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Physics with singie top

» Single top-quark production via electroweak
interaction, involving a Wtb vertex .

» Single top t-channel process
» Sensitive to |V,,| (also for tW and s-channel)

» Ratio top/antitop production is sensitive to
the u/d quark ratio in the PDF sets

» Sensitive to b-quark PDF

» Sensitive to the top quark mass

» Sensitive to the Wtb interaction

» Sensitive to the top and W polarisation

» Sensitive to the new physics contributions

s-channel
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tW-channel t-channel
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ATLAS+CMS Preliminary LHCfopWG May 2017
Data 2012, {s =8 TeV, m,, = 172.5 GeV

------ NLO (MCFM),
PDF4LHC (MSTW2008, CT10, NNPDF2.3)
scale uncertainty
scale ® PDF ® og uncertainty

* (stat) £ (syst) £ (lumi)

Gt—channe[

* _ -1
ATLAS (). L =501 - . 951+2.4+17.6+3.6pb

ATLAS-CONF-2012-132

CMS (), L, =58 fb
CMS-PAS-TOP-12-011

LHC combined (Sep 2013)

ATLAS-CONF-2013-098,
CMS-PAS-TOP-12-002

80.1£5.7+11.0+4.0 pb

85+ 4 +11+3 pb

ATLAS, L _=20.2 b
arXiv:1702.02859
CMS, L, =19.7 fo”
JHEP 06 (2014) 090

89.3+1.3+58+1.2pb

83.6+23+7.1+22pb

(*) superseded by results shown below the line
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BASIC SELEGTION (LEPTONIC DECAY) 3

» Event selection (t-channel)

» One isolated lepton

» Two jets, one b-tagged q q

» MET
» Background

/ | Spectator jet, mostly forward ‘

Single isolated lepton
Muon or electron

» Top pair production

» QCD multijet
» W-+jets and Z+jets

Neutrino: Missing
Transverse energy

b-tagged jet

» Specific techniques to suppress background:

» Boosted decision trees

» Neural networks g b | Soft b-jet from gluon sBIitting

» Cut based techniques




CMS

Compact Muon Solenoid

\,| measurement

» Single top quark productions has direct access to Vy,

» V,, has been constrained in all t-channel and tW
channel measurements

» Assumptions:
> BR(t > Wb) =~ 1
> |th| > |th| > |Vts|
» F,, =1 for the SM

meas.

|f V |_ Gt—chan.
Lv 7 | theo .

t—chan.

ATLAS+CMS Preliminary LHCtopWG

Gmeas . .
[Ty Vil = Vc— from single top quark production
theo

Geo- NLO+NNLL MSTW2008nnlo
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
PRD 81 (2010) 054028

AG, .. scale ® PDF
My, = 172.5 GeV

May 2017

-
total theo

[fy Vil = (Meas) = (theo)

t-channel:
ATLAS 7 TeV' L i 1.02 +0.06 + 0.02
PRD 90 (2014) 112006 (4.59 fo™") :
ATLAS 8 TeV | [ 1.028 + 0.042 + 0.024
arXiv:1702.02859 (20.21b™") :
CMS 7 TeV ) e 1.020 + 0.046 + 0.017
JHEP 12 (2012) 035 (1.17-1.56fb™")
CMS 8 TeV y o 0.979 + 0.045 + 0.016
JHEP 06 (2014) 090 (19.7 fo™")
CMS combined 7+8 TeV HeH 0.998 + 0.038 +0.016
JHEP 06 (2014) 090
CMS 13 TeV* 1 —ito+—] 1.03 +0.07 £ 0.02
arXiv:1610.00678 (2.3fb ) :
ATLAS 13 TeV*® . et 1.07 £0.09 + 0.02
JHEP 04 (2017) 086 (3.21b™") :

Wi: :
ATLAS 7 TeV B [ . | 1.03731°+0.03
PLB 716 (2012) 142 (2.05fb ") : e

) Ci , +0.16 +0.03

CMS 7 TeV b e { 1.01 013 —0.04

PRL 110 (2013) 022003 (4.9b™")

ATLAS 8 TeV —t+——i

JHEP 01 (2016) 064 (20.3 o)

CMS 8 TeV' —f———

PRL 112 (2014) 231802 (12.2fb6™")

LHC combined 8 TeV"” I—HH—|

ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019

ATLAS 13 TeV* [

1.01+0.10+0.03
1.03+£0.12 £0.04

1.02 +0.08 +0.04

} | 1.14+£0.24 £0.04

arXiv:1612.07231 (3.21b™")
s-channel:

ATLAS 8 TeV’® P A
PLB 756 (2016) 228 (20.3fb™") i

+0.18

0.93 " 50 0.04

1. . .
including top-quark mass uncertainty
? Go: NLO PDF4LHC11
NPPS205 (2010) 10, CPC191 (2015) 74

including beam energy uncertainty

| 1 | | | | | | | ] 1 1 I

1.2 1.4 1.6 1.8




CMS 221" (13 TeV) 5

CMS
.measurements

CT14

JHEP04(2017)086, Phys.Lett. B772 (2017) 752-776 ABM11

ABM12

i

R S
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MMHT 14 ——t

» R,: ratio of top and anti-top in t-channel
HERAPDF 2.0 ——

» Due to the different u and d quark density of the proton, top cross
section is higher than anti top cross section

NNPDF 3.0 ——

1 1 1 I 1 L L I 1 L 1 L 1 i ll L L 1
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> R, is sensitive to PDF Rich = Or.cn.t/ O

tch.t
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ATLAS \s=13TeV, 3.2 fb"

Measurement result
Ml stat. @ syst. stat.

ABM (5 flav.)
ATLAS epWZ12
HERAPDF 2.0
JR14 (VF)
MMHT2014
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o) ToD Mass measurement

N\

) ATLAS-CONF-2014-055, EPJC 77 (2017) 354

2012 data: s = 8 TeV, L = 20.3 fb-! (ATLAS), 19.7 fb-! (CMS)

» Top quark mass is measured in topologies
enhanced with single top t-channel

» The reconstructed lvb (Ib) invariant mass
distribution is fitted to extract the top mass in CMS
(ATLAS) analysis

|M,, = 172.2 £ 0.7(stat)) £ 2.0(syst.) GeV | )y

My = 172.95 £ 0.77(stat.) & 0.95(syst.) GeV. | mmmm)y

See Andrea’s and Ben’s talks for more detail

ATLAS+CMS Preliminary LHCIOpWG my,, summary, Vs=7-8TeV May 2017
"""" World Comb. Mar 2014, [7]
stat
total uncertainty total stat
My, = 173.34 £ 0.76 (0.36 + o.:e7) GeV My, + fotal (stat + syst) G Ref
ATLAS, l+jets (*) ——e—t 172.31+ 1.55 (0.75 + 1.35) 7TeV [1]
ATLAS, dilepton (*) I—l—-'-l—l 173.09 £ 1.63 (0.64 = 1.50) 7TeV [2]
CMS, l+jets =+ 173.49 + 1.06 (0.43 £ 0.97)  7TeV [3]
CMS, dilepton — 172.50 * 1.52 (0.43 * 1.46) 7TeV [4]
CMS, all jets ——ie—— 173.49 + 1.41 (0.69 + 1.23) 7 7Tev 5]
LHC comb. (Sep 2013) = 173.29 +0.95(0.35 +0.88) 7 TeV [6]
World comb. (Mar 2014) - 173.34 + 0.76 (0.36 £ 0.67) 1967 TV [7]
ATLAS, l+jets H——+H 172.33 £ 1.27 (0.75 £ 1.02) 7TeV [8]
ATLAS, dilepton I—[—-—l—l 173.79 + 1.41 (0.54 + 1.30) 7 TeV [8]
ATLAS, all jets F—s—— 17512 1.8 (1.4 + 1.2) 7TeV [9]
ATLAS, single top I —a—t { 172.2+ 2.1 (0.7 £ 2.0) 8 TeV [10]
ATLAS, dilepton = 172.99 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets ——t 173.72 £1.15 (0.55 £ 1.01)  8Tev [12]
ATLAS comb. (f;;:fs Zgl‘f H=+ 172.84 +0.70 (0.34 £ 0.61) 7.8 7TeV [11]
CMS, I+jets HeH = 172.35 + 0.51 (0.16 + 0.48) 8 TeV [13]
CMS, dilepton e 172.82 £ 1.23 (0.19 £ 1.22)  8Tev [13]
CMS, all jets HeH 172.32 £ 0.64 (0.25 + 0.59) 8 TeV [13]
CMS, single top H—t 172.95 +1.22 (0.77 £ 0.95)  87TeV [14]
CMS comb. (Sep 2015) Al 172.44 +0.48 (0.13 £ 0.47)  7:87TeV [13]
i [1] ATLAS-CONF-2013-046 6] ATLAS-CONF-2013-102 [11] Phys Lett B761 (2016) 350
(*) Superseded by results {Z} jglEéig :;EZ%;W g]l gi‘;;;: 34047?;2015\ 330 {li} :rhx‘sl ;:S?Dog?::me)wzom
shown below the line Bl i reicrninos  LOATLAS coN so1a0ts. e
co oo e L1 TR R R
165 170 175 180 185

Miop [GeV]




<M>' Top quark polarization q' ;

JHEP 04 (2016) 073 W
2012 data: s = 8 TeV, L=19.7 fb! , ¢
» V-A nature of the SM predicts large top polarization, P, along the g B ‘g
direction of momentum of the spectator quark in the top rest frame {
» Distribution of top decay product with respect to this direction follows bi P[4 qL
<=/ =
1 do 1 i ﬂx )
; d cos 6% = 5 + AX COS OX Q’1 (Spectator quark)
X
» Where Ay="2 P, 0y _ _ 2jetsitag 19.71b" (8 TeV)
» P degree of polarization ~ 90% for spectator jet direction o 3888 « Data
% 6000 B t-channel
> 0 spin analyzing power ~1 for lepton © 5000 Bl s-ch./tW
L 4000 ot
» Top polarization can be extracted from asymmetries (A,) 2888 E\,\/ﬂvﬁﬂ? oson
1000
Ax = 1P ax = YD =NW) 2 iz - Total syst.
2 N +NW) o
0.6

> BDT selects ~50% pure t-channel sample S0TT08 00 BDITIV\;/L:O



¥ Top quark polarization o aemewes
‘2 1200 CMS BDTwat > 0.45 q . Data
©» 1000 — [ t-channel
g: 800 E- 3l s-ch.tW
> Reconstruct cos(0%), subtract background (W+jets largest) " eoof B
400 E B W/Z{gllboson
» Data is unfolded at parton level to correct for efficiency and 200 | B Multjet
resolution. Q| OF A =\ Total syst.
» Dominant systematics from JES and background subtraction % o Wﬁm s
- : R R T Y R TR
» A smaller slope than expected is observed (SM predicts Au ) ' ' ' ® coso
— 044 unfolding a
— U ) CMS w+jets, t+1, 19.7fb" (8 TeV)

& 1 __POWHEG (5FS) +Pythias

8 0.9 - aMC@NLO (4FS) + Pythia 8 -

S 0.8 = CompHEP + Pythia6 E

E E e Unfolded data PR

A, =0.26 + 0.03(stat.) + 0.10(syst.) SO Tea i * i
b OF ]

N - -

> 0'5§ i L wt §

0.4 - ¥ .

0.3 —

» Compatible with a p-value of 4.6% (equiv. to 2 sigma) 02F E
015 N

ob v b b b Lo b by b Lo

-1 -08 -06 -04 -02 0 02 04 06 08 1

Unfolded cos6;



CMS wne“citv JHEP 01 (2015) 053

2012 data: s =8 TeV, L=19.7 fb-!

b < o 1168 direc-
R . . . oy “H t
» W from top decay is produced with different helicities, can be on of top
measured by 0.": angle between W in top frame and lepton in W frame
1 dr 3 3 3
—_ 2 : 2 = *\2
cosf;) = - = -(1—cosb;)"F + ~sin“0; F + = (1 +cosb;)° g,
o ¢) I dcosf? 8( ¢ 4 ¢ 8( ‘)
» In SM, F, ~ 70%, F| ~30%, F; ~0
ATLAS+CMS Preliminary LHCIOpWG May 2017 K
» F,, Fy and F| can be extracted through a fit to the M Theory (\NLO QCD) . F, F,
COS(GI*) distribution ——N—A— Data (F /FL/FO)
. . . . ATLAS 2010 single lepton, {s=7 TeV, L _=35pb’ ! H——HH———H
» The left-handed and longitudinal polarizations ATLAS OONF-2011.057 1
d f t . the ﬁt ﬁ{'lélgégez(g)l;)osgggle lepton and dilepton, Ys=7 TeV, L =1.04 io} HimH HaH
are treated as free parameters n .
CMS 2011 single lepton, s=7 TeV, L _=2.2fb’ HeH H——-H
CMS-PAS-TOP-11-020
» Right-handed polarisation fraction is extracted LHC combination, (3T 1oV, os i
. . ATLAS 2012 le lept Vs=8 TeV, L —202fb1 faf
from the condition: F; +F,+Fy=1 Eri o onr ) A
CMS 2011 single lepton, s=7 TeV, L =5.0 b
JHEP 10 (2013) 167
F, = 0.298 £ 0.028 (stat) £ 0.032 (syst), QMS 2012 single top, ¥s=8 TeV, L, =19.7 f&r T
Fp = 0.720 = 0.039 (stat) =+ 0.037 (syst e 1 T
0= : (S at) ) (Sys )’ CMS 2012 dileplon, {5-8 TeV, L ~19.7 fo” b
Pl{ —_ _0'018 :,: 0_019 (Stat) :l: 0_011 (Syst), * superseded by published result | | | | | | l |
0 0.5

W boson helicity fractions




< _ _ 10
&) Anomalous Wth interaction

» Single top quark production process can be used to search for new physics (f q

» General effective Lagrangian of Wtb vertex

B — —l.O"uV Y —_—
L = ——by* (VLPL + VRPR)IW, — ~b=—2* (g, Py + grPR) tW +h.c. Wb vertex
V2 V2 mw 2 t

» Anomalous couplings in the SM: V; =V ; Vy =g, =g, =0
» If anomalous couplings are non zero: evidence of new physics
» If imaginary part of anomalous coupling is non zero: evidence of CP violation

» The increased statistics for single-top at LHC allows measurement of multi differential decay rates of the top
quark.



Spin ohservables and asymmetries

JHEP04 (2017) 124

1

2012 data: s = 8 TeV, L =20.2 fb! W momentum in top rest frame

» Top and W polarization observables can be extracted from asymmetries in
various angular distributions of the decay products.

» the spin-density matrix elements for the W-boson helicity components can be
parameterised in terms of expectation values of six independent spin

observables ‘
> Inthe SM | N

“ - —

» <S,>=-0.31 and <T,> = -0.43 (related to W helicity) N =& xqand T = gx N,
» <§,>=0.46 and <A > =0.23 (related to top polarization)

» <S,>=0and <A,>= 0 (related to top polarization — sensitive to Imgg) T (&)
1 dI’ 3 (2 1
= = {24 —(To)(3cos?0: —1)+(S 6
T d(cos 64 87r{3+ \/3< 0)( cos” 6, )+( 3) cos 6,

+ (S1)cos¢,sinb, +(S2)sing,sind,

— (A1)cos¢,sin26, —(Az)sin ¢, sin 29}} :

Top spin dir

q (%)

Lepton
momentum in
W rest frame



@ Snin observables and asymmetries

» Selection cuts on [n;[, An(j,b), m(lvb), Hy(Lj,MET) are use to enrich the

signal region

» The polarisation observables are extracted from asymmetries in angular

distributions

ArB =

N(cos@ > 0) — N(cosd < 0)
N(cos8 > 0) + N(cos < 0)’

N(|cos @] > %) — N(|cos | < %)

N(lcosf] > 3) + N(|cosb] < 3)

Asymmetry Angular observable  Polarisation observable = SM prediction
ALy cos 6, TaeP 0.45

A cos Oy cos 0} 3P(Fr + FL) 0.10

AFs cos 6} 2(S3) =3 (Fr - FL) -0.23
Apc cos 6 3 KT = 5 -3F)  ~020
AL, cos 67 2(S1) 0.34

AN, cos 6 ~3(S2) 0

ALY cos 6 cos ¢ ~2(Ay) ~0.14
Agﬁp cos &, cos ¢y, %(Az) 0

n

—

en

>

E

Events /0.5

10000

5000

® Data 2012

S ATLAS
q

— Vs=8TeV, 202" |
B Signal region ]
I W+ijets

[ vV . Z+jets

I Multijet
777) Stat.+Multijet unc.

0
; 1.05
- [ ////%W/W%WWWM
-1 -08 -06 -04 -02 0 02 04 06 08 1
cosf,, coso,*
(b)
A LI IR BN B LR BLRLELEY BLELELEY B AL B B
® Data 2012 ATLAS
6000 - =f:,,‘,,—, s=8TeV,20.2fb" |
B £ Signal region
I W+jets
[ WV Z+jets
B Multijet
4000 - 777 Stat.+Multijet unc. ]
2000
0

slu %%/WW%///%////}/%/////W 2 // //////////%///%

-1

208 06 -04 02 0 02 04 06 08 A
cose*

12



Spin ohservables and asymmetries

» Measured angular distributions are unfolded at parton level after
subtracting the background contributions

» Angular asymmetries extracted from the unfolded distributions.

» Dominant sources of uncertainty: data statistics, t-channel and ttbar
modeling and jet energy scale.

» Results in agreement with the Standard Model predictions.

apP = 0.97 £ 0.05(stat.) & 0.11(syst.) = 0.97 £ 0.12,
P(Fr + F,) = 0.25 + 0.08(stat.) £ 0.14(syst.) = 0.25 + 0.16..

» Limits on Im (gy) extracted by combining two particular asymmetries:

Im (gg): [-0.18, 0.06]

See Nuno’s talk for more details

lllllllllllllllllll

lIIIIllIIl Ill | I | |

ATLAS
\s=8TeV, 20.2 fb"

— <S>
oy <T>
e <S>

—-o+— <S>

@ <A>

¢ SM prediction — i <A>

— Stat. uncertainty
— Total uncertainty

-06 -04 02 0 02 04 06 08
W-boson spin observable

T I T T T | T T T

ATLAS
Vs =8TeV, 20.2 fb' e AL
- A
—e — A
ot Aco
Hed At

— @ AlB

¢ SM prediction N,o
o4 P . Ars
— Stat. uncertainty :
——o — Total uncertainty Ars

Il I L 1 | | 1 1 | 1 1 Il [ Il 1 L I

-0.4 -0.2 0 0.2 0.4 0.6

Angular asymmetry

13
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&) Triple-differential angular decay rates . ... i oo e sume

¥ arXiv:1707.05393 - submitted to JHEP
2012 data: s = 8 TeV, L = 20.2 fb-! AT

» t-channel cross section can be written as a finite series of Spherical Harmonics:

178
1 2
]. m
9 0 P Ak 1.m (0 9 )
00.6.4'5P) = Nd(cos e)dQ* Z‘o ,Z; Z‘k 00 Lepton
g momentum 1ir

-
-
-
-

M}Y(6,6%,¢") = V27Y['(6,0)Y]"(0", ¢"). - W.rest frame

» The model is based on the angles 0, 6* and ¢* i
» An angular analysis of the triple-differential decay rate is performed in order to determine generalised helicity
fractions and phases, as well as the polarisation of the produced top quark.

g B L LAl mua s w g I e o e e B B o L A e 81000—L‘A'11L‘A's'|"'"'\"‘|"‘¢|'[‘)'t|"'|"'|"4—
: E ATLAS ¢ Data g C ATLAS ¢ Data 7 ; C ata 7]
° 800F Vs=8TeV, 202 b B t-channel e 700:— (s=8TeV, 202" I t-channel — e [ Vs=8TeV, 202" [ t-channel i
£ 700E- Signal region I {7, Wt, s-channel i) E Signal region I 7, Wi, s-channel ] £ 800} Signal region W {7, W, s-channel —
= = Wheavy-jets $ 600 W-heavy-jets = @ r %+Pe|z1alvy-{ets ]
D 600F . W-+light-jets o E Bl W-lightiets ] o L B W+light-jets ]
E [ Z+jets, diboson F [ Z+ets, diboson = o I Z+jets, diboson —
= B Multiet 500 B Multiet E 600|— I Muljet ) —
500 W MC stat. + multiiet unc. 4005 Nz MC stat. + multiiet unc. | B Wi MC itat- +multjet unc.
= = ¢ = L ; i
4()0E 300i ] 400— ]
3001 B E C i
2005 200 200 3
= = ) N
100E- q
I e e S S breeees S qoEd T
o 125, ° 12 4 a 4 ERRY Yoy
% 1E ,d};f/z//;/,yﬂ)fw/////‘/&w//é‘ it +ﬁ b b "é % 1%}‘/ﬁmy/z%/‘ﬁwyﬂ/y*‘//(/»tw/fwﬁy)/ﬁy/;ﬂ/%ﬂ/ﬁ#;ﬂﬁ&&ﬁ/%/%’)///é 3 0 81 Z LaKs @mffl/zﬂ*‘/’*fw) Wj%//%#// 3// Adbihib '*’“Wﬁ(’%
% 08k =  0.8H < i
© E © ¢ =) o b b b b by b b b e
I} = o PN RN U AR EETETN AR RS SRR AT BN
1 0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 -1 -08 -06 -04 -02 0 02 04 06 08 1 0 02040608 1 12 14 16 1'84)*/:

cos(6) cos(6")



Snin observables and asymmetries 3o I
2 " {s=8TeV, 2021 e SM -
04F W68%CL
0.35F 95% CL
> Systematics are dominated by MC event generators and JES 0.3 E
0.25F =
> Statistics are also dominating the total error 0.2E E
» Search is only sensitive to coupling ratios 015 E
0.1 =
» All of the measured values are in agreement with the SM 0.05 _i
expectations. SRRV R RV
0.1 . 03 04 05 06
IV /v,
9gRrR grR — 02 e
Re[v—] € [-0.12,0.17] and Im[v—] € [-0.07,0.06]. s OASIOANE | | P
L L 2 0.15 {s=8TeV, 202 b e SM -
= - W 68% CL 1
IVrR/V1| < 0.37 (95% CL) , 0.1 95% CL
0.05F -
lgr./ V1| < 0.29 (95% CL), o =
. . ~0.05F- s
» A three angle analysis is needed to fully describe the top - .
production (polarization) and decay 0.1 =
" 1

. ||||||||||||||I||||I||||I||||I||||I||||
| See Nuno’s talk for more details | *1%03 018 <01 005 0 005 01 015 02
Re[gRNL]



<> | Anomalous Wth interaction

JHEP 02 (2017) 028

2011 data: s =7 TeV, L =5 fb!
2012 data: Ns =8 TeV, L=19.7 fb-!
» A search for anomalous Wtb interactions at 7 and 8 teV

o3, W
€k © (fkPL+ fRPr) t+hec,

V2 Mw

g - —
8= Jb" (AP + PR W,

Only muon channel is analyzed
A neural network for rejecting QCD events is used
Three dedicated neural network for separating events from
anomalous interaction from SM events are used

> (AR

> (BAED)

> (BAED)
» Also stringent limits on top-quark-gluon FCNC couplings are set
using dedicated neural networks (See Kirill’s talk).

VYV VY

Events/0.02

x10°

19.7 b7 (8 TeV)

4/ Dibosons

}.hf.if!.!fttfztt,T!.‘_.f. .ff:t.f.tf:f.t.'.:tross.f_.o ¢,+ ...... x

1| W+QX (UE)

B { channel
[ ]schannel
C]tW

ot

B W-+light
W+
B W+QQ

Events/0.02

0

x10°

06 08 1.0 ] Multijet

fofy Wtb BNN

19.7 b (8 TeV)

B Drell-Yan

B ¢ channel
] s channel
CItW

ot

B W+light
W+
B W+QQ

- 'A I W+QX (UE)

-/l Dibosons

4| Drell-Yan
U] Multijet




CMS /! - -
| Anomalous Wth interaction

decay of the top quark 1s considered

The presence of anomalous Wtb couplings in both the production and

» Two and three of four anomalous couplings are considered
simultaneously in two and three dimensional scenarios
» Limits are extracted from a simultaneous fit to the SM BNN and
anomalous Wtb BNNs outputs
» Only real parts are constrained
Scenario ‘ fos | o< ‘ e | e
Vs =7 and 8 TeV
() 097 (092 R8O B T
(G f ) 0192:0.97) 0.10 (0.14)
Giaa) 0.94 (0.93) —0.046 (-0.050)  0.046 (0.041)
(& = () 008097 0.057 (0.10) | —0.049 (-0.051) 0.048 (0.046)
(fL, /R, R 1 0.98 (0.97) | 0.16 (0.22) ~0.049 (-0.049)  0.039 (0.037)

11

5.0fb™ (7 TeV) + 19.7 b (8 TeV)

14

<= CMS [ 195% CL observed
1.3 [ 68% CL observed
1.2}=

- 95% CL expected
™, —— 68% CL expected

_/‘/
0.7
1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 J 1 1 1 1 l 1 1 1 1 I 1 1 1 1
06 0.1 0.2 0.3 0.4 0.5 0.6 0.7
R
Ifyl
5.0fb™ (7 TeV) + 19.7 b (8 TeV)
14
<z - CMS [ 195% CL observed
1.3 ;— [ 68% CL observed
12F

:— —— 68% CL expected

- 95% CL expected

045 0.2 025 03
L
I



CMS, ! 18
L suummary

The ATLAS and CMS experiments have deeply studied the top quark properties in single-top production

Unique features of the electroweak top quark production are exploited in order to search for new physics in
Witb interaction

Strong limits are set to the Wtb anomalous couplings, especially imaginary part of g; coupling
The top-quark polarization has been measured by both experiments using single top events

Large cross section of the single top t-channel and tW-channel at the 13 TeV LHC and larger statistics in
Run-2 datasets allow us to measure top properties more precisely.

Thanks for your attention



