SM and BSM physics in
single top quark at the LHC

LHCP2017 May 15-20, 2017. Shanghai, China

C. Escobar on behalf of the ATLAS and CMS Collaborations
Instituto de Fisica Corpuscular (IFIC) - CSIC/UV

AN C s ] C EXCELENCIA
‘ C”:f:: SUPERIOR DE INVESTIGACIONES CIENTIFICAS SEVERO
= g"@;ﬂ%\m [VERSITAT OCHOA

S € D VALENCIN D




Contents

» Single top-quark production cross-section:
* s-channel (evidence at 8 TeV).
* tW associated production (8, 13 TeV).
* t-channel (inclusive at 8 TeV and fiducial at 13 TeV)
* |Vin| measurements (8 TeV).
t-channel differential (8, 13 TeV).

« Search for SM tZqg (8 TeV).

* Top-quark polarization, W boson spin observables measurements and searches for
anomalous couplings (7, 8TeV).
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Single top-quark production

The top quark was discovered by CDF/DO, at Fermilab in 1995.

The single top-quark production was discovered in 2009 by CDF/DO0O and observed in 2011 by ATLAS/CMS.
» Three production mechanisms (@ LO):

s-channel

Oton (8 TeV) = 87.7 774 pb owt (8 TeV) = 22.4 + 1.5 pb Osch (8 TeV) = 5.6 £ 0.2 pb
Oron (13 TeV) = 217.0 +371 ob owt (13 TeV) = 71.7 + 3.8 pb Os-oh (13 TeV) = 10.3 £ 0.4 pb
Golden channel Observed at the LHC Challenging at the LHC

Why is the single top quark is interesting?

Probe Wib vertex: V| and V—A structure.

Top quark is polarised.

Production modes sensitive to new physics.

Wtb anomalous couplings / FCNC.,

Constrains PDFs and tune MC generators.
Background for searches in Higgs and SUSY analyses.
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Search for the s-channel production cross-section (7, 8 TeV) See Kevin's slides  &5) 8

EXPERIMENT [f

q ¢
5.1 o7, 7 Tev s-channel W
19.7 fb!, 8 TeV v
JHEPQO9 (2016) 027 q b
e BDT for further S/B separation. _ ____Electron, 19.7 fb” (8 TeV)., 2-jets 24ags
 Dedicated BDT to suppress QCD@8TeV (mt(W)@7TeV). ,S@ 1400;— CMS . — ﬁgi:maannm
« BDT to reject tt and W+jets. g 1200p E E: channe
« Combined maximum likelihood fit in SR and CRs. 1000 Imt
- Dominant systematics: f fact./renorm. scales (30%), JES/JER (35%).  °°F E :ﬁféfs
* Upper limit os.ch (7 TeV) at 95% CL is 31.4 pb. OE E Eaifl‘t’ijse"t"
+ Upper limit gs.cn (8 TeV) at 95% CL is 28.8 pb. L g 0oL
» 2.50 observed significance (1.10 expected). -

— e -
-0.8 -06 -04 -0.2 0 0.2 0.4
BDT Discriminant

@% a> 20.3 o', 8 TeV P(SIX) = Y ias, P(X|Si)

ATLAS PLB (2016) 228 >ias,P(XISi) + 3 ;a,P(X|B))

EXPERIMENT

O o  ATLAS 1

* Matrix element method for S/B separation. : [ ochanne ls=8Tev, 203" 1

» Build likelihood from partonic cross-sections of the hard scatter. V00T U Pomm s ncormieny { Sienal region R
» Combined maximum likelihood fit to P(S|X) + lepton charge (CR). 50:_
* Dominant systematics: MC stat (12%), JER (12%) and t-ch. (11%). -
* Os-ch = 4.8 = 0.8 (stat.) *]*5 (syst.) pb (total unc.: 38%) PSS e
* 3.20 observed significance (3.90 expected). 't H :
* First evidence at the LHC. P00z 00018 0058 0102 0167 1

P(SIX)
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http://www.sciencedirect.com/science/article/pii/S037026931600188X
https://link.springer.com/article/10.1007/JHEP09(2016)027
https://indico.cern.ch/event/517784/contributions/2482469/

Combined tWW production cross-section (8 TeV) See Kevin's slides

* tW cross-section measurement done by combining: @ g ¢+
t
« CMS: PRL112 (2014) 231802 (12.2 fo'!, 8 TeV). b
. ATLAS -
 BDT for further S/B separation. EXPERTMENT S
* Maximum likelihood fit in SR and CR. ATLAS-CONF-2016-023 >
e o = 23.4 = 5.4 pb (total unc. 23%). CMS-PAS-TOP-15-019
« ATLAS: JHEPO1 (2016) 064 (20.3 fb1, 8 TeV)
» BDT for further S/B separation.
» Profile likelihood fit in SR and CR. ATLAS+CMS Preliminary ~ LHCIOpWG May 2016
Data 2012, (s =8 TeV, m = 172.5 GeV
* ow =23.0 + 1.3 (stat.)'5Z (syst.) (total unc. 16%). e R A ° e
. . total stat
 BLUE method used for the combination. :  NLO+NNLL (PRDS82 (2010) 054018) T
, , MSTW2008,,,, o
* Dominant systematics: W scale uncertainty
scale @ PDF uncertainty
Uncertainty Oy x(stat) =(syst) =(lumi)
Source
(%) | (pb)
Data statistics 47 | 1.1 ATLAS, L =20.3 fbo” I
Simulation statistics 08| 02 axivisiooarse L U EIEEESER P
Luminosity 36| 0.8
» Theory modelling 11.8 | 27 oMS L = 12216
Background normalization 2.2 0.5 PRL 112 (2014) 231802 23.4220=46=0.7pb
» Jets 62| 14
Detector modelling 4.9 1.1 LHC combined (May 2016)
Total systematics (excl. lumi) | 14.4 | 3.3 combined fTay 231 +1.1+3.3 = 0.8pb
. . . ATLAS-CONF-2016-023,
Total Systematlcs (mCI. luml) 14.8 3.4 CMS-PAS-TOP-15-019 Effect t(:f(LHC bea:jm denerlg:y 1l:moer;ainty:
0.38 pb (not included in the figure
Total uncertainty 156 | 3.6 | | | | | g |
0IIII10IIII20 IIISOIIII40I[I150II
o Oy, [Pb]
LHC combination: "
* owv = 23.1 = 1.1 (stat) = 3.3 (syst.) pb (total unc. 15%).
SM and BSM physics in single top-quark at the LHC Carlos Escobar 5
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.231802
https://arxiv.org/abs/1510.03752
http://cds.cern.ch/record/2153385
http://cds.cern.ch/record/2155015
https://indico.cern.ch/event/517784/contributions/2482469/

tWW production cross-section (13 TeV) See Kevin's slides £

g
@ 3.2fb", 13 TeV

TLAS aXiv:1612.07231

EXPERIMENT

# jets

o BDT for further S/B separation.
* 5independent regions: 2 SR, 1 CR and 2 VR.
« Combined maximum likelihood fit in SRs and CRs (constrains tt).

# b-tag jets

2900 — 77T T 120003
§ 800 ATLAS —0-— \?Vat.'(a 2015 10000 §
W700Fk Ys=13TeV,3.2fb" — AT
Z+jets
I Fakes

Diboson

# Total unc.

//////////

2j2b yield

Data/Pred.

BDT (2j1b) response

* Dominant systematics: JES (21%), NLO ME (18%), JER (9%) and PS (7%).
« ow =94 = 10 (stat.) *55 (syst.) = 2 (lumi.) pb (total unc.: 32 %).
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https://arxiv.org/abs/1612.07231
https://indico.cern.ch/event/517784/contributions/2482469/

t-channel fiducial production cross-section (8 TeV) See Nils' slides £

EEEEEEEEEE

Fiducial measurement is less sensitive to PDF, ME, PS and scale variations.

19.7 o1, 8 TeV ) .
s PAS Tops.00r | * Oten (fiducial) = 3.38 + 0.32 pb (total unc. 9%).

@ 20.2 fb1, 8 TeV

TLAS arXiv:1702.02859

EXPERIMENT

* NN for further S/B separation.

« Cuton NN > 0.8. * o'rch (fiducial) = 9.78 + 0.57 pb (total unc. 5.8%).
e 3 independent regions: 1 SR’ 1 CR and 1 VR. i O'Et-ch (fldUCiaI) =5.77 + 0.45 pb (tOtaI unc. 7-80/0)-
* separated for lepton charge. ATLAS
* Maximum likelihood fit in SR. Measurement result
stat. syst. unc. | stat. unc.
* Dominant systematics: JES (4%). Predicios fidl(?cia); eross.section with GT10:
~_|scale ®@ PDF unc. @ PDF unc.
POWHEG-BOX+PYTHIAG

PoOwWHEG-Box+HERWIG

e Rt =1.72 £ 0.09 (total unc. 5%). POWHEG-BOX+PYTHIAB
L POWHEG-Box+HERWIG7

ATLAS Vs=8 TeV, 20.2 fb™

MG5_aMC@NLO+HERwIG

Measurement result + —

. : : MG5_aMC@NLO+HERWIG7

stat. @ syst. tat. : _
Prediitaions 2?0ulated ?n 5FS: / Different treatment of POWHEG-BOX+PYTHIAG

scale © PDF + a, unc. 2| theb-quark PDF and POWHEG-BOX+PYTHIA8
rEM B la) - the value of as. MG5_aMC@NLO+HERWIG7
ATLASGPWZ12 E p— IIIIIIIIIIIIII:IIIIII
. 7 8 9 10 11
HERAPDF 2.0 : .
JR14 (VF) . 0'ficj (tq) [pb]
MMHT2014 , .
NNPDF 3.0 - * Most predictions agree at the 10 level with the measured value.
gt e L * Predictions based on the 5FS feature strongly reduced scale uncertainties.
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https://arxiv.org/abs/1702.02859
https://cds.cern.ch/record/2055528?ln=en
https://indico.cern.ch/event/517784/contributions/2482466/

t-channel production cross-section (13 TeV) See Nils' slides

2.3fb", 13 TeV

arXiv:1610.00678 o 3000 R 12 TEY)
et - ¢ Data
. # jets ;_: 2500(— (Z:Mts1t + .tc:\annel =
* NN for further S/B separation. 1 2 3 c | c/esiHag W w ]
: , _ D 2000 N\ BWizsets
* 4 independent regions: 1 SR, 2 CRs and 1 VR. g|° : Doco
° ™ N Post-fit unc.
Separated for lepton charge. ] ¥l it une. =
e Maximum likelihood fit in SR and CRs (constrains tt). .
« Dominant systematics: t-channel and tt modelling (9%) :
o)
and t-channel factor./renorm. scales (6%). R e
MVA output
o 12F
T e =
0.8E
@ 3.2 fo!, 13 TeV
TL JHEPO4 2017)086
EXPERIMENT 810000_;1%38 §=t13TeV,3.2fb"_
~ s ¢ Data
* NN for further S/B separation. _ets 2 —L
" o -W"'-n—jefts
* 3independent regions: 1 SR, 1 CR and 1 VR. 8 ° i . o Zivets
oo 1 4 ost-fit unc.
* separated for lepton charge. $]oioaue 5000 7 Postit
« Maximum likelihood fit in SR and CRs (constraint tt). * b-(gé;gp : éﬁ?:?’,ie.
* Dominant systematics: PS (14%) and b-tagging eff. (7%). )
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https://arxiv.org/abs/1610.00678
https://link.springer.com/article/10.1007/JHEP04(2017)086
https://indico.cern.ch/event/517784/contributions/2482466/

t-channel production cross-section (13 TeV)

2.3fb1, 13 TeV
arXiv:1610.00678

* o'%.ch = 150 + 22 pb (total unc. 15%).

* o'%-ch = 82 + 16 pb (total unc. 20%).

* Ot-ch = 232 = 13 (stat.) = 28 (syst.) pb (total unc. 13%).

e Rt =1.81 £0.18 (stat.) £ 0.15 (syst.) (total unc. 13%).

@ 3.2 b1, 13 TeV

TL JHEPO4 (2017) 086

EXPERIMENT

* o'%-ch= 156 + 5 (stat.) = 27 (syst.) = 3 (lumi.) pb (total unc. 18%).
* O'%ch = 91 + 4 (stat.) + 18 (syst.) = 2 (lumi.) pb (total unc. 20%).
* Ot-ch = 247 % 6 (stat.) = 45 (syst.) £ 5 (lumi.) pb (total unc. 19%).

« Rt =1.72 = 0.09 (stat.) = 0.18 (syst.) (total unc. 12%).

Generally:
* Generator uncertainties dominate.
e Agreement with SM predictions.

SM and BSM physics in single top-quark at the LHC

lllllll
1.2 1.3 1.4 1.5 1.6 1.7/ 1.8 1.9

Carlos Escobar

See Nils' slides

cms 23fb (13 TeV)
CMS | |

1.81+ 0.18 (stat) = 0.15 (syst)

CT14

ABM11

ABM12

MMHT14

HERAPDF 2.0

NNPDF 3.0

I B

1.2 1.4

tch _Otcht tcht

Uncertainty is too large to
differentiate between predictions.

ATLAS Vs=13 TeV, 3. 2 fo!

Measurement result

T

stat. @ syst. stat.

ABM (5 flav.) P ored
ATLAS epWZ12 =i .

CT14 l—o--l
HERAPDF 2.0 |—o-|

JR14 (VF) Fei i
MMHT2014 -

NNPDF 3.0 ———i

Different treatment of
the b-quark PDF and
the value of as.
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https://arxiv.org/abs/1610.00678
https://link.springer.com/article/10.1007/JHEP04(2017)086
https://indico.cern.ch/event/517784/contributions/2482466/

Summary of single top-quark production cross-section

" ATLAS+CMS Preliminary LHCIOPWG = atastchannel ]
. . PRD 90 (2014) 112006, arXiv:1702.02859,

- Single top-quark production JHEP 04 (2017)086 .
May 2017 ° ?thﬂfg 12%2(??2?3:'35, JHEP 06 (2014) 090,

— arXiv:1610.00678 =
_Li_ O ATLAS Wi
- PLB 716 (2012) 142, JHEP01(2016) 064, .

arXiv:1612.07231

O CMS Wt
t-channel PRL 110 (2013)022003, PRL 112 (2014) 231802

LHC combination, Wt
ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

e R SRS 4 ATLAS schanne

ATLAS-CONF-2011-118 95% CL,
PLB 756 (2016) 228
— ¥ CMS s-channel
JHEP 09 (2016) 027 95% CL
- Y Wt x  7+8 TeV combined fit 95% CL —

—
o
N
IIII|
*

Inclusive cross-section [pDb]

- == NNLO PLB 736(2014) 58 -

scale uncertainty

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

Wi: tf contribution removed
s-channel scale ® PDF @ o uncertainty

- NLO NPPS205(2010) 10, CPC191(2015) 74
MR= MF= mtop;
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
Wt: p: veto for tf removal=60 GeV
and “F=65 GeV

= - scale uncertainty -

scale ® PDF @ o, uncertainty
My,,= 172.5 GeV

[el0} Jels

Vs [TeV]

Cross-section results from all three single top-quark production processes are in agreement with the SM predictions.

SM and BSM physics in single top-quark at the LHC Carlos Escobar 1 0
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\Vin| measurements

EXPERIMENT

* Single top-quark cross-section is proportional to |Vis|:

2 _
Vi - hvl™ = —reery

where fiv is a (real) left-handed form factor that can
encapsulate non-SM contributions.

* Independent of assumptions about the number of quark
generations or about the unitarity of the CKM matrix.

Assumptions for the extraction:

* Witb interaction is a SM-like left-handed weak coupling.
* Vio| » |Vid|, [Vis|

 BR({t—=Wb) = 1.

\Vin| results from all three single top-quark
production processes are in agreement
with the SM predictions.

EXPERIMENT [f

ATLAS+CMS Preliminary LHCtopWG

Omeas . .
If \Vyl = \|[5— from single top quark production
theo

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

Ay .o scale ® PDF
My, = 172.5 GeV

0the

t-channel:

ATLAS 7 TeV' 1
PRD 90 (2014) 112006 (4.59 fb™")

ATLAS 8 TeV 1
arXiv:1702.02859 (20.2fb™")

CMS 7 TeV ;
JHEP 12 (2012) 035 (1.17-1.56 fb™")

CMS 8 TeV 4
JHEP 06 (2014) 090 (19.7 fb™)

CMS combined 7+8 TeV
JHEP 06 (2014) 090

CMS 13 TeV?
arXiv:1610.00678 (2.3fb™")

ATLAS 13 TeV* 1
JHEP 04 (2017) 086 (3.2b™")

Wit:

ATLAS 7 TeV 1 : ——
PLB 716 (2012) 142 (2.05fb ') :

CMS 7 TeV 1 o
PRL 110 (2013) 022003 (4.91b™)

ATLAS 8 TeV " 1
JHEP 01 (2016) 064 (20.3fb™")

CMS 8 TeV' — ey

PRL 112 (2014) 231802 (12.2fb™")
LHC combined 8 TeV "
ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019

ATLAS 13 TeV? I

May 2017

—t
total theo

If,, V! = (Mmeas) = (theo)

1.02 + 0.06 = 0.02
1.028 + 0.042 = 0.024
1.020 + 0.046 = 0.017
0.979 = 0.045 + 0.016
0.998 = 0.038 = 0.016
1.083 + 0.07 = 0.02
1.07 = 0.09 = 0.02

1.03 7015+ 0.03

+0.16 +0.03
1'01—0.13 -0.04

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 (3.2fb™")
s-channel:

ATLAS 8 TeV® o R
PLB 756 (2016) 228 (20.3b™) g

0.93*01%+0.04

! including top-quark mass uncertainty
? Gyo: NLO PDF4LHC11

NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

SM and BSM physics in single top-quark at the LHC
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t-channel differential production cross-section (8 TeV)

20.2 fo'!, 8 TeV
arXiv:1702.02859
l\ﬁNT

EXPERI

* Diff. cross-section measured as a function of;
* prand y of top quark and top antiquark.
* prtand y for the forward light-jet.
* NN for further S/B separation.
« Same NN as for the fiducial without the niignht-jet.
e Cuton NN > 0.8.

* Unfolding to parton and particle level.
* Dominant systematics:

* JES calibration

* t-ch. and tt modelling.

t-channel

NLO prediction by MCFM
Yellow bands: stat. unc.
Green bands: total unc.

SM and BSM physics in single top-quark at the LHC
LHCP2017. Shanghai, China

See Nils' slides

Instituto de Fisica Corpuscular (IFIC) - CSIC/UV

ATLAS
Parton level
> 1F ATLAS 's=8TeV,2021b" § > 1F ATLAS /s=8 TeV, 20.21b" 7
0] F tq particle-level ® Data ] O] F 1q particle-level ® Data ]
O [ — POWHEG-BOX+PYTHIA6 | o] —— POWHEG-BOX+PYTHIA6
2 10 & 107'F E
- -
b ~— b S
B O| AF
g107° 5107
=
1 0—3 1 1 - 1 0_3 | 1
< 1.5F E s 1.5F -
© ©
Q Q 1 cooecon Co
O . @) . 1
= 0.5F- - PowHeG-BOX+HERWIG =+ MG5_aMC@NLO+HERWIG = = 0.5 - - POWHEG-BOX+HERWIG =+ MG5_aMC@NLO+HERWIG-:
0 100 200 30C 100 200 300
p(T) [GeV] p.(T) [GeV]
Particle level
Ir‘l L L L 1 I L L 1 L] I 1 L ] 1 '3‘ 40 LI I L I LI I LI I I j
% ATLAS 's=8 TeV, 20.2 fb =2 ATLAS /s=8 TeV, 20.2 fb”'
O] 1k tq parton-level ® Data b é 30F ta parton-level ® Data ]
o) — POWHEG-BOX+PYTHIAG B> — POWHEG-BOX+PYTHIAG ]
2 °
= 20-—}—|_§_|_‘_
_8 %I— 10
10F 3
2
1 O C 1 I I 1 I L |
m [ N T
<D*3 1.5 % 1.5F
~ L | C
i L; § 1}=EEE
gf 0.5E- Z  (0.5F--nLO (MSTW2008) _ _
« 1.5f s 1.5F j
© C © [
o o .
O O ;
= 0.5F- - PowHEG-BOX+HERWIG =+ MG5_aMC@NLO+HERWIG = 0.5F- - PowHEG-BOX+HERWIG =~ MG5_aMC@NLO+HERWIG
0 100 200 30C 0 0.5 1 1.5 2
p(t) [GeV] ly(®)]
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https://arxiv.org/abs/1702.02859
https://indico.cern.ch/event/517784/contributions/2482466/

t-channel differential production cross-section (13 TeV)

2.3fb", 13 TeV
CMS-PAS-TOP-16-004

» Differential cross-section measured as a function of;
* ptand y of top quark and top antiquark.

. 2.3fb" (13 TeV CMS Preliminary 2.3fb' (13 TeV)
+ BDT for further S/B separation. = I S e
O 1 € 16
 Cuton BDT> 0.6. S =tti-,tt:cvannel 3 g 'k mr(W)>50GeV & BDT>06 =;:3:mel
'g BIW/Z+jets : - .W/thets
2 CMuttiet 2 CMultijet
£u/ " Total syst. : 3 Total syst.
» Unfolding to parton level. (correct detector ju
res./sel. eff.). 3
: : R Q z
« Dominant systematics: % ARARAE I SRE SR S -
. LIRSS SS N ;
» data statistics (10-25%) g 1 3 osf 1 o i o
] 0.64 1111111111111111111111111111111111111111111
* t-ch. renorm./factor. scales(10-15%) 0= 50 o auark yl
- Kk Y
* Miop Variation (10-20%) top quark pr (GeV)
. . -1 - R
o Je’[ energy corrections (‘] 0-1 5%) o?|> ' ?3fb (13TeV) - ZCMSPre{lmlnary ’ I 2.3fb1‘(,13TeV)
29  Data {Z 1 . oat
~ — aMoeNLOFs) | S ‘-:; ~_ aMC@NLO (4FS) -
[ + 1a T - hi -
& — Povtht:‘g (:FS) ' 3 0 9:_ — ;o:ﬁe;a(iFS) F
+ Pythia : ' hia8 5
.§ ------ aMlg@aNléo (5FS) -58 08F , ;M%w@;dLO (5FS)
+ Pythia 1% o5 hia8 ;
P -- aMC@NLO (4Fs) | o 07} ... SMGONLD (4F5) ]
'g + Herwig — > 0.6¢ i‘ + Herwig ~
5 { 05}
= 1 o4 |
I o3k 0 b
{1  02f E
; 3 {1 0.1 i 1
Parton |eve| S S S S S S ST S N S S S S T S S 26 ........ 30 00 PP 015 i ‘1‘ 115 a 21
pr (t+) (GeV) lyl (t+f) (GeV)
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https://cds.cern.ch/record/2151074
https://indico.cern.ch/event/517784/contributions/2482466/

See Kevin’s slides
SM tZg search (8 TeV) See Maksim's slides

19,7 fo!, 8 TeV ‘* T
Xiv:1702.01404 .
AV 020140 Gizg = 8.2 b g z
W
e Search for rare process tZqg — test of the SM and search for FCNCs. ’ Yoy T —

10 T I LJ l T I L I L] ] L [ L ] Ll l L] ]

¢ th Signature (’[rilep’[OﬂiC decay): Top pair and single top cross sections

¢/ with and without accompanying Z

11

* 3 high-pr isolated leptons. 10
* 1 high-pT and central |n| jet (b-jet).
* 1 high-pt and forward |n| jet (light jet).
« E£7™Miss from the neutrino.

* Main background: WZ.

t (t-channel)
t (t-channel)

o[f)

ti+2
t+Z (t-channel)

f+Z (t-channel)

CMS 197fb (8 TeV)
® O T T3 P
Y. TE ¢ data . 14 15 16
2 a5 ' Bl tZq 3
*g b o « BDT for further S/B separation.
0 o — « Two regions (SR and CR).
2f :}Xce,ta,my : * Fit to BDT discriminant.
1oF * Final uncertalntles driven by data statistics.
1°§ * Oizg =10 7 (stat.+syst.) pb (total unc.: 80%).
:é » 2.40 observed significance (1.80 expected).
=
m 15 ..........................................................................................................................................
§ NN L S M s iz . 95% exclusion limits of the tZ-FCNC couplings.
0

R YRy S 10.2' B TR T * BR(t—Zu) < 0.022% (expected 0.027 %)
BPTizq om discriminant e BR(t—=Zc) < 0.049% (expected 0.118%)
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https://arxiv.org/abs/1702.01404
https://indico.cern.ch/event/517784/contributions/2482469/
https://indico.cern.ch/event/517784/contributions/2482481/

Top-quark polarization and W boson spin observables (8 TeV) £

EEEEEEEEEE

Measurement of angular asymmetries (top-quark polarisation) and of @ 20.2 fb' 8 TeV
the W boson spin observables with the SM-based unfolding to check L JHEPO4 (2017) 124

the consistency with the SM predictions. 2LUL LY

e Cut-based analysis for S/B Separation. Asymmetry Angular observable  Polarisation observable = SM prediction
, : ¢ 1
* 4 independent regions. AF; cos B¢ 3 2P 0.45
. Al cos Oy cos 2P(FRr + FL) 0.10
» Unfolding done at parton level. kB ¢ L
. . - ) L AFB Cos 9; 2(53) =2 (FR - FL) -0.23
e Dominant systematics: tt modelling, JES, MC statistics. s \
Agc cos 6} 2 \E(T(,) = & (1 -3F) -0.20
7(2) AL, cos 67 2(S1) 0.34
o App cos 6}’ ~3(82) 0
helicity fraction basis = Agg cos 0; cos ¢*T _ 72_r<A1> -0.14
Agl’a"’ cos 6} cos ¢}, 2(Ay) 0

aP = 0.97 = 0.05 (stat.) = 0.11(syst.)

! T T 1 [ 1 T T I ] Ll T I T T 1 [ T 1 T l T LI I LI ] LI l L ] L I LI I LI I LI I T
e ATLAS ATLAS
) _ -1 _ -1

s =8TeV,20.2fb ot AL Vs =8 TeV, 20.2 fb
@ A::vé —® — <S3>
o4 Arg o <T,>
From AVrg and Alrs (Measured independently of o+ A bon <S>
any assumption on Im[gr]) and assuming Vi = 1 o AN e <S>
and Vr = gL = Re[gr| = 0: —o— Al . <A,>
@ ¢ SM prediction AN9 ¢ SM prediction ’e <Ap>

Im[gn] = [_0_18, 006] @ 95 C.L. — Stat. uncertainty FTB — Stat. uncertainty

o — — Total uncertainty Ars — Total uncertainty
1 1 1 I 1 1 1 I L 1 1 l 1 L 1 | 1 1 ] l 1 Ll l | - — l L1l I L1l | Ll 1 I Ll I | - | L1l | 1
. C -04 -0.2 0 0.2 0.4 0.6 -06 -04 02 0 02 04 06 038

* In agreement with SM predictions. Angular asymmetry W-boson spin observable
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https://link.springer.com/article/10.1007%2FJHEP04%282017%29124

See Prolay’s slides

Search for anomalous couplings (7, 8 TeV) Seo Makaim's slides
5.0fo, 7 TeV
19,7 o1, 8 TeV * Using t-channel events (muon channel only and 2 or 3 jets).

JHEPO2 (2017) 028

* Bayesian NN (BNN) for further S/B separation.
* Dedicated anomalous Wtb BNNs are used in each scenario.
» Limits are extracted from a simultaneous two- or three-dimensional fit to the SM BNN and (real-only) anomalous
Witb BNNs outputs.
* Assumption: remaining couplings set to the SM values.

5.0 fo' (7 TeV) + 19.7 b (8 TeV)

(] 95% CL observed
I 66% CL observed Three-dimensional fit.
R o 95% CL expected
\> 68% CL expected 5.0 fo' (7 TeV) + 19.7 fo' (8 TeV) 5.0 fo (7 TeV) + 19.7 fb" (8 TeV)
il o4 : (] 95% CL observed iy - CMS [ 95% CL observed
- ,// 0.3 :—CMS [ 68% CL observed 03 3 [ 68% CL observed
4= E 0.2F
— o 95% CL expected “r ~ 95% CL expected
g 68% CL expected 68% CL expected
)
(/)] NPT EPEPEPE EPEPEEPE EPEEPE BT S
q:) 04 05 06 0.7
R
& Ifvl :
— -0.2F
O 5.0 o™ (7 TeV) + 19.7 o' (8 TeV) ;
c;’ <> "o CMS 030 01 05 02 025 03 00,05 0.1 0.15 0.2 025 0.3 035 0.4 045 05
6F L R
= \fl Iyl
1.4
12f |Vr| < 0.16 @ 95 C.L. 95% CL, FCNC upper limits:
I (] 95% CL observed lgL| < 0.057 @ 95 C.L. * BR({{—ug) < 2.0 x 10°°.
C [ 68% CL observed
- 4
08 gr € [-0.049, 0.048] @ 95 C.L. * BR(t—cg) <4.1 x 10™.
N weee §5% CL expected
0.6~ | | : —|68% CL ex?ected . vy
02 0 02 04 06 'g.a * In agreement with SM predictions.
f
T
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https://link.springer.com/article/10.1007%2FJHEP02%282017%29028
https://indico.cern.ch/event/517784/contributions/2482478/
https://indico.cern.ch/event/517784/contributions/2482481/

Analysis of the Wib vertex (8 TeV) 5

EEEEEEEEEE

Complete description of the full space of anomalous couplings governing the Witb vertex plus the
top-quark polarisation by using the normalised triple-differential (8, 67, ¢~) decay rate of top quarks.

064 p)= LN  _ 1 3',4 |21 Pcos6)(1 + cos 0)>
00.0.¢3P) = N dcosoyaar ~ 8n)a Ayl 1+ PeosO)l +cosd) helicity fraction basis
3 2 N
+ 1 |A_1’_%| (1 —PcosB)(1 —cosB)
3 2 2 .9 o
20.2 fo!, 8 TeV + E(IAO’%| (1 —PcosG)+|A0,_%| (1 +Pcos€))s1n 0
Preliminary 32 .
EXI!Tﬁé - T\/—Psinesin 6°(1 +cos6")Re [e’¢ Ay A:),%] ;
. . 3 Vi . . * * —i¢* *
* Helicity amplitudes (A w) from the - TP sindsinf (1 —cosé )Re [e A_l’_% Ao_l]
t—= Wb transition. L :
* Relative phases can only be _ av s MM . - Finite series of
- k.1, (9,9 ,¢ )s - .
measured with polarised top quarks é ; mZ‘k Uk (orthonormal) M-functions.

(i.e. in single top-quark events).

Only nine of the coefficients a, ., are nonzero and can be parameterised by three amplitude fractions and two phases:

e 3 observable amplitude fractions: fy, f1*, fo*. < From f1, f;*, traditional helicity fractions (F.. F—. Fo) can be

: - _ ile fo+ |
* 1 observable phase: S_ < Non-zero phase could imply extracted, while fo hgs n.ot been megsured before Fo |
, o . only measures combinations of fractions but this analysis
* 1 likely unobservable phase: 6.. CP-violation (at first order).

separates them.
* 1 observable “nuisance” parameter (P).

No sensitivity to this parameter since it is
related to right-handed b-quarks.

» Detector effects are deconvolved from data by measuring differential rates using Fourier techniques.
« All amplitudes and phases (and couplings) + P are determined simultaneously and include all correlations.
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Analysis of the Wib vertex (8 TeV) £

EEEEEEEEEE

Global fit = Likelihood function with all correlations (covariance matrix). @ 20.2 fo'!, 8 TeV
Distributions are obtained fromm numerical calculations of the likelihood function. TL Preliminary
EXPERIMENT
e L L L L B B N BB ILELEL LI S I I I I R R RN IR RN RN R w 14T RERRRRRRE
0.14— ATLAS Preliminary X Best Fit — < - ATLAS Preliminary X Best Fit ] S - — Likelihood ATLAS Prellmlnary
- {s=8TeV,20.2fb" . SM . 0.06~ {5 =8TeV, 2020 . SM = > 12F Vs =8 TeV, 20.2 fo™'
0.12— o — - . : (%’- N ---SM
N 168%CL 0.04F I 68%CL g -
0.1 95% CL ] - 95% CL £ b W
- . 0.02}~ - T L oo
0.081 ] - i 3 0.8
L ] Uy = 2 -
006 E _0.02f- E %’ 0.6
0.04 = _0.04F E 04F
0.02 = 0.06 = 0-2;_
RN L [ R ...: - : » L oo b b Lo
% 0.020.04 006008 01 012014016018 0.2 0.05 01 015 02 025 0.3 035 0.4 045 0.5 85 055 0.6 065 0.7 0.75 0.8 0.85 0.9 095 1
ft f, P

Interpretation in terms of anomalous couplings by propagating the statistical and systematic uncertainties.
e Limits are placed simultaneously on the possible complex values of the ratio of the anomalous couplings.
* No assumptions on values of the other anomalous couplings.

__l 0.5 T T T T I T T T T I T T T T I T T T T I T T T T I T T T ] '_'_' 0-3_ T T T I T T T I T T T T T T I T T T 1
. . . : '_|_| O_2J IIIIIIIIIIIIIIII I T T T T I T T T T I T T 1T I T T T T L 2 - ) . —
i_l 0.45 ATLAS Prellmlnar}/1 X Best Fit 3 Zm - ATLAS Prellmlnary % Best Fit - o= 0.2:_ ATLAS Preliminary . SM =
- fs=8TeV, 20.21b * SM oL E = 0.15F Vs =8TeV, 20.2 fb™’ e SM = c F E
68% E E - o — - JHEP 04 (2016) 023 =
= 95% CL _E 0 1:_ B 68% CL E 0.15 Assumptlon(s A )g =0 3
E E 95% CL = Vs=7TeV, 461" -
= C ] - + Best Fit .
E - ] . 95% C.L. 3
= o = —0.2 —
E - ] - (s=8TeV,20.2f" ]
] -0.05[— - -0.3[- x Best Fit =
= - . - B 68%C.L. 3
3 ~0.1F = ~0.4F- 95% C.L. =
”0|4””0|'”0:6 0B L T w-rer T f 05E | ! | | | E
' '5|VN|' 20.2 -0.15 -01-005 o 005 0.1 015 0.2 04 02 0 02 04 06  o0s
R L Relg NL] Imlg V]
* In agreement with SM predictions.
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Summary

* |LHC experiments are performing extensive studies using single top-quark events.

» Cross-sections measured in all three single top-quark signatures.
 Differential measurements of the t-channel cross-section.

* Measuring top-quark polarisation.

e Search for SM t£q.

* Searches for anomalous couplings.

* All measurements are so far consistent with the SM predictions.
* No sign of new physics has been found yet.

* More results will arrive soon! Stay tuned!
» ATLAS Top Physics Results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults.

* CMS Top Physics Results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults TOP.
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Introduction: ATLAS and CMS detectors

ATLAS

EXPERIMENT Muon Chambers
Hadronic Toroid .
Calorimeters Magnet Coll

ATLAS (general purpose detector)
* Length: 44 m, diameter: 25 m
Inner e Mass: ~7.0 ktons
* Two magnet fields:
e Solenoid (ID): 2 T

Electromagnetic * Toroid (Muon System): 2-8 Tm
Calorimeters

Endcap Muon
Chambers

Toroid
Magnet

CMS, |
| Magnet Return Muon Chambers
Yoke
Electromagnetic &
Forward . I-:aQrontnc
Calorimeter alorimeters

CMS (general purpose detector)
* Length: 21 m, diameter: 15 m
* Mass: ~ 12.5 ktons

o PP Inner
Solenoid: 4 T Tracker

Solenoid
Magnet

SM and BSM physics in single top-quark at the LHC Carlos Escobar

Instituto de Fisica Corpuscular (IFIC) - CSIC/UV 2 1

LHCP2017. Shanghai, China




Introduction: top-quark physics

The top quark was discovered by CDF/DO, at Fermilab in 1995.
The single top-quark production was discovered in 2009 by CDF/DO and observed in 2011 by ATLAS/CMS.

The LHC is a top-quark factory:

» Tevatron Run-ll (1032 cm™? s @ 1.96 TeV): ~1 single top quark/hr.

e LHC @ low luminosity (10%2 cm=? s @ 7 TeV): ~40 single top quark/hr.

e |LHC @ design luminosity (103 cm™? s @ 14 TeV): ~4k single top quark/hr.
e Top-quark prod. is dominated by gluon fusion ( ~85% gg—tt, ~15% qqg—tt).

Top quark unique features:
* Heaviest known elementary particle with the smallest cross-section of all of the SM particles.
« Short lifetime (5:102° s) = top quark decays into high pr particles before hadronizing.

* Unique quark: only quark whose most of its properties can be directly measured!!!
* Top-quark pair production via strong interaction (dominant) and single top quark via EVW interaction (sub-
dominant).

Why single top quark?
» Good scenario for unigue SM measurements:
 Cross-section measurement allows to directly access a CKM matrix element: o « |Vi|°.
* Properties: top-quark polarizartion, W boson helicity, Wtb anomalous couplings, etc...
» Powerful probe for physics BSM related to EWSB.
* All production modes are sensitive to different forms of new physics: cross-sections, polarization,
* Witb anomalous couplings, FCNC, new particles (W', H*, etc...).
* Background in searches: Higgs and SUSY.

SM and BSM physics in single top-quark at the LHC Carlos Escobar 2 2

LHCP2017. Shanghai, China Instituto de Fisica Corpuscular (IFIC) - CSIC/UV



Single top-quark production modes and signature

Three production mechanisms (@ LO):

t-channel signature:

e 1 isolated and high-pr lepton.

1 high-pt and forward |n| jet (light jet).
1 high-pt and central || jet (b-jet).
An additional soft b-quark with high |n| (not usually detected).
MET from the neutrino.

Main backgrounds: tt and W+jets.

Golden channel

tW signature:

« 2 isolated and high-pt leptons.

* 1 high-pt and central |n| jet (b-jet).
« MET from the two neutrinos.

y « Main backgrounds: tt.

Observed at the LHC

s-channel signature:

* 1 isolated and high-pt lepton.

* 2 high-pt and central |n| jets (b-jets). Challenging at the LHC
 MET from the neutrino.

« Main backgrounds: tt, W+jets and t-channel.
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t-channel production cross-section (13 TeV)

2.3fb", 13 TeV
arXiv:1610.00678

# jets
« NN for further S/B separation. ! - =
* 4 independent regions: 1 SR, 2 CRs and 1 VR. g 0
» Separated for lepton charge. E
. . . o . - 1
* Maximum likelihood fit in SR and CRs (constrains ti). E
« Dominant systematics: t-channel and tt modelling (9%) * )
and t-channel factor./renorm. scales (6%).
-1
N 3000_'"I"'I"'I"'I'"I"'I"'2i3'fb'l('1'3'-lr'ey')_
S E CMS ¢ Data 1
8B 2500 5 ;i se 4. + Bt channel e Rt =1.81 £0.18 (stat.) + 0.15 (syst.) (total unc. 130/0).
= - 2-fets-1-tag u —r 5
q, - ’ -
D 2000 N\ WWzijets cws ___ 23 fb™ (13 TeV)
5 [laco . CMS :
1500 . NPostit unc. 1.81+ 0.18 (stat) = 0.15 (syst) .
1000 N \ f CT14 —— E
ABM11 -o-{I
ABM12 —
1 -08-06-04-02 0 02 04 06 08 1 W . i
MVA output |
. 1.2  EEEE = HERAPDF 2.0 S :
g|-‘u=_' 15_“ ............ L o e . g = !
N BT PR B S .
e o'ich= 150 = 22 pb (total unc. 15%). 1 1.2 1.4 1.6 1.8 2
* oti.ch = 82 + 16 pb (total unc. 20%). Rich. =Oren.t/ Opon i

e Ot-ch = 232 = 13 (stat.) £ 28 (syst.) pb (total unc. 13%).
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https://arxiv.org/abs/1610.00678

t-channel production cross-section (13 TeV) £

@ 3.2 b1, 13 TeV # jets
1 2 3

HEPO4 (2017
AS J 04 (2017) 086

EXPERIMENT

* NN for further S/B separation.
e 3 independent regions: 1 SR, 1 CR and 1 VR.
* separated for lepton charge.

« Maximum likelihood fit in SR and CRs (constraint tt). 2 -
* Dominant systematics: PS (14%) and b-tagging eff. (7%).

e Rt =1.72 = 0.09 (stat.) = 0.18 (syst.) (total unc. 12%).

# b-tag jets
il
&
=
Y

SR
b-tagWP (2j1b)
(60%) t-channel

S1OOOO_ATLAS V'§=13Tev,3.2fb-1_ lll'll'llllllll lllllllllllll'llll'llll
~ | I+ SR o it - ATLAS {s=13 TeV, 3.2 fb"'
I B it Wi th ; )
) - w* +Hets ] Measurement result I !
U>J i L] |\Z/| ; \I/V+iets ] stat. ® syst.  stat.
Il Multijet .
5000 v/ Post-fit unc. ABM (5 flav.) o
ATLAS epWZ12 —e—
CT14 |—o—q
HERAPDF 2.0 e
JR14 (VF) e
MMHT2014 [
NNPDF 3.0 ——
0 0.2 0.4 0.6 0.8 1 I | \ \ L | \ |
1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

R

e olt-ch= 156 = 5 (stat.) £ 27 (syst.) = 3 (lumi.) pb (total unc. 18%).
* o%.ch = 91 + 4 (stat.) + 18 (syst.) = 2 (lumi.) pb (total unc. 20%).
* Ot-ch = 247 = 6 (stat.) = 45 (syst.) = 5 (lumi.) pb (total unc. 19%).
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Search for the s-channel production cross-section (8 TeV) £

EEEEEEEEEE

7 # jets
20.3 b1, 8 TeV s-channel 1 2 3 4
ATLAS PLB (2016)228 0
EXPERIMENT g
« Matrix element method for S/B separation. ~
. . I
* Three independent regions. S a5 PIXISH €| 2
: oAl - i &S; i £Q |b-tagWP
» Maximum likelihood fit of P(S|X): P(S|X) = — # | (80%)
| 2_ias;P(X|Si) + )_;as;P(X|Bj)
2
b-tagWP
(70%)
@ 1500 : : ! !
S ATLAS é Dat: | i
@ \s=8TeV,203b" pum -channel | o 150 T T T T
Signal region —4 | § [ o Data- background ATLAS 1 i
1000 ke [ W+ets - W \s=8TeV,20.3fb" -
o Z+jets, diboson | . . 7
B Multi-jet i 100 Signal region —
Post-fit uncertainty i —
500 2wy ] 50 /
% ] AT I 3 N W5
0 0
.g 1 .12_ T T + T T _;
$ 10 "¢#(wﬁ%%d/—fk#%}/#H?*’*/w ¢ ++ 50
S 09F 3 -
D L 1 l 1 1 =
0.0002 0.0018 0.058  0.102 0.187 1 0.0002 = 0.0018 0058 0:162 O:187 k

P(SIX) P(SIX)

e Dominant systematics: MC stat (12%), JER ( 12%) and t-ch. (11%).
* Os-ch = 4.8 = 0.8 (stat.) f]jg (syst.) pb (total unc.: 86%)
» 3.20 observed significance (3.90 expected).

First evidence at the LHC.
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Search for the s-channel production cross-section (7, 8 TeV)
# jets

51 o', 7 TeV
19.7 fb!, 8 TeV
JHEPO9 (2016) 027

s-channel

« BDT for further S/B separation.

« BDT dedicated suppress QCD@8TeV (mt(W)@7TeV).
« BDT to reject tt and W+jets.
* Three independent regions. 5
* Maximum likelihood fit in SR and CRs.

# b-tag jets

SR
(2j2b)
s-channel

Electron, 19.7 fb' (8 TeV), 2-jets 2-taq§
BN B A A L BN B I

S « Data S 1400 J « Data
2 500 [Jschannel » - CMS 1 Os channel
o Wtchannel & 12001 — Bt channel
400 Ow “ jo00f 40w
ott N 1 [0t
300 BZ+jets 800 — BZ+jets
BW-+jets - o 1 @W+jets
200 WDiboson 600 - ~ WDiboson
DMUltI]et 400 C B — DMUlt'Jet
4 []Syst. unc. = ][ ]1Syst. unc.
100 NRate syst. 200 - NRate syst.
. - s
-0.8 -0.7 -0.6 -05-04-03-02-01 0 0.1 0.2 0-0.8 -06 -04 -0.2 0 0.2 0.4
BDT Discriminant BDT Discriminant

« Dominant systematics: tt fact./renorm. scales (30%), JES/JER (35%).
e Os-ch (7 TeV) = 7.1 = 8.1 (stat.+syst.) pb (total unc.: XX%).

* Os-ch (8 TeV) = 13.4 = 7.3 (stat.+syst.) pb (total unc.: XX%).

e 2.50 observed significance.
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https://link.springer.com/article/10.1007/JHEP09(2016)027

Summary: single top quark production cross-sections (7 and 8 TeV)

Summary of single top-quark cross-section measurements
by CMS, as function of centre-of-mass energy.

T E Qinale trameriiark memedtiedinl T T 3
2 E Single top-quark production t-channel (pp or pp) 3
o _ X . n
_Inclusive cross sections L
102 - e tW (pp or pp)
- s-channel (pp) _
10 &= —
— s-channel (pp) 3
v _
1= —=
= E NLO+NNLL, PRD 82, 054018 (2010) 3
- ~— NLO+NNLL, PRD 83, 091503 (2011) 4+  CMS, PRL 110, 022003 (2013) -]
" B ¥ Tevatron, arXiv:1503.05027 [hep-ex] ® CMS, PRL 112, 231802 (2014) |
10 = 4 CMS, JHEP 12, 035 (2012) NLO+NNLL, PRD 81, 054028 (2010) =
- ®  CMS, JHEP 06, 090 (2014) ¥ Tevatron, PRL 112, 231803 (2014)
— * CMS, arXiv:1610.00678 [hep-ex] = CMS, JHEP 09 (2016) 027 n

102 l | 1 1 | I l | L | | 1 I

2 3 4 5 6 7 8 9 10 11 12 13 14

s [TeV]

SM and BSM physics in single top-quark at the LHC

Single top-quark cross-section [pb]

£

L

EXPERIMENT

Summary of single top-quark cross-section measurements
by ATLAS, as function of centre-of-mass energy.

ATLAS Preliminary May 2017
Single top-quark production

t-channel

10° f ______ =
L I <= NLO+NNLL at m, = 17255 Gev_]
Y ) _§ e MSTW2008 NNLO PDF
B r —NLO atm, =172.5 GeV
g MSTW2008 NLO PDF
10 =
= s-channel -
/ § t-channel 4.59 fb™ prD 90 (2014) 112006 I . m
- @ t-channel 20.2 fb™ arxiv:1702.02859 S
~ { t-channel 3.2 fbo™" uHEP 04 (2017) 086 = 7]
# Wt2.05fb" LB 716 (2012) 142 =3
1 = T Wt 20.3 fb™" yHEP 01 (2016) 064 =
- % Wt 3.2 fb™ arxiv:1612.07231 -
: v s-channel 95% CL limit 0.7 fb™' ATLAS-CONF-2011-118 .
— § s-channel 20.3 fb™ pLB 756 (2016) 228 —
I I I I I I
6 7 8 9 10 11 12 13
Vs [TeV]
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Measurement of the W boson helicity in t-channel events (8 TeV)

The differential decay rate of the decaying top quark considering the angle 87, is
given by:

1_d
I" d(cos ;)

= % (1 + COS 9;)2 Fp+ %(1 - cos();)2 Fr+ % (siné’t‘;)2 Fy
W rest frame b

| WrbL> Fr Partial widths of the top quark decay: Vs A &

Z | Wobr> } r(t_'Wb) =lL+To+lR - 91’
i Fo

| > T P _
| Wobr> Fi=Ti/T wherei=L,0,orR The angle 6"/ is defined as the angle between the

Fi=1 W boson momentum in the top-quark rest frame
| Wibr> Fr z ' P-4

and the momentum of the lepton in the rest frame
of the W boson.

The helicity fractions are well-known parameters in top-quark physics. They refer to
a decomposition of the decay rate into three classes (two independent parameters).

First measurement of W boson helicity in single top-quark topology

(19.7 fb1, 8 TeV). _ CMs 19.7 fb™ (8 TeV)
. . . : . : : . . * o C  « Data [ | W+jets ]
A rew.elgr.mng method used in Ell binned likelihood fit using cos 8. 30000 Nt (-chan) [Others H+ets
» Contributions from tt are taken into account. g " [ Jt(other) []QCD
* Results from the e and  channels are combined using their likelihoods. 5200 Mt Z)Stat. unc.
* Anomalous couplings in the Wtb vertex can be constrained with the W 2000

boson helicity (next slide). 1500

|II|IIIl|lIII|IIII|IIII|I

01708060402 0 02040608 1

cos(6,")
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Measurement of the W boson helicity in t-channel events (8 TeV)

* Dominant systematics: Modelling

* |n agreement, within their uncertainties, with the standard model NNLO predictions.

CMS

19.7 fb" (8 TeV)

0.35-

0.3

« Data,
||+ 10 stat. unc.
—— Syst. unc.
—— Total unc.

+ SM pred. (PRD 81 (2010))

|
0.25(-

0.2

1 1 l 1 1

Fo

1 1 I 1 1 1 1 l 1 1 1 1 | 1 1
0.65 0.7 0.75

0.8

Comparison with previous tf measurements.
« Similar precision (with less stats) to those based on tf events.

CMS 19.7 o (8 TeV)
............ SM pred. (PRD 81 (2010))
— Stat. unc. . Combination
|| Syst. unc. _
Totalunc. =% u+ets
-—EE—~ e+jets
III CMS (JHEP 10 (2013)) ]
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single top-quark
based analysis

tt-based
analyses

Combination (likelihood) of the e and y channels:
F. = 0.298 + 0.028 (stat.) + 0.032 (syst.)

Fo = 0.720 + 0.039 (stat.) + 0.037 (syst.)
Fr = -0.018 + 0.019 (stat.) + 0.011 (syst.)

19.7 fb1, 8 TeV
JHEP 01 (2015) 053

The SM predictions for the W boson helicity fractions at
NNLO, including the finite b-quark mass (mp = 4.8 GeV)
and EW effects, with m: = 172.8 = 1.3 GeV, are:

* FL=0.311 £ 0.005

* Fo=0.687 + 0.005

* FrR=0.0017 = 0.0001

Phys. Rev. D 81 (2010) 111503

Exclusion limits on the Re(g.) and Re(gr), with Vi =
1 and Vr = 0. Dashed blue lines show g, = 0 and
gr = 0 as predicted by the SM at tree level.

Best fit values:

(with mentioned assumptions)

Re(gL) = -0.017
Re(gr) = -0.008

1CMS 19.7 fb” (8 TeV)
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Top-quark polarization (8 TeV)

19.7 fb1, 8 TeV

The differential decay rate of the decaying top quark considering the angle 6" is given by: % JHEP 04 (2016) 073
ar  _Tqip 6x) = T(2 + Ax cos 6 ’
i cosbx — 5 (1+ Prrx cos fx) = T'(5 + Ax cos x) o ey 700 L= 200 éﬁ%‘:am.chmenj q. top rest
10 Muorl channel, 2J1T -ts!;;:hannel ] f rame
where ax is the spin analyzing power. ) RS R S |- S ] 6* /
: I diboson 3

QCD
104 eansy - {Z73stat. + syst.

« The spin asymmetry is measured: A : The angle 8" is defined as the angle

100 oo between the spectator quark and the
Aw — N(cosflx >0) — N(costlx <0) 1 P 1 direction of motion of the chosen decay
XN (cosOx > 0) + N(cosfx < 0) 2 X 8 T output. product X (spin analyzer), which in this

case is X=£, in the top-quark rest frame.
First measurement of top-quark polarization in single top quark (19.7 fb-1, 8 TeV).
e The cos 6" distribution is unfolded to parton-level to extract the top-quark spin asymmetry.

* BDT is used to determine the background contributions and enrich the signal sample.
* Dominant systematics: JES and QCD fraction (e channel only).

Coxe®
T oo ;
sool_ mm : A =0.42 + 0.07 (stat.) + 0.15 (syst.) - L
i 200k | Combination (BLUE) of the e and i channels:
N i Sgﬁoé?:t%g E(IIE?OWH EG)
400f- unfoldin g> | 7generated (CompHEP) A¢=0.26 + 0.03 (stat.) = 0.10 (syst.)
200 i ......+...M
100l —= _ Compatible with a p-value of
- 4.6% with the standard model
prediction of 0.44
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