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e Introduction

e Possibilities for cross section combinations

— t-channel
- tW

— s-channel

e Combination of the V,, CKM matrix element



Single-top, what and why?

Top quark production at LHC
Dominant: in pair via QCD 2R
Sub-dominant: singly through EWK

b L g
t-channel tW s-channel
Single-top is sensitive to new physics Background in searches
e FCNC, anomalous tWb couplings e Higgs, SUSY

e New particles, W', H*

Characteristic scenario for SM measurements

Top polarization, W helicity, top mass, |V |



Top quark production at LHC
Dominant: in pair via QCD A
Sub-dominant: singly through EWK Z2Nsatme
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f-channel tW s-channel
7 TeV (pb) 63.9+2.7 15.7+1.2 4294+0.18
8 TeV (pb) 84.7+3.5 224 +1.5 524 +£0.21
13 TeV (pb) 217+ 84 71.7+3.9 10.32 +£0.38 \

NLO theory calculations (scale+PDF+a,)


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec

Single-top, what and why?

f-channel tW s-channel
7 TeV (pb) 63.9+2.7 157+1.2 4.294+0.18
8 TeV (pb) 84.7 + 3.5 224 +1.5 524 +£0.21
H B H B

Detailed studies Observation Evidence



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec

LHC Single-top cross sections

ATLAS+CMS Preliminary LHCIOpWG
Single top-quark production

Inclusive cross-section [pb]
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ATLAS t-channel -
PRD90(2014) 112006, ATLAS-CONF-2014-007 -
CMS t-channel

JHEP12(2012) 035, JHEP06(2014) 090,
CMS-PAS-TOP-15-004

ATLAS Wt
PLB716(2012) 142, arXiv:1510.03752

CMS Wt

PRL110(2013) 022003, PRL112(2014) 231802
LHC combination, Wi
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

ATLAS s-channel
ATLAS-CONF-2011-118 95% C.L.,
ATLAS-CONF-2015-047

CMS s-channel, 95%GC. L.
CMS-PAS-TOP-13-009

NNLO PLB736(2014) 58
M= 172.5GeV, MSTW2008nnlo

scale uncertainty

NLO + NNLL PRD83(2011) 091503,
PRD82(2010) 054018, PRD81(2010) 054028
M= 172.5GeV, MSTW2008nnlo

Wit: tt contribution removed

scale @ PDF @ o uncertainty

NLO NPPS205(2010) 10, CPC191(2015) 74

M= 172.5GeV, Ho= 1= Mg,

CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC)

Wi: p'; veto for T removal = 60 GeV -
and =65 GeV

scale uncertainty

scale @ PDF & o, uncertainty

All exp. results are w.r.t. m, .= 172.5GeV
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f-channel: detailed studies

( [}
Cross section

e Precise 1n the full phase space

e Comparison with theory 1n the fiducial volume

— Validate and compare different models

c Extracting the CKM matrix element |V,

Covered here ... V

' Other properties

* Precise measurements of angular properties

e Sensitive to tWb anomalous couplings
) See the talk by Nuno Castro for ideas on combinations ... —




t-channel: o, in fiducial volume

Based on JHEP 06 (2014) 090

First look into 4FS vs. 5FS
modeling

For fiducial measurement

— Particle level detfinitions
along with LHCtopWG
recommendations

Corresponding analysis in

ATLAS 1S ATLAS-CONF-2014-007

Paper 1n preparation

19.7 fb' (8 TeV)
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Brucherseifer et al., PLE 736 (2014) 5B-63

O MLO+MNM LL QG D (scale & pdf)
N. Kidonakis, arXiv:1205.3453

I NLO {scale & pdf)

HATHOR, Aliev et al., ardiv: 10071327
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t-channel: o, in fiducial volume

* Based on e

Combination plan:
e [nclusive measurements combined using BLUE once the
corresponding papers are ready
 Combination of the fiducial numbers, 1f desired, needs
more effort:
— Common definitions for particle level objects —
LHCtopWG recommendations
e See backup for details on different definitions
 Aiming to use the recommended ones for Run II
— Dafferences 1n fiducial volume definitions
— Refining the related systematics uncertainties




tW: new ATLAS result, 7.76 significance

e ATLAS has also observed the tW at 8 TeV

Events / 10 GeV

Data/Pred.

— Simultaneous fit on BDT output in multiple regions
with different jet and b-jet multiplicities

arXiv:1510.03752

pT (l1 s12 !E?iss’j1) [GeV]

systematics

— Measurement also in the fiducial volume

1600 ——————T—— T T T
- ATLAS ¢ Data — ATLAS
1900 E" \s _ 8 Tev, 203 b Wt = \s=8TeV,20.3 1"
1200 — 1-jet 1-tag Mt - 2-jet 2-tag =
1000 - ¢ !Others . - [l Others —;
& ¢ 72 Uncertainty = 2 Uncertainty 3
800 — 3
00 E" Input to BDT , Input to BDT
400 = -
200
1 .2 ............................................................................................................. p epapegeenn
0 20 40 60 80 100 120 ) 50 100 150 200

p* (j1,j2) [GeV]

— Follows the latest LHC7opWG recommendations for
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tW: Observed in both experiments

CMS, \s = 8TeV L= 122fb1 1j1t

[T [T e [ I TR A .S TR O L R S S SRR L TR T
700: ATLAS ¢ Data o
- PRL 112 (2014) 231802 \'s =8 TeV, 20.3 fb" Wt
600 N 0 B 1-et 1-tag .t h.
] Bl Z7y +jets | arXiv:1510.03752 EEOthers 3
500 B Other I 72 Uncertainty =
E Uncertainty ] ¢ =
2] - ] =
T 400 -
o E
LL 300 —f
2001 =
100

W e RS Y d3"03 0.2 -0 0 0.1 02 03 04
BDT discriminant BDT Response

Combination of the cross sections:
* With the CMS observation paper, using BLUE

 Work has already started to understand the correlations
with ATLAS new systematic treatment



http://dx.doi.org/10.1103/PhysRevLett.112.231802

s-channel: evidence seen by ATLAS

 ATLAS has seen an evidence recently

e Update from CMS 1s expected soon

ATLAS CONF-2015-047

CMS Preliminary, 19.3 fbo !, Muons, V5 = 8 TeV ) =08 ATLAS Prelimingy ]
v L L L L g _I-Ldt 203 fb" e Data -
5 C 7 «data = \s = 8 TeV [ s-channel
4 L - . . I t-channel
< 2500[fOP-13-009 — [s-channel 1000 L et = gt
P - - [llt-channel - Wje g
E 200 b B th :'Iﬂfts di-boson
F~ — i ti-jet
Lﬁ 0]_0 be Mpdated 1 Dﬁ ® EZZ2 Post-flit uncertainty
1500 :— _: B Z+jets 500 X 44"""/’//-»//,./4‘4
- J WW+jets
1000 | — Eg'ggson
- . f]Syst. unc. — ot
500 4 JRate syst. = - Py + .
- = B 0.0k /VV/( */*// /+/7%+*4 AN /C
NP PPy Yo IR, e e v = —0.1F

BDT Dlscrlmlnant

P(SIX)

e Better significance and cross section measurement 1s expected from
combination

 How to handle different systematic/statistical treatments?

— Combining likelihoods? Different statistical frameworks ...

— Marginalization of different systematics can lead to different 1
significances



Events / 0.015

s-channel: evidence seen by ATLAS

» ATLAS has seen an evidence recently

* Update from CMS 1s expected soon

CMS Preliminary, 19.3 fb 7 Muons, Vs = 8 TeV
L I L B L B B B B

— Combining likelithoods? Different statistical frameworks ...

— Marginalization of different systematics can lead to different i

significances

[ ]s-channel
- [lt-channel

0.0002 0.0018 0.058



Vtb from single-top

- ATLAS+CMS Preliminary LHCIOPWG = ATLAS Lohanel .
I . . PHD‘3012014)112006 ATLAS-CONF-2014-007 —
L Single top-quark production ® CMS t-channel 4
JHEP12(2012) 035 JHEPOS(ZDM) 090,
L Nov 2015 CMS-PAS-TOP-1 i
O ATL

AS Wt
PLB716(2012) 142, arXiv:1510.03752

o CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802

¥  LHGC combination, Wt
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009

4 ATLAS s-channel
ATLAS-CONF-2011-11895% C.L.,
ATLAS-CONF-2015-047

¥ CMS s-channel, 95%C.L.
CMS-PAS-TOP-13-009

NNLO PLB736(2014) 58
Mys= 172.5 GeV, MSTW2008nnlo
scale uncertainty

------- NLO + NNLL PRD83(2011)091503,
PRD82(2010) 054018, PRD81(2010) 054028

|- my,,= 172.5 GeV, MSTW2008nnlo

— Wt: T contribution removed

C scale ® PDF @ o, uncertainty
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_______________________ —— NLO NPPS205(2010) 10, CPC191(2015) 74
[ 1 fMy,= 172.5GeV, Bo= B= Mo |
CTIDnIn MSTWZDDBH\D NNPDF2.3nlo (PDF4LHC}
= - wt: p veto for tT removal =60 GeV

and n=65 Gev
scale uncertainty

scale & PDF @ o, uncertainty
All exp. results are w.r.t. m,= 172.6GeV

Vs [TeV]

V= oo

theo.

Inclusive cross-section [pb]

ATLAS+CMS Preliminary LHCtopWG

[fLyVil = \j%‘“m from single top quark production

NLO+NNLL MSTW2008nnlo
PRD83 (2011) 091503, PRD82 (2010) 054018,
PRD81 (2010) 054028

Aoy, Scale @ PDF
My = 172.5 GeV

1hea

t-channel:

ATLAS 7 TeV' —
PRD 90 (2014) 112006 (4.59 fo™') |
ATLAS 8 TeV booome
ATLAS-CONF-2014-007 (20.3fo™")
CMS 7 TeV ]
JHEP 12 (2012) 035 (1.17 - 1.56 fb™") !
CMS 8 TeV o
JHEP 06 (2014) 090 (19.7 fb™")
CMS combined 7+8 TeV et

JHEP 06 (2014) 020

Nov 2015

f —w—t {
total theo

[fLyVypl £ (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

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

Wt:

ATLAS 7 TeV f -
PLB 716 (2012) 142-159 (2.05 fb')
CMS 7 TeV
PRL 110 (2013) 022003 (4.9 fb™')
ATLAS 8 TeV (%)
ATLAS-CONF-2013-100 (20.3fo™')
CMS 8 TeV'
PRL 112 (2014) 231802 (12.2fb™")
LHC combined 8 TeV'*
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009
s-channel: i
ATLAS 8 TeV* : - |
ATLAS-CONF-2015-047 (20.3 fo™) !

Wt:

ATLAS 8 Tev'™”
arXiv:1510.03752 (20.3fb™)

(*) Superseeded by results shown below the line
1 1 | ‘ | | ] | 1 I 1 | | | |

0.4 0.6 0.8 1
Iy Vil

1.2

| 1.12+0.24 £0.02

1.037013£0.03

+0.16 +0.03
1.012 543 o4

1.10+£0.12+0.03
1.03+£0.12+0.04

1.06 £0.11 £0.03

0.18
0.93 7518 + 0.04

1.01£0.10£0.03

" including top-quark mass uncertainty
2 including beam energy uncertainty
| | | | |

1.4 1.6 1.8




Vtb: assumptions and alternatives

p—
Vo= (o qumm [VI>[VLIV

* Assuming top quarks decay only to Wb

- Neglecting V4, V, 1n the production

» Not sensitive to couplings with different kinematics

» Alternative methods are possible (see e.g. here)
— Involving e.g R = BR(t—=bW)/BR(t—qW) from ttbar

 Combination becomes complicated + other ingredients
are needed — start with the simplest method

 Intend to use BLUE to combine [V |2

15


http://arxiv.org/abs/1202.4694

Vtb: ingredients for the uncertainty

Voo mmmh AV,=.

¢ . all single-top channels measurements could go in
exp

— Expect dominant contribution from #-channel

6 theory uncertainty is not negligible

— Which theory cross-section for t-channel?
The most precise (NNLO) or the NLO with all
needed uncertainties available?

— What uncertainties to add?

PDF, Scale, top mass, collider energy, b-mass?

16



Vtb: steps for the combination

Agree on few items
— What cross section to use
— What uncertainties? Top and bottom quark mass? ...

o v

Consider all channels (even cross energy)
— Less precise results would have less impact

Consider other methods
— Once the previous step 1s established
— Expand the interpretation: carefully add R 1n the
measurement?

17



Conclusions

o Combination of single-top cross sections and V, still
has some road ahead

e t-channel combination 1s waiting for a few updates
from the experiments

* tW combination has already started

* s-channel combination 1s waiting for updates from the
experiments, will need also some aligning of
uncertainties/statistical methods used.

« V,, combination can be straightforward as a first step,

and then get increasingly more complicated by adding
in more channels and different assumptions

18
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CMS vs. ATLAS in fiducial 7~-channel

Leptons:

CMS & ATLAS: dressed leptons (LHCtopWG) from W decay
MET:

CMS: does not use particle-level MET

ATLAS: vector sum of all neutrino's from W 1n the event
Jet:

CMS & ATLAS: clustering all particles but prompt
lepton/photon/neutrino with anti-kT algo.

B-tagging:
CMS: ghost matching
ATLAS: B-hadron matching (not clear to me how)

20


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ParticleLevelTopDefinitions

CMS vs. ATLAS in fiducial 7~-channel

CMS

Nominal results

Generated and extrapolated
by aMCatNLO

ATLAS

Object Kinematic cuts at detector level | Cuts at particle level | number required
Tight Muon pr > 26, || <21, I, <0.12 pr > 30, || < 24 | exactly 1 (or1 Ele)
Tight Electron Er =30, |y| <24 L < 0.1 pr > 30, [n| <24 | exactly1 (or 1 Mu)
Veto Muon pr > 10, |y <24, 1, <0.2 - 0
Veto Electron Er >20, || <24, L < 015 - 0
Jets pr > 40, [y <47 pr > 40, || < 5.0 exactly 2
B-tagging 1jetis tagged || < 2.4, b-hadron exactly 1
mr (muons) mr > 50 - -
Fr (electrons) Er =45

Object Cut
Electrons pr = 25GeVand || < 2.5
Muons pr > 25GeV and || < 2.5

pr > 35GeV,if 2.75 < | < 3.5
AR(L, jiy = 0.4
E.‘,‘?"-“‘-“’ > 30 GeV
mr(W) = 50 GeV
pr () > 40 GeV (1

e

Generated by AcerMC (1 =m,)
Extrapolated by aMCatNLz(l)

Lepton (), Jets (j;)
miss
‘E'I'
TI'EU'IS“."EI'SE H"r-l'ﬂkiﬂkill IMass
m— Al f O
o m—1 )

Lepton (), jet with the highest pp ()




CMS vs. ATLAS in tW

Theory modeling uncertainties

ATLAS CMS

| [SRESE e | Tononmalzation)
g - factorization scale
= and ttbar =

for Wt and ttbar

....................................................................................................................................................................

; PowHeg, ;
thf;i‘gmr  MC@NLO with
- Pythia, Herwig

~ PowHeg, | ME/PS matching
Ttbar generator | \ic@NLOwith = threshold and

ISR/FSR

_________________ andPS Pythia, Herwig | scale variation
_PDF  PDF4LHC = PDF4LHC
DR/DS DR/DS DR/DS

Reinhard Schwienhorst

https://indico.cern.ch/event/340357/session/4/contribution/9/attachments/667587/917615/2015-01-12 Wt.pdf

22


https://indico.cern.ch/event/340357/session/4/contribution/9/attachments/667587/917615/2015-01-12_Wt.pdf
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