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Single top production processes

Three processes in LO

2 — 2 process (5FS) 2 — 3 process (4FS)

t-channel
0,(8 TeV) = 85pb + 4.4%
0,(13TeV) = 217 pb + 4.1%
Rig/g = 2.6

Dominant process

NLO predictions arXiv:1406.4403
NLO+NNLL predictions arXiv:1311.0283
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Associated Wt production
oy (8TeV) = 22.4pb + 6.8%
owe(13TeV) = 71.7pb + 5.3%

Rys/g = 3.2

Process not observed
in pp collisions

W+

s-channel
0,(8TeV) = 52pb + 4.2%
0,(13TeV) = 10.3pb + 3.9%
Ryzg =19

Rare process in pp collisions
o grows much slower with
Vs than the other top
production modes



Inclusive cross sections - Summary of ATLAS+CMS measurements

ATLAS t-channel

ATLAS+CMS PreliminaryLHCtOpWG
. . PRD90(2014) 112006, ATLAS-CONF-2014-007,
Single top-quark production ATLAS-CONF-2015-079

® CMSt-channel
March 2016 JHEP12(2012) 035, JHEP06 (2014)090,
CMS-PAS-TOP-15.004
. y O ATLAS Wt
PLB716(2012) 142, JHEP01(2016) 064
O CMSW

Motivation for inclusive/fiducial cross
section measurements in single top
production

t
PRL110(2013) 022003, PRL112(2014) 231802

*  LHC combination, Wt
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

i : . I ----------- A ATLAS s-channel
s ATLAS-CONF-2011-118 95% C.L.,
arXiv:1511.05980

¥ CMS s-channel
arXiv:1603.02555 95% C.L.

Wit
=== NNLO PLB736(2014)58
‘- -E- - my,,= 172.5GeV, MSTW2008nnlo
| scale uncertainty

= Precision measurements to check
The SM pr‘ediCTions == NLO+NNLL PRD83(2011)091503,
___________ PHD82(2010)054018‘ PRD81(2010)054028

= Direct test of the PDFs 10 o — s
= Direct determination of the CKM

= NLO NPPS205(2010) 10, CPC191(2015) 74
""" el 8 el m,,= 172.5GeV, H= =g,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)
Wt p: veto for {f removal= 60 GeV

matrix element v, e

scale uncertainty
Lo

10

Inclusive cross-section [pb]

= Testing the EW couplings

T
|—-|-i:1—|—|
H—p—H

scale @ PDF @ o, uncertainty

All exp. results are w.rt m= 172.5GeV

Vs [TeV]

All measurements are in agreement with the SM predictions
Only the t-channel process probed at the three energies



t-channel at 13 TeV - Inclusive cross sections ATLAS-CONF-2015-075

t-channel exchange leads to a light (spectator) jet scattered into the forward region

Event selection: 1 isolated muon, 1 b-tagged jet + 1 non-tagged jet with |n| < 3.5, both with a high
pr, my (W) > 50 GeV; selection dominated by tt and W+jets backgrounds

Signal discrimination with a multivariate analysis (NN): m., m;,, mr(W),n(j) are the most relevant

Fit of the multivariate discriminator to get the signal strength g = o/0;,, the background
normalization is constrained

_ _ o "'I'I'I'I"'I"z"l"i1_
oy (t) = 133 + 25 pb Oy (f) = 96 + 24 pb = g;’LﬁS Preliminary .\;a: TeV, 321" ]
O-t = 229 i 4‘8 pb AO_t/O-t - 20% E =§%It/3t,tb 7
C I Wijets T T T T T
o [ Z+jets diboson e ATLAS Preliminary \s=13 TeV, 3.2 b 1
w ’-I'\:/Iulttu?: ncertainty | o SR D 7
Source Ao (t)/o Ao (t)/o s Postituncenanty. | 2 a0 i
2 W 1t Weth
Statistics 5% 5% & (53 7+ piediboson
Lﬁ B Mulijet _
Luminosity 5% 5% /1 Postfit uncertainty 1
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MC statistics 6% 6% £
[0
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t-channel at 13 TeV - Inclusive cross sections and ratio

« Similar event selection (jet with |n| < 4.7) and signal discrimination procedure
« Simultaneous fit of the multivariate discriminators in the signal and 2 control regions

Cross section ratio in agreement with the o.(t) = 141.5%528 pb
SM prediction o.(t) =81.07338 pb
Potential to discriminate between the R, = 0,(t) /o, (t) = 1.75 + 0.16(stat) + 0.21(syst)
different PDF sets when better precision AR./R; = 15%
achieved
CMS Pre//mmary 231fb" (13 TeV)
"""""""" I B I I I UL
- e 23107 (13 TeV) CMSTOP16003 : 175+016(stat)+021(syst)
S 500 CMS Preliminary ;gg}f;mel . '
g E Aitregion E{lt\}/%,zjets E CT10w4f E [r—
Q40001 . [JQCD (DD) |
L §5 Post-fit unc. ] CT10
3000 A CTEQ6M
20003 MSTW08 N_=4 i -
10005 HERAPDF 1.5 NLO -
: NNPDF 2.1 N,=4 —
1 -08-06-04-02 0 02 040608 1 | |..E..|....|....|..‘.| IIIIIIII
MVA output I N NI AN N R KR R R Ry
E Rt-ch. tch t/ Gr ch.f

CMS-PAS-TOP-15-003



Associated Wt production at 8 TeV - Inclusive cross section

JHEP 01 (2016) 064 (ATLAS)
PRL 112 (2014) 231802 (CMS)

Selection from the cleanest final state: 2 opposite-sign leptons, 1 or 2 jets, 1 or 2 b-tagged jets,
and ET%® > 40 GeV (ee, uu), > 20 GeV (ew)

Background from non-resonant (WWb/WWbb) and double resonant (tt) productions
Fitted multivariate discriminators combining different variables optimised depending on humbers

Of Njets and ijets

owe = 23.0 + 1.3(stat)*32 (syst) £ 1.1(lumi) pb  Aoy¢/ow: = 16%

[T9) L L L B B L B B L
p ATLAS ¢ Data 3
2 700 , ls=8Tev,203 fio! Wt E
£ 1-jet 1-tag it =
] 600 Post-fit Il Others 3
S 500 722 Uncertainty =
400 =
300 =
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100 =
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;L_’ 1'21 Y YT D T S pe PP %
3 08f . ]
‘DU -0.3 -0.2 -0A1 0 0.1 0.2 0.3 0.4

BDT Response

Source Aoyt /oy (%)
Statistics 5.8
Luminosity 4.7
Theory model s
Jet/MET 10.9
b-tagging 3
Lepton eff. 1



Associated Wt production at 8 TeV - Fiducial cross section

Cross section measurement in a fiducial region for a more robust comparison to the theory:
this reduces the sensitivity o theory modelling uncertainties

The fiducial acceptance requires 2 leptons and 1 b-jet at the particle level
Combined tt and Wt measurement from the fit in the 1-jet 1-btag region only

Illl\lll\\Illlllllllllll‘\lll\l

Ottswe fia. = 0.85 £ 0.01(stat)*5:95 (syst) + 0.03(lumi) pb ATLAS \s=8TeV, 203 fo"
_ _ — Measured fiducial Wt+tt cross-section ———ioe———
AO_tt+Wt,fld/O-tt+Wt,fld - 8% Total uncertainty

Stat. uncertainty
Predicted fiducial cross-sections:

Source AO—tf+Wt/O-tf+Wt (%) POWHEG-BOX+PYTHIA DR CT10 T
6" at NLO+NNLL, ¢" at NNLO+NNLL

. . POWHEG-BOX+PYTHIA DR CT10 T
Statistics 1 o™ and ot at NLO
. . POWHEG-BOX+PYTHIA DS CT10 T
Luminosity 3.1 o"and o' at NLO
POWHEG-BOX+HERWIG DR CTi0F——*——
Theory model 4.9 o™ and 0" at NLO
MC@NLO+HERWIG DR CT10 e
o"and o' at NLO
Jet/MET 52 MC@NLO+HERWIG DR MSTW2008 e
. c"and o' at NLO
b-tagging - MC@NLO+HERWIG DR NNPDF 2.3 —
oWtand o't at NLO
Leptoneff. 2.3 |III\|II\\|IIII|IIII|IIII|IIII|\I

0.3 0.4 0.5 0.6 0.7 0.8 0.9
Cross-section [pb]

JHEP 01 (2016) 064 (ATLAS) 7



Search for s-channel production at 8 TeV

Selection: 1 isolated lepton, 2 b-tagged jets and large EF***; the main background is tt

Signal discrimination based on the matrix element method (ATLAS) or using a multivariate
discriminator (CMS)
Fit of the discriminator to get the signal strength g with the background contrained
through control regions

Data/Pred.

o, = 4.8 + 0.8(stat)*1$(syst) pb
Aog/o, = 37%

T
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Phys. Lett. B756 (2016) 228 (ATLAS)
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Search for s-channel production at 8 TeV

o, =134+ 73pb

Ao, /o, = 54%

Muon, 19.7 fb" (8 TeV), 2-jets 2-tags
R B L A

2.50 observed
1.10 expected

CMS

oy [T

arXiv:1603.02555 (CMS)

» Data

[]s channel
Bt channel
Ltw

ott
BZ+jets
PBW+jets
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[ IMultijet
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5 -0.3 -025 -02 -0.15 -0.1 -005 0O 0.05
BDT Discriminant

| FISyst. unc.
=* SJRate syst.

Source
Statistics
Luminosity

MC statistics

Jet/MET
b-tagging
Backgrounds

Theory model

Ao/ og(%)
ATLAS CMS
12 11
5 6
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13 19
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8 19
13 33



From cross sections to EW couplings

* The CKM matrix elements V;, enter in the

production and decay Wtb vertices

« Anomalous Wtb couplings are parameterized
through the left-handed form factor f;,, (in SM

fiv=1)

» Inthe approximation [Vil, |Vis| < |Vip| and full

left-handed decay to Wb one get

|fiv Vep| = o /atheo

ATLAS+CMS Preliminary

LHCIopWG

[f Vil = Omeas 1om single top quark production

Oiheo
Oyeo: NLO+NNLL MSTW2008nnlo

theo

PRD83 (2011; 091503, PRD82 (2010) 054018,

PRD81 (2010) 054028
AGy,: scale ® PDF
My = 172.5 GeV
t-channel:
ATLAS 7 TeV'
PRD 90 (2014) 112006 (4.59 fb™')

ATLAS 8 TeV
ATLAS-CONF-2014-007 (20.3fb™")

CMS 7 TeV

JHEP 12 (2012) 035 (1.17-1.56fb™")

CMS 8 TeV
JHEP 06 (2014) 090 (19.7 tb™")

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

CMS 13 TeV
CMS-PAS-TOP-15-004 (42 pb™")

——

Her

March 2016

-+
total theo

[fL Vgl £ (meas) * (theo)

1.02 £0.06 £ 0.02
0.97 £0.09 £0.02
1.020 £ 0.046 £ 0.017
0.979 +£0.045 +0.016
0.998 +0.038 +0.016

i 1.12+£0.24 £0.02

ATLAS 13 TeV 1.03+0.11+0.02
ATLAS-CONF-2015-079 (3.2f6™") ;

Wit:
ATLAS 7 TeV —r— 1.03*515+0.03
PLB 716 (2012) 142-159 (2.05fb™") : ’
CMS 7 TeV —— 1.01%018 002
PRL 110 (2013) 022003 (4.9 fb™") ) :
ATLAS 8 TeV () —t—t— 1.10+0.12+0.03
ATLAS-CONF-2013-100 (20.3 fb™")
CMS 8 TeV' —ti—t— 1.03+0.12+0.04
PRL 112 (2014) 231802 (12.21b™")
LHC combined 8 TeV'* | 1.06 £0.11 +0.03
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

s-channel: i
ATLAS 8 TeV* —_—— 0937318 +0.04
arXiv:1511.05980 (20.3 fb™") H :

Wit: :
ATLAS 8 TeV ™ f———| 1.01+0.10 +0.03

JHEP 01 (2016) 064 (20.3 tb™")

(*) Superseded by results shown below the line

1

including top-quark mass uncertainty

2 including beam energy uncertainty

0.4 0.6

0.8 1
[foy Vil

1.4 1.6 1.8
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t-channel differential cross sections at 13 TeV

Differential measurements are particularly well suited to assess the validity of the predictions
Normalized differential cross sections measured as a function of the top pr and |y|

Event selected with 1 isolated muon, 2 jets (|n| < 4.7) with 1 b-tagged, and m(W) > 50 GeV
Signal discrimination with a multivariate analysis: n(j), m, AR(j, b), |An(b, )|, m¢(W)
Discriminator fitted to extract separately the signal yields in each bin of top p and |y|
Unfolding to parton level with the TUNFOLD algorithm

2CMS Preliminary 2.3fb" (13 TeV) . 2CMS Preliminary 2.3 (13 TeV)
9% 11: e Data E IE 1.15_ e Data _
~ = aMC@NLO (4FS) = = aMC@NLO (4FS) ]
= 10 + Pythiag 3 %‘ 1 + Pythia8 ]
= ghu —— Powheg (4FS N E —— Powh F
e g Good agreement with the S 09 Y

8;—‘3..._..-.._ ------- aMC@NLO (5FS) . . . © 08 aMC@NLO (5FS) 1
= 5 pyias theoretical description X 07 TPytias
o E aMC@NLO (4FS) . . . . b 'k .- aMC@NLO (4FS)
ML + Herwig ] within the uncertainties S 06— + Horwig ]
o 5F . 0.5p | LT
S 4 0.4

3k - 0.3

2f 3 0.2 :*:

1 > . 0.1

% 100 200 300 CMS-PAS-TOP-16-004 O TTos s T2

pr (t+) (GeV) lyl (t+1) (GeV)
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Summary and perspectives

Overall good agreement with the Standard Model predictions of the inclusive, fiducial
and differential cross sections measured for the three single top processes

Also good agreement for the derived values of the CKM matrix element |V |

More results will come to complete the scan of all energies

DG 9.7 fb™"

(3]
T

Combination of the three processes for BSM searches through:

[m[>ersy [}

= Direct model comparison

t-channel cross section [pb]

Fermilab-Pub-13-252-E (D®)

[ EEEZ

(=)

-

N

w: FEEE]
»

o

s-channel cross section [pb]

= Determination of effective couplings

o, = 00(1+ 4F, — 3.06G,/)
05 = 60(1 + 4F, + 19.69G, 1)
Owt = O'Wto(l + 4TL)

PLB 658 50 (2007)
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