv Measure R, = o,(t)/0,(t)

|
Direct measurement of W
|Vy, |2 (a cross section) - )/
Unitarity test of CKM matrix b t Top quark properties:
Measurement of o,(t+t), - b Polarization, py, rapidity
extract |V, | Y b

Measure differential
distributions

Test of the b-quark PDF

t-channel events in LHC Run 1:
7 TeV: ~5500 events (ATLAS, 4.6 fb1)
8 TeV: ~10000 events (CMS, 19.7 fb1)

&Y 0y
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Differential cross section

e Use a multivariate discriminant to define a
high purity region

e Measure differential cross section as

function of p4(t), p(t), |y(t)], and |y(t)|
(ATLAS) or p,(t+t) and |y(t+t)| (CMS)

CMS
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Results on differential cross sections
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Results on differential cross sections

CMS Preliminary 19.7 fb'' (8 TeV) CMS Preliminary 19.7 fb' (8 TeV)
'— _IIIIIIlIlIIIIII[III[III[III|lll|lll[l|l|lll|lll_ = |||||||I|||I|||[|lllll'[lllllllllllllllll:
§ n » Data . 50.35 » Data —
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: 0.1
0'1;_ 0.05 .
oL ot — CMS, 8 TeV,
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ol 05 i £ .
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e All distributions from ATLAS and CMS agree well with SM
predictions

 Measurements still limited by data statistics and background
modelling -> precision at best around 10%

PR,

Gasd UNIVERSITY OF

Kathrin Becker SM@LHC Florence, 22.04.2015 10




Polarization of the top quark

CMS

x10°

800 :— igfgﬁm (tfganﬁé,) -------- cMS p.reliminary S=8TeV, L =20 "] (3“ o lcr:ns ;I>rellimi;lar;' \{§I= E; Ta;v, IL =I20Ifn-'l -

: :?7"8"“"' Mon channel, 217 BOT>000. | A=0.42+007 (stat) £ 0.15 (syst) 1 CMS, 8 TeV,
GOO;EZDYZOSOH R 200" e Generated (FOWHEG) 1 20M-
ol casaesys E : %generated (CompHEP) : CMS PAS

: Muon + TOP-13-001
00k channel ___,+___, 1

100 -

T e _ e T T
20— Toosty 21 T Himxcost)
§OZ._|_—|)—,—|——H LI BN RN TE T ST S S SN ol i1 Ll L |
20 X S DU S U U BN I -1 0.5 0 0% sor

CMS measured also the top quark polarization in single top-quark events

-> 100% polarized, V-A coupling structure

cos 6*(lepton, untagged jet) is unfolded to access the top quark spin

asymmetry. e+ combined result: A, =0.41 + 0.06 (stat.) + 0.16 (syst.) -> 41%
Polarization: P,=2 A /o, =0.82 £ 0.12 (stat.) + 0.32 (syst.) assuming that the spin

analyzing power of the lepton a, is 100%.

Uncertainty is dominated by systematic uncertainties
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CMS \l_ 8TeV L= 122fb it s

CMS

g t

Both, ATLAS and CMS measure Wt production in the
dilepton final state with one additional b-tagged jet

and in case of ATLAS a significant amount of E

T,miss

Boosted Decision Trees are trained to separate the

signal from the dominant tt background
Important variables:
— number of loose jets (p;(j) > 20 GeV, |n| <4.9)

— vector sum of all transverse momenta in event p;*¥
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* Uncertainty on
inclusive cross section
of 23% (21%) for CMS
(ATLAS), dominated by
systematic
uncertainties
-> tt and signal
modeling

A top-quark production

() Cross-section of W-associated single

CMS

ATLAS+CMS Preliminary TOPLHCWG September 2014
Data 2012, /s =8 TeV, m = 172.5 GeV

------ NLO+NNLL (arXiv:1210.7813)

MSTW2008,,,, o
scale uncertainty
scale ® PDF uncertainty

ATLAS, L =203 fb
ATLAS-CONF-2013-100

CMS, L =122 fo!
PRL 112 (2014) 231802

LHC combined (Sep. 2014)

ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

-

— stat. uncertainty
— — — total uncertainty

o,y T(stat) *(syst) *(lumi)

e 272+19+43+08pb | 4.2 C

A 234+19+46+06pp |0.10

Observation

— o — 25.0 +1.4 £4.4 £ 0.7 pb

Effect of LHC beam energy uncertainty: 0.38 pb

(not included in the figure)
coa v v b Ly
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CMS

&) Extraction of |V, |

Assumptions for |V, | extraction from the t-channel and Wt-channel cross sections:
* Vil >> IthI, | Vis|

 BR(t->Wb) =
 Witbinteraction is a SM-like left-handed weak coupling
Determination of |th| JCHMESPt1c2h(270%;/035I S |_‘_._| o
o |Vul?= c(tq+tq)/0theo(tg+tq) g:::izjo{gogoso —T
e CMS, 7 and 8 TeV combined, t-channel: j\TLAS‘)iQh07T)e°V9°

|V, |=0.998 + 0.038 (exp) + 0.016 (theo) ->4.1% E?Eiglﬁi%fﬁf@ '—H
e ATLAS, 7 TeV, t-channel: VS W 7 Te -

|V, |=1.02 £ 0.06 (exp) £ 0.02 (theo) ->6.2% gfg;sjgvggggﬁfg .
Limit: CMS tW-ch. 8 TeV | .

. PRL 112 (2014) 231802 ! =~
* Flat prior between0and 1 ATEAS-CONF-20131100
. ATLAS+CMS tW-ch. 8 TeV | .
° Assumptlon, that |th| <1 ATLAS-CONF-2014-052
« CMS: |V, | >0.92 at 95% C.L. B8 BT o T
e ATLAS: t\b/ > 0.88 at 95% C.L 0.6 07 o8 09 1 11 '112‘\/'
|Vl >0.88 2 0 bk courtesy of Matthias Komm Yl

. e LT . B(t - Wb)

Additional measurement of |V,, | in ft events via: =, = B( /B(t S Waq)
* Most precise value, BUT assumption of unitarity of the CKM matrix

Kathrin Becker SM@LHC Florence, 22.04.2015 14




CMS
s-channel single top-quark production

Compact Muon Solenoid

* Due to the small cross section of s-channel single top-quark production, there
has been no evidence of the production in LHC Run 1 for the time being

* Both ATLAS and CMS have performed a search with the full dataset at 8 TeV
 BDTs are trained to separate signal from background
 The observed (expected) significances are 0.7 (0.9) for CMS and 1.3 (1.4) for

ATLAS
* Upper limits are set on the cross section of 11.5 pb (CMS) or 14.6 pb (ATLAS) at
(o)
95% C.L. ATLAS, 8 TeV, 20.3 fb'! PLB 740 (2015) 118
CMS, 8 TeV, 19.3 fb'l CMS PAS TOP-13-009
2500 T CMS Preliminary, 19.3 fb ', Muons, ys =8 TeV
% ‘ ATLAS . \i| g;tgle top s-channel 8 - ] +data
g 2000} \s=8TeV,20.31fb = tS?mgle top t-channel,Wt ] % 1000 C ] [Js-channel
KT o Wﬂetsd'b 5 E E Bt-channel
1500 S i o 1 & 800 — 0w
2w Uncertainty C i Dl{
1000 600 — T WZ+jets
C 1 lW+jets
500 400 — - lDiboson
C - Qco
= - Ei|Syst. .
= o} 1...,/,.,,,‘,,p,//bmgw9///‘///4'//.///,////y///yxﬁxxﬁxxxyxm/w//? E - .;.;:-:-:::::: It .
Ooosb o 0 0 e 05 :
-1 -08 -06 -04 -02 0 02 04 06 08 1 -07 -06 -05 -04 -03 -02 -01 0 01 02
- BDT response BDT Discriminant e

Kathrin Becker SM@LHC Florence, 22.04.2015 15




CMS

"{'{O Prospects for LHC Run 2

A
Cross section ratios of 13 TeV to 8 TeV: _

t-channel 2.6
Wt-channel 3.2
* t-channel:
, _ , s-channel 2.0
— Measurements of top-quark properties will gain
from improved statistics tt 3.3
-> more bins
-> smaller statistical uncertainty
— Maybe possible to look at the spectator b-quark
 Wt-channel
— Will still be challenging as tt background increases with the same
fraction
— BUT will profit from more statistics
e s-channel:

— Evidence or observation with more luminosity?
-> will remain tough

Sea UNIVERSITY OF
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CMS

&/ Conclusion

R
A

 Both ATLAS and CMS have performed
extensive measurements of single top-
quark production in Run 1

* In t-channel single top-quark production
an uncertainty ~10% has been achieved
for the inclusive cross section

* High statistics allow separate 4
measurements of top-quark and top-
antiquark production as well as g
differential measurements of top-quark . e e ———
properties s [TeV]

* First fiducial measurements have been
performed

 Wit-channel single top-quark production has been observed for the
first time

* Run 2 will see improvements of current as well as new exciting
measurements

T T T T T T T T T T T T T T
- ATLAS +CMS Preliminary TOPLHCWG ™ é%@os(ztéwcmqggéa ATLAS-CONF-2014-007
B CMSt

100 | Single top-quark production Jan2015 = Jhgeis

PPPPPP

80

60

Total inclusive cross-section [pb]
IIIIIIIIIIIIII'I
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~
o
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Details on the fiducial region used in
ATLAS-CONF-2014-007

* Stable particles = particles with a lifetime > 30 ps
* Particle-level leptons (e, u and neutrinos):
— reject leptons from hadronic decays
— request a W boson decay
— accept leptons from t decays in W boson decay
— e, W are dressed with photons within a cone of AR< 0.1
* E;™ss is the vectorial of the selected neutrinos
* Particle-level jets:

— reconstructed using Anti-k, algorithm with the FASTJET package with a
width of R=0.4

— all stable particles are used for clustering except for the selected leptons
— b-tagging is done by B-Hadron matching within a jet
* Alepton overlap removal is applied if AR(jet,lepton)<0.4 (as for
reconstructed selection

* All cuts on the reconstructed phase space are also applied to the fiducial
phase space

Gaad UNIVERSITY OF
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Details on the parton-level top- CMS .

qguark definitions in ATLAS and CMS

 Both, ATLAS and CMS, show measurements unfolded to
a parton-level top quark for measurements of the top-
quark properties

e 7 TeV ATLAS measurement uses Powheg+Pythiab as

generator, top quark is taken from the pythia particle
record as the particle with abs(pdg_id)=6

e CMS does the same for their 8 TeV measurements

Kathrin Becker SM@LHC Florence, 22.04.2015 20
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&/ The future: pseudo-tops

R
|

CMS/|

* Both ATLAS and CMS plan to unfold to particle-level
“pseudo-tops” in their future differential cross section
measurements.

 Here, the decay products at particle-level are used to
reconstruct the “pseudo-top”

* Both experiments have presented results for differential
measurements of tt production unfolding to the
“pseudo-top” -> see previous talk
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